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1. Introduction and purposes of the Report
In the scoping document, aiming to frame the discussions in the working group on “IAS prevention”, several relevant questions are raised and problems remarked, such as the following: (1) How to regulate priority pathways? (2) Lists of priority species to be organised at EU-level and/or per biogeographical region and/or at MS-level? (3) Responsibilities at EU and MS-level? (4) Enforcement to be organised at MS level? Requirements from the EU-level? (5) Where are the conflicts of interests? (6) How to organise sequenced risk management? (7) Are special arrangements for islands and/or outermost regions advisable? (8) How to build on the animal, plant health, IMO? (9) Which MS can contribute their experiences? (10) How to cooperate with border control, veterinary and phytosanitary services? (11) How to organise targeted monitoring around key entry points and high risk areas? (12) How to organise cost recovery?

In this report, in the following sections, these topic are analysed and discussed, recalling, when available, the most relevant literature, legislation, best practices and Countries’ experiences. Recommendations and management options are provided both in the text (for specific pathways) and in the “conclusions” section.
As there is a plethora of pathways (and vectors), it was not possible to describe in details each of them, therefore, in relation to the available time and the expertise within the working group, key examples are given, but of course, this report does not pretend to be exhaustive. 

While the selection of topics hopefully reflects an attempt to cover the most important pathways and the challenges the EU faces, a number of core areas, have clearly not received the attention they deserve. For example, the importance of listing and prioritizing pathways is stressed several times, but any EU level prioritization is proposed herewith (lacking, so far, a generally agreed method for pathway risk analysis at EU level).
2. What is a “Priority Pathway”?

2.1 Operational definitions. What is a pathway?

Terminology and definitions are the subject of another task (Priority species). Herewith, in this report, as a temporary tool and for the purpose of this TASK the definitions of “alien species” and “locally absent species” according to Aquaculture regulation (708/2007) can be used: Art3: (6)  ‘alien species’ means: (a) a species or subspecies occurring outside its known natural range and the area of its natural dispersal potential; (b) polyploid
 organisms, and fertile artificially hybridized species irrespective of their natural range or dispersal potential; Art 3: (7) ‘locally absent species’ means a species or subspecies which is locally absent from a zone within its natural range of distribution for biogeographical reasons. The main concerns on this definition is that polyploidy in plants cannot be considered a feature necessarily correlated with the alien status and that it does not clearly state that alien species occur outside their “natural range” (i.e. are introduced elsewhere) as a result of human agency, intentionally or unintentionally.
According to UNEP/CBD terminology "introduction" refers to the movement by human agency, indirect or direct, of an alien species
 outside of its natural range (past or present). This movement can be either within a country or between countries or areas beyond national jurisdiction; "intentional introduction" refers to the deliberate movement and/or release by humans of an alien species outside its natural range
; "unintentional introduction" refers to all other introductions which are not intentional. It is also important to define in this framework the term “translocation” sensu IUCN (1999, 2000) as the movement of living organisms from one area with free release in another. This term includes introductions, re-introductions and re-stocking (IUCN 2000).
The routes by which (invasive) alien species enter new habitats are known as pathways while the means by which they travel to new destinations are known as vectors (UNEP/CBD/SBSTTA/6/INF/11, 26 February 2001
). The IPPC defines pathway as “any means that allows the entry or spread of a pest” (IPPC, 1999). Pathways and vectors (whether intentional or unintentional) are numerous. They can be a result of many human activities and operate over time and space, with marked differences between taxonomic groups of invaders, habitats, geographical regions. Not only are human activities creating new pathways and vectors but they are also increasing conveyance of invasive alien species through already established pathways. Pathways and vectors also appear to be interacting with one another forming a kaleidoscope of means of spread of invasive alien species to all parts of the world (Wittenberg R. & M. Cock 2001). 

2.2 Classification of pathways

For the purposes of this report there was a general agreement on using the general classification of pathways proposed by Hulme et al. (2008)  [See table from Hulme et al. 2008; Kettunen et al. 2010, in the Annexes section of this report]. Anyway, it should be taken in mind that there are differences between taxonomic groups and habitat/eco-regions or ecosystems, and that more detailed classifications have been proposed by other Authors or International Organizations, for specific pathways (or vectors) or ecosystems, as in the case of marine invasions (see, e.g., Molnar et al., 2008, a table is provided in the Annexes) and ballast water. The Invasive species pathways task team (USDA/APHIS) has a different classification system, distinguishing transportation related pathways, living industry pathways, with a residual category of “other miscellaneous pathways” [Cf. Annexes]. For each pathway, main taxonomic groups involved are indicated. 
One strategic objective of the European strategy should be to list and prioritize pathways at EU level (or for main biogeographical regions), and to encourage MSs to list and prioritize pathways at national (or sub-national) level.
2.3 Priority or critical pathways according to the CBD

Priority pathways may be identified according to main geographical or bio-geographical regions (or according to priority habitats or ecosystems for nature or landscape conservation). For example, UNEP/CBD/SBSTTA/6/INF/11 highlights the most critical pathways in habitats and land uses: coastal and marine areas; inland waters; terrestrial areas including forests, Mediterranean regions, grasslands and savannas, arid and semi-arid areas, and mountains; agricultural lands; islands and other geographically and evolutionary isolated areas; polar regions
. According to this document, in freshwater and estuarine systems the major modes of spread of invasive alien species (IAS) of fish, aquatic invertebrates, plants and microorganisms that usually accompany them are: deliberate introductions for aquaculture, improvement of fisheries (stocking), sport fishing and biological control; and largely unintentional entries through ship-related transport; aquarium releases; escapees from rearing facilities for aquaculture, fish bait and horticultural trade; creation of passage ways such as the building of canals between rivers, and lakes; and recreational boating. One of the worst aquatic invasive plants of the world, Eichhornia crassipes has a history of being introduced as ornamental and spreading into water ways after escaping from gardens.

Independently from habitat or geographical differences, CBD COP 8 Decision VIII/27
 identifies 12 of the most critical pathways and 3 policy gaps, many of which cross into the jurisdiction of different international organizations [such as the International Plant Protection Convention, the World Organization for Animal Health (OIE), the Food and Agriculture Organization of the United Nations, and the World Trade Organization]. The COP aims to identify a few priority areas that are not presently covered by international regulations and are a priority to work with, in order to move forward, particularly where it can support ongoing work by other organizations. Possible pathways that the CBD would/could highlight and explore collaboration and other options for advancing, include: acquaculture/mariculture; ballast water; marine bio-fouling and particularly hull-fouling; civil air transport; military operations or aid including peace-keeping operations; emergency relief, aid and response efforts; international development assistance; scientific research activities; tourism; pets, aquarium species, live bait, live food and plant seeds; biocontrol agents; ex situ animal breeding programmes; inter-basin water transfer and navigational canals; action or lack of action to address spread of invasive alien species; unintended protection of invasive alien species; inconsistency in terminology.

More recently, COP 10 Decision X/38 “Invasive alien species” has remarked the importance of “Invasive alien species introduced as pets, aquarium and terrarium species, and as live bait and live food”. Furthermore, decision X/37 on biofuels and biodiversity acknowledges concerns that deployment of biofuel technologies, may result in increased demand for biomass and aggravate drivers of biodiversity loss, such as introduction of invasive alien species.
Another consideration in setting priorities is the possibility of regulation when the existing regulatory and legislation framework is still lacking. From this point of view a priority pathway is a pathway responsible of massive introductions that can be profitably regulated to reduce or mitigate negative impacts. As remarked, e.g., by UNEP/CBD/SBSTTA/9/15 (22 October 2003) the coverage of the international regulatory framework can be examined from several perspectives: from the types of species that may be invasive; from the types of habitats, biomes or species that may be threatened by invasive alien species; from the potential pathways for introduction of invasive alien species; and from the stage of intervention: prevention, mitigation or control. According to this document, horticulture provides well established pathways for introductions of potentially invasive alien plants, with Internet-based trade in unusual seeds, bulbs and plants now posing new challenges to quarantine and management authorities. There are a number of initiatives to address this threat, but without an underpinning regulatory framework enforcement may be difficult. To the extent that potentially invasive plants qualify as pests of plants or plant products, the new IPPC guidance on analysis of environmental risks may be usefully applied. Therefore “… other potential pathways where an international regulatory framework is lacking or insufficient include intentional introductions for horticulture, and international assistance programmes”.

As reported in the IEEP Report (Shine et al. 2010), in October 2010 (Nagoya, Japan), CBD Parties approved the following IAS target under the CBD Strategic Plan 2011-2020: ‘By 2020, invasive alien species and pathways are identified and prioritised, priority species are controlled or eradicated, and measures are in place to manage pathways to prevent their introduction and establishment’. They also adopted a dedicated Decision on Invasive Alien Species and addressed IAS through a range of other decisions, notably on biofuels and on agricultural biodiversity.
2.4 Priority or critical pathways according to the DAISIE project

In the DAISIE Book, one of the main outcome of this EU project (see Annexes, with selected paragraphs form Chapter 2 to Chapter 9 of the DAISIE Book) the “main pathways” are described for a set of taxonomic groups (Fungi; Bryophytes and Lichens; vascular Plants; terrestrial Invertebrates; Invertebrates and Fish in inland waters; Birds; Amphibians and Reptiles; Mammals) and for one biota (Marine biota). Main pathways are defined according to the number of actual naturalized taxa of invasive alien species they carried (to Europe or in Europe). In the preface of the book the Editors
  remark that. “ … A clear signal is that global trade is a major driver of biological invasions in Europe. This is not surprising, since this signal is seen worldwide. Accounting for the multitude of pathways by which an alien species is introduced is essential to disentangle the role of species and ecosystem traits in biological invasions as well as predict future trends and identify management options. The Handbook of Alien Species in Europe highlights that vertebrate introduction tend to be characterised as deliberate releases (often as game animals), invertebrates as contaminants of stored products or horticultural material, plants as escapes from gardens, while pathogenic fungi are generally introduced as contaminants of their hosts. Several major infrastructural projects linking together seas via freshwaters and canal networks in order to facilitate the movement of goods are a major source of introductions, for example into the Mediterranean from the Red Sea, and from the Caspian and Black Seas to the Baltic. Once introduced to Europe, species with tiny spores, such as fungi and bryophytes, may be able to spread across the continent without additional human assistance and such unaided spread is likely to be the hardest to contain …”.
2.5 How to assess priority or critical pathways according to the IEEP Report

The IEEP Report (Shine et al. 2010) contains plenty of information about pathways,  management and policy options. Intentional introductions are addressed in paragraph 5.1 (page 84), unintentional introduction in paragraph 5.2 (page 109) and paragraph 6.4 (page 182) concerns “Management of key IAS pathways “ (with an estimation of costs). At page 8 of the report the Authors state that: “Trade pathways linked to globalisation are the key driver for the increasing rate of introductions into the EU across all taxonomic groups. In Europe as a whole, the rate of new introductions has risen steadily in recent decades and is still increasing for all taxonomic groups except mammals. The cumulative number of alien species is increasing for all groups including mammals, with one new alien mammal introduced per year. Similar patterns are observed in Europe’s marine environment”.
Nevertheless, the IEEP Report itself does not contain a prioritization of pathways. It suggests (page 84) that pathways involving the intentional import, intra-EU movement & holding and / or release of invasive alien species into the natural environment should be managed and prioritised, based on risk assessment
, to prevent or minimise adverse impacts on EU biodiversity or ecosystem services as a result of: the introduction of new IAS into the EU; the further spread of already introduced IAS within the EU; and the introduction of species with a partially native range in the EU to areas within the EU where they are not native and may become invasive. 

For the unintentional introductions (page 109) the IEEP Report suggests that  pathway-based measures tailored to risk level would minimize unintentional introductions into and within the EU in partnership with relevant stakeholders at all levels. According to the Report, the two key pathways for unintentional introductions concern contaminants in transported commodities and stowaways in transport vectors. These pathways are integrally linked to the expanding global and regional movement of goods and people. A wide range of stakeholders are potentially involved in effective biosecurity activities, from international traders and transporters to individuals moving boats or soil from one place to another. At the EU level, systems to completely prevent unintentional introductions would be impossible to devise and implement. However, constant vigilance and sustained prevention effort can help to minimise IAS introduction effort (propagule pressure). The tools envisaged under the Strategy for this purpose are: prioritised pathway risk assessment to identify the need for appropriate response; sequenced risk management measures that define responsibilities and actions at each stage of a transport pathway (point of export, carrier, point of import, quarantine etc.); targeted monitoring around entry points and a coordinated framework for early warning and rapid response when prevention fails.
2.6 Other criteria for defining priority or critical pathways

According to Reaser et al. (2007a), propagule pressure is one of the key factors influencing the rates of establishment and scale of impacts of invasive species. Propagule pressure is a composite measure of the number of individuals released into an ecosystem to which they are not native. It incorporates both number of discrete release events (propagule number) and the absolute number of individuals involved in any one introduction event (propagule size). Studies of plants and animals indicate that the higher the propagule pressure, the greater the probability of successful establishment by the nonnative invader(s). Propagule pressure may be the most important factor in establishment success of nonnative species of various taxa in a variety of ecosystems worldwide. Furthermore, strong evidence is emerging that propagule pressure determines both the scale of invasion extent and impact (Reaser et al., 2007a and reference cited therewith). In a limited way, the US government is applying a ‘‘propagule pressure approach’’ in a variety of prevention policy contexts aimed at minimizing the impact of harmful organisms. However, there are also readily apparent opportunities for enacting propagule pressure-based measures to fill current gaps in invasive species prevention and control at national, state, and local levels. An explicit focus on propagule pressure-based policies could substantially increase the effectiveness of US efforts to prevent the introduction of invasive species through by intentional and unintentional introductions (Reaser et al., 2007a).

As recently remarked by Genovesi (2010), in order to respond to climate changes by reducing CO2 emissions, the EU has adopted policies that encourage the expansion of non-food or non-feed crops. This should, therefore, be regarded as an emerging pathway of deliberate introductions (as well as risk of mediated accidental introductions). The danger that biofuel crops will cause an increase in biological invasions have been highlighted by several organisations, including IUCN
, and has been also acknowledged in the decision on “Biofuels and biodiversity” adopted by the 10th Conference of the Parties of the Convention on Biological Diversity.
Concerning ornamental plants, the research by Brunel (2009) highlights the relevance of the pathway of voluntary introductions of aquatic plants
. Finally, just to add another example, airline baggage has been assessed and quantified as a significant pathway for Alien Insect Species invading the United States by Liebhold et al. (2006).

3. Methods for ranking pathways

3.1 Listing pathways

[See also section 4]

Developing a complete schematic of pathways and associated organisms should be the first step for any prioritization and management action. The process of developing and maintaining a priority list of invasive pathways should be coherent and intercrossing with both processes of prioritizing species and risk analysis. The assessment should be able to provide a reasonable estimation of the overall risk. All assessments should communicate effectively the relative amount of uncertainty involved and, if appropriate, provide recommendations for mitigation measures to reduce the risk. It is not possible to determine with certainty whether, when, or how a particular introduced organism will become established after having been introduced through a certain pathway. It is equally challenging  to determine with certainty what specific impact an introduced organism will have. The best that can be achieved is to estimate the likelihood that an organism may be introduced and estimate its potential to do damage under favourable host/environmental conditions. Quantitative and qualitative risk assessments should always be buffered with careful professional judgment (Orr & Fisher, 2010). According to the cited Authors, the need for a pathway risk assessment starts either with the request for opening a new pathway that, e.g., might harbour aquatic invasive organisms, or the identification of an existing pathway that may be of significant risk. All pathways showing a potential for non-indigenous organism introduction should receive some degree of risk evaluation. Those pathways that show a high potential for introducing non-indigenous organisms should trigger an in-depth risk assessment. Specific information needed about the pathway will vary with the “type” of pathway. The following generalized list of information has been useful in other non-indigenous risk assessments: (1) the exact origin(s) of organisms associated with the pathway; (2) the numbers of organisms travelling within the pathway; (3) the intended use, or disposition, of pathway; (4) the mechanism and history of pathway; (5) a review of history of past experiences and previous risk assessments (including foreign countries) on pathway or related pathways; (6) a review of past and present mitigating actions related to the pathway. Some of this information overlap with ranking criteria.
As clearly remarked by R. Baker et al. (2009), in the framework of the EU project PRATIQUE, pathway analyses often generate very long lists of organisms and these then need to be screened to identify those that may pose the highest risk and thus have the highest priority for PRA production. Pest risk analysts may also study one pathway and determine what species may be able to use this pathway to enter an area. The information from such pathway analyses is clearly highly relevant in determining the optimal selection of measures through systems approaches to prevent the entry of quarantine pests.

3.2 Examples of ranking criteria

Efforts to evaluate the significance of pathways should be open and participatory, and involve both experts and stakeholders. Reporting levels of uncertainty, explicit and separate from the ranking criteria, has at least two values: it increases the credibility of the assessment; and, identifies areas where research is needed (i.e., a pathway is thought to be high risk but for which significant uncertainties remain).

The Invasive species pathways task team (USDA/APHIS) has developed a ranking system for pathways composed by 26 questions, and for each of them panel experts are requested to assign a score (5 = Very Likely; 4 = Somewhat Likely; 3 = Chance is equally likely or unlikely; 2 = Somewhat Unlikely; 1 = Very Unlikely). The questions assess pathway magnitude, survivability during transport, feasibility of detection, environmental compatibility of the recipient habitat, easily of spread once the organism enters the new environment, management/control for historic/known introductions, management/control for potential/future introductions, impacts.

Orr & Fisher (2010
) take into account the following criteria: probability of the organism being on, with, or in the pathway; probability of the organism surviving in transit (entry potential); probability of the organism colonizing and establishing a reproductively viable population (colonization potential); probability of the organism spreading beyond the colonized area (spread potential); economic impact if established; environmental impact if established; impact to social and cultural practices.

Within the framework of the EU project ALARM
 Panov et al. have proposed a protocol for risk assessment of aquatic invasive species introductions via European inland waterways, defining low, high and extreme risk pathways.
This approach, support the idea that it is probably more convenient to distinguish between different (main) taxonomic group of invasive alien species or between main types of habitats, as intentionality/un-intentionality of introductions may change a lot for the different Taxonomic groups and habitats, and, at the same time, the type of pathway. Finally there also may be differences between biogeographic regions and European mainland/islands.
4 (Tentative) List of pathways of EU concern

One strategic objective of the European strategy should be to list and prioritize pathways at EU level (or for main biogeographic regions), and encourage MS to list and prioritize pathways at national (or sub-national) level. For each pathway, main taxonomic groups involved should also be indicated and propagule pressure estimated. It could be advisable to distinguish at least: (a) Pathways Into EU (mainland); (b) Pathways Into EU regions (geographical or biogeographical); (c) Pathways Into Outermost Regions & OCTs; (d) Pathways Within EU.

Listing should be as much as possible oriented to management purposes, scientifically sound, and should be a basic information level for pathway risk analysis and prioritisation. The classification scheme from Hulme et al. (2008) it’s a very suitable basis for developing a more detailed list, as tentatively proposed in the following, not exhaustive, list.
4.1.1 (Intentional) Release

· Release of alien or locally absent species in the EU 

· Release of alien or locally absent species (or genotypes) in a biogeographical, or geographical region of the EU, or in the ORs & OCTs

· Biological control agents (alien) of pests and weeds s.l. (including alien agents released to tackle alien invasive weeds)

· Planting for landscaping and erosion control, sand dune stabilisation

· Afforestation with alien trees (this category overlaps with the escape pathway)

· Restocking of species by hunters
 (e.g. pheasant) or fishers
· Intentional release of (unwanted) pets, terrarium and aquarium species

· Intentional release of contained species
, e.g. fur breeding species (animal activists, or in case of closing of facilities and owners releasing animals e.g, New Zealand after collapse of fur market)

· Intentional releases for human food consumption (e.g. crayfish, fish, etc.)

· Release of birds within falconry when the birds are not recovered (releasing falconry species with telemetry is not considered as release into the wild)

· Release of alien species or sub-species of pollinators

· Releases to “enrich” the native flora and fauna (e.g., alien legume species or alien grasses species in Mediterranean ranges and dehesas)

· Mycorrhyzation with alien taxa (e.g. Pine plantations)

4.1.2 Escape

· Escape of alien or locally absent species

· Escape from cultivation (agriculture, horticulture, forestry, biofuel crops and plantations, including short rotation forestry and short rotation coppice with alien trees, experimental trials, acclimatisation gardens etc.)

· Escape of alien hydrophytes from phytoremediation facilities (e.g. detention basins)

· Escape from aquaculture

· Ornamental planting (parks, gardens, botanical gardens, garden ponds, along streets, on balconies, on green roofs, etc.)

· Use of live bait and live food

· Unintentional escape of pets, terrarium and aquarium species

· Unintentional escape of contained species (e.g. from zoological gardens, safari parks, botanic gardens and arboreta)
4.1.3 Contaminant

· Trade, transport and disposal contaminated commodities (including travellers’ pathway) [e.g., seeds trade, timber, compost and wood chips, minerals, hay and straw, aquarium plants etc.]
· Disposal of (dead) plants, plant parts, seeds, aquarium water, soil etc.

· Outdoor storage/disposal of contaminated wood packaging materials

· Unintentional displacement with commodities (live plants and plant parts, vegetables and fruits, animal feed, timber and timber products, seeds, soil, compost, honeybees, hay, straw, wool, etc)

· Unintentional displacement with packages

· “Hitchhiking” on intentionally introduced organisms (i.e. algae on shells of imported oysters or mussels, parasites on fish)

4.1.4 Stowaway

· Stowaways in transport vectors

· Ballast water

· Hull fouling

· Unintentional displacement through civil aviation

4.1.5 Corridor

· Unintentional introduction via channels

· Unintentional introduction via roads, railways etc.

· Unintentional introduction via human infrastructures (e.g. oil and gas industry)

· Migration due to climate change

4.1.6 Unaided

· Natural dispersal in inland waters

· Natural dispersal through terrestrial corridors

· Hybridisation

4.1.7 Other 

[To be written, if necessary]

5. How to manage or regulate (priority) pathways

5.1 Background information
Plenty of information is provided in the IEEP Report (Shine et al. 2010
). In addition to that, in the following, information and guidelines are provided, according to the 6 main pathways described by Hulme et al. (2008) and to a list of significant vectors, taxonomic groups, ecosystems (or habitats) and case studies. Finally, general strategic actions are suggested in the “conclusions” section.
As remarked in the introduction section, this report does not pretend to be exhaustive. While the selection of topics hopefully reflects an attempt to cover the most important pathways and the challenges the EU faces, a number of core areas, have clearly not received the attention they deserve.

Generally speaking it is possible to foresee general tool and guidelines, but measures tailored to specific pathways, or vectors or specific regions (e.g. islands) and taxonomic groups may be required. Nevertheless, diverse Cultures (in the broader sense) create complex matrices of invasion pathways (Carlton and Ruiz, 2000, as cited in McNeely 2001).
A part from the IEEP Report, management guidelines are provided in the IAS Global Strategy, in the European Strategy (Genovesi & Shine), in several UNEP-CBD documents, in many national or regional strategies, action plans, best practices and Code of conducts. Management guidelines for pathways transporting alien plant pests are also provided in some International Standards for Phytosanitary Measures (ISPM) of the IPPC (FAO, 2011) and, for Europe, in EPPO Standards on Phyosanitary Measures (EPPO 2011).

For example, IUCN (2000
) provides guidelines and recommendations on the management of pathways, making a basic distinction between intentional and unintentional introductions. There are of course differences between taxonomic groups and regions, but there is also quite a general agreement on the fact that unintentional introductions are particularly problematic. At any given moment, some 10,000 different species are being transported between bio-geographic regions in ballast tanks alone (Carlton 1999), and ballast water is just one of an ever expanding list of vectors that mirror the worldwide expansion in trade and tourism (Thresher 1999, 2000). Fortunately, most of these potential invaders die. Many species cannot survive the dark and often dirty conditions in ballast tanks over a long voyage; for others, the environmental conditions at the port of discharge are not suitable. Even when conditions are apparently suitable, most organisms fail to establish, and of those that do establish most fail to become invasive—although some may become invasive after decades (or centuries) of otherwise unremarkable existence (Crooks & Soulé 1999). Nonetheless, as ballast water has become cleaner, ship’s transit speeds have increased, and environmental management of ports has improved, marine organisms are likely to find commercial shipping and other vectors increasingly hospitable means of transport worldwide (Bax et al. 2003) [cf. specific section on Ballast water & the International Maritime Organisation’s Ballast Water Convention (2004)].
5.2 Intentional release pathway

Definition: the release pathway refers to the intentional introduction of aliens into a new region as a commodity for release (Hulme et al., 2008).
5.2.1 Intentional release of biological control agents of pests and weeds s.l.
[by Marc Kenis – CABI Europe]
Biological control is the use of natural enemies of a pest, in various ways, to control this pest. In the framework of a biological control programme, exotic natural enemies may be introduced, usually to control a pest which is also alien. About 175 alien terrestrial invertebrates established in Europe (=11% of the alien terrestrial invertebrates) were released intentionally, most of them as natural enemies of agricultural and forestry pests (Rabitsch, 2010). Many were deliberately released in the wild for permanent control of the target pest but others were released in confined environments (e.g. greenhouses) and subsequently established by themselves outdoors. Not only arthropods but also pathogens and nematodes can be used in biological control programmes against invertebrate pests. While the vast majority of these introductions result in either positive effects on the target pest or in no effect at all, in single occasions the biological control agent may become invasive and have a negative effect on the environment. In Europe, the best example is that of the harlequin ladybird, Harmonia axyridis, which is threatening native ladybirds. Risks of non-target effects can be easily minimized by pre-release risk assessments of the alien biological control agents. For this, however, national or, better, European regulations are needed. The FAO Code of Conduct for the Import and Release of Exotic Biological Control Agents (ISPM3) (FAO, 2005
) and the EPPO Phytosanitary Measures on Safe Use of Biological Control (PM6) (EPPO, 2010
) provide general guidance for best practice in biological control. However, Member States do not always follow these recommendations. The EU policy support action REBECA has provided a comprehensive book review on the registration requirements and current practices in biological control in Europe (Ehlers, 2011). This book also provides proposals for the development and harmonisation of regulation processes in Europe and guidelines for good practice. An increasing number of European countries starts to possess an  active regulatory process for the import and release of invertebrate biological control agents. Two chapters are of particular interest in this matter. Bale (2011) reviews the scientific and political dimensions underlying the recommendations made by BACCARA for the introduction of exotic invertebrate biological control agents in Europe, and provides an update toward the objective of a harmonised regulatory framework for non-native IBCAs in Europe. Similarly, Hunt et al. (2011) propose pragmatic and effective solutions for a pan-European regulatory system for the introduction of invertebrate biological control agents, based on comparisons with other continents and taking into account European specificities. 

In contrast to other continents, biological control of invasive weeds and invasive alien plants by the introduction of alien arthropods or pathogens is not a common practice in Europe. The first alien agent against an invasive alien plant was released for the first time in the EU in 2010 (the psyllid Aphalara itadori, against Fallopia japonica in UK). Risks of non target effects on the native flora and fauna can be minimized by following risk assessment protocols that are in place elsewhere and should be established at European level.  

Since biological control agents introduced against invasive alien plants are herbivores or plant pathogens, the risk related to their introduction can be assessed using the EPPO PRA decision support scheme for quarantine pests (EPPO 2011), which should include a comprehensive host specificity assessment to evaluate the potential environmental impact on non-target plants.

5.2.2 Intentional release pathway in Forestry

Afforestation has a long history in the northern hemisphere, but it was only in the twentieth century that many alien tree species began to be planted over large areas in environments far removed from their natural ranges. A small number of tree species now 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, as ornamentals. The pathways created by the use of alien trees in commercial forestry and agroforestry have resulted in many serious problems with invasions worldwide. (Richardson 2011). 
Afforestation (sensu lato) can be considered an intermediate pathway between intentional release and unintentional escape, but will be described in this part of the report, as exotic trees are very often introduced according to their suitability to naturalise in the new environment with self-sustaining populations. 
Rationales for introducing alien tree species include higher productivity, easier management, and suitability for reclaiming disturbed land. A new rationale is the role of alien tree species in adaptation to climate change
, which may make the environment increasingly unsuitable for native trees and phytomass production for energy purposes (e.g. short rotation coppice, short rotation forestry).

While there is no common definition agreed among EU MS of what constitutes a forest, the definitions used by the Food and Agriculture Organization (FAO) and the United Nations Economic Commission for Europe (UNECE) in their periodic assessments of forest resources and also by the MCPFE may provide an adequate working description for the purpose of reflecting on forest protection (EC 2010)
.

Forests cover about a third of the European Union land area, nevertheless, in the European Union the formulation of forest policies is the competence of the Member States, under the subsidiarity principle [Art. 5 of the EU Treaty] and within a clearly defined framework of established ownership rights and with a long history of national and regional laws and regulations based on long term planning. Although the Treaties for the European Union make no provision for a common forest policy, there is a long history of EU measures supporting certain forest-related activities, coordinated with Member States mainly through the Standing Forestry Committee (http://ec.europa.eu/environment/forests/fpolicies.htm). 

However forests are affected by a broad array of Community policies and initiatives arising from diverse EU sectoral policies. For several decades now, environmental forest functions have attracted increasing attention mainly in relation to the protection of biodiversity and, more recently, in the context of climate change impacts and policies. In public perception, apart from the traditional production of wood and other forest products, forests are increasingly valued for their role as public amenities, biodiversity reservoirs, regulators of climate and local weather, sources of clean water, protection against natural disasters and renewable energy sources.

The EU Forestry Strategy
 adopted in 1998 puts forward as its overall principles the application of sustainable forest management and the multifunctional role of forests.  At the 4th MCPFE in Vienna (2003) Resolution 4 “Conserving and enhancing forest biological diversity in Europe”, builds on international commitments of Environment for Europe, the CBD, UNFF and WSSD and previous MCPFE commitments. It proposes to conserve forest biological diversity by combating illegal harvesting and related trade, further developing protected forest area networks, restoring biological diversity in degraded forests, promoting native tree species, preventing negative impacts of invasive alien species and monitoring the development of forest biological diversity. The “MCPFE Assessment Guidelines for Protected and Protective Forest and Other Wooded Land in Europe” as well as the “Framework for Co-operation between the MCPFE and Environment for Europe/PEBLDS41” on key issues of forest biodiversity were adopted as annexes to this resolution. 

According to the definitions of article 2 of the Council Directive 1999/105/EC of 22 December 1999 “on the marketing of forest reproductive material
” “an autochthonous stand or seed source is one which normally has been continuously regenerated by natural regeneration. The stand or seed source may be regenerated artificially from reproductive material collected in the same stand or seed source or autochthonous stands or seed sources within the close proximity”. According to the same source, an indigenous stand or seed source “is an autochthonous stand or seed source or is a stand or seed source raised artificially from seed, the origin of which is situated in the same region of provenance”. That might be considered an unclear definition, or at least not in line with more updated definitions in use in the field of biological invasions. As usual, these definitions apply only for the purposes of the Directive. Anyway, it is very likely to promote confusions between naturalized alien trees and native trees. This confusion may arise also from the fact that in the Annex I “List of tree species and artificial hybrids” Pinus radiata D. Don and Robinia pseudoacacia L. are listed. MSs that apply the principles of Council Directive 1999/105/EC of 22 December 1999 with national legislation, as in the case of the Italian decree of forest materials (D.Lgs. n. 386/2003), may generate further confusion in the terminology and may promote as “native” alien trees of old introduction that are fully naturalised in the given country. This terminological conflict, might also cause a possible by-pass of the ban
 of introducing “alien” species in the areas under protection ex Council Directive 92/43/EEC of 21 May 1992.

5.2.3 Management options and recommendations to address pathways in Forestry

The future EU strategy on biological invasions should take into account forest policies, and forest activities both in private and public lands. Afforestation policies at EU and MS level, need to include clearly stated objectives to reduce impacts both inside and outside areas set aside for forestry with alien tree species. Assessment of impacts on plantation land and containment of alien trees to areas set aside for their cultivation must become an integral part of silviculture. Progress is being made toward this end, but coordination is required to optimize such measures (in the research sector, in public awareness etc.). Protocols dealing with invasive forestry trees across the full range of conditions in which alien trees are used must be strived for (Richardson, 2011). Riparian silviculture (e.g., Populus spp.) must be addressed by tailored measures. 
The Food and Agriculture Organization of the United Nations, the Global Network for Forest Science Cooperation (IUFRO; www.iufro.org/), and the World Agroforestry Centre (ICRAF; www.worldagroforestry.org/) are the obvious institutions to support such initiatives, and they have all made some contributions in this direction, but much more work remains to reduce the effectiveness of pathways created by the introduction and use of alien trees in generating and sustaining biological invasions. Solutions lie in the integrated application of legal instruments and pragmatic new approaches (Richardson, 2011).

In commercial forestry, many companies currently implement the ISO 14001 Environmental Management System to ensure international standards on environmental performance. The Forestry Stewardship Council (FSC; www.fsc.org/) is an independent NGO that promotes responsible management of the world’s forests. The FSC is promoting measures to reduce problems associated with invasive alien trees. For example, FSC certified plantations must have a management plan for forest “escapees” that invade adjacent buffer zones and areas of conservation value. FSC certified plantations should investigate ways of reducing the invasive potential of species that they cultivate, possibly through breeding programmes, introduction of host specific seed predating insects or other means (Ivey et al., 2009 – FSC).

According to Richardson & Blanchard (2010), and references cited therein, the most effective management strategy seems to be to integrate the following (listed in decreasing order of the spatial scale of the intervention): spatially explicit risk assessment at a national scale [or sub-national, e.g. for islands] as a basis for objective demarcation of species [or cultivars or genotypes] and areas [habitats] suitable for plantations; at the landscape scale, attention to plantation design (e.g., orientation in relation to prevailing wind), plantation methods, species composition, and optimum land management around plantations to reduce the incidence of invasions; at the scale of individual management units, the incorporation of mechanical control measures to curb spread at the edge of plantations as part of standard silvicultural operations; and the application of appropriate landscape management (system dependent, including controlled fire and grazing management) to prevent the establishment and spread of invading tree plants in surrounding land.

Individual alien tree species (or genotypes) should be subject to a standardized assessment process and evaluation of benefits versus risks. Assessments should vary with the type of land proposed for planting. Limited planting trials, with appropriate monitoring and evaluation, should precede widespread planting. In the case of species and situations where widespread planting has already happened, assessment should still take place. Plantation planning guidelines should be developed to reduce risks associated with planting alien tree species. MS should review their current policy on alien tree forestry and, if necessary, develop new policies to address alien tree (forestry) species issues. 

Along with the need to understand and mitigate the impacts of invasive tree species already in the landscape, EU and MS need to stop the introduction of species known to be invasive and to prevent the introduction of new species that may have the potential to be invasive.

According to the study of Thorpe et al. (2006), policies on introduction of alien tree species should not be seen as absolute, but rather as dependent on the species and the situation. The feedback they received from an ad hoc stakeholders workshop supported the view that “exotic introduction is acceptable in some situations, but not in all situations. A policy that planting exotic species is acceptable in all situations would ignore the extensive evidence of ecological damage done by invasive exotics, and potential conflicts with other land-use or ecological objectives. A policy that planting exotic species is not acceptable in any situation would ignore the usefulness of many species in horticulture, shelterbelts, reclamation of contaminated sites and agro forestry, and also ignore the increasing evidence that new species will be needed to adapt to climate change”. 

According to Harrington et al. (2003) the primary concerns expressed by the green industry centre on a perceived broad-brush approach to the invasive issue. There is fear that national mandates prohibiting the sale or use of certain plant species, in all regions of a country, would be unnecessarily restrictive in some cases. Due to regional climate and environmental differences, species that may be invasive in one region would not be invasive in others, yet national-scale (or federal) regulations would prohibit their use anywhere. There is a preference for regional solutions or mandates to coping with some identified invasive species. Another concern is the exclusion of industry representation on and input in bodies that are involved in developing policy. The industry feels strongly that they must be included in any decision making that affects their business. The preference of the industry (and many non-industry groups, for that matter) is that voluntary standards be established for the industry, coupled with intense and ongoing educational programs for industry people and their clients. The emphasis on a “natives only” alternative to invasive plants by some is also a concern to the industry. While green-industry people grow, sell, and plant native species, the bulk of plant materials in their inventory are made up of non-native species, the vast majority of which are not identified in any way as being invasive. Industry people would prefer that the invasive plant issue and native plant issue be kept separate (Harrington et al., 2003).

For commercial forestry, Eucalyptus spp. and Pinus spp. will remain the foundation of “alien forestry” enterprises worldwide, and options must be sought to reduce invasiveness and to mitigate negative impacts of similar key taxa in sensitive habitats. There is more scope for finding acceptable alternatives for invasive nonnative ornamental tree species (e.g. Acacia spp.), but the nursery trade has substantial financial investments in many countries (Richardson, 2011).

Englemark et al. (2001), in their discussion of exotic lodgepole pine plantation management in Sweden, noted that emotional and ethical factors must be taken into account when considering exotic introductions. Writing in terms of plantations (rather than in terms of ecological transformation, as immediately above), they noted a case for restraint, based on the observation that we already interfere to such a large degree in natural processes and environments. To a degree, landscape also impacts national identity, and large-scale landscape modifications may impair that identity. To limit the impact of lodgepole pine plantations, they therefore recommended the following management techniques that could also be relevant for exotic introductions in the western boreal should we not wish introductions to spread: concentrate introductions in more controllable areas (to restrict unwanted spread); define exotic-free zones; define maximum extent of introductions; monitor. The Swedish experience, being also boreal, is particularly relevant for the western boreal.

Several countries, notably South Africa, are considering “polluter pays” clauses, including possibly the imposition of a levy on timber products to fund management of invasive plants that originate in forestry plantations. In cases where invasions clearly impact the delivery of ecosystem services such as water, levies on the supply of services may be required to ensure sustainable control programs. The situation is somewhat simpler in agroforestry systems, where decisions need to be made about whether any benefits derived from the invasive spread of an alien tree outweigh the reduced value of ecosystem services (e.g., the potential of grazing land in areas infested with Prosopis or Acacia spp.). There is also more scope to use native species or less-invasive alien species as alternatives for highly invasive species. In many cases, options exist for managing invaded areas by manipulating disturbance regimes (e.g., fire cycles, grazing levels) to impede invasion. Improved solutions to problems caused by invasive alien trees lie in better integration of available control methods (Richardson, 2011).

5.2.4 Management options: CAP &Forestry

The essential rules governing rural development policy for the period 2007 to 2013, as well as the policy measures available to Member States and regions, are set out in Council Regulation (EC) No. 1698/2005. Under this Regulation, rural development policy for 2007 to 2013 is focused on three themes (known as "thematic axes"). These are: improving the competitiveness of the agricultural and forestry sector; improving the environment and the countryside; improving the quality of life in rural areas and encouraging diversification of the rural economy (http://ec.europa.eu/agriculture/rurdev/index_en.htm). A new feature for 2007 to 2013 is a greater emphasis on coherent strategy for rural development across the EU as a whole. This is being achieved through the use of National Strategy Plans which must be based on EU Strategic Guidelines. This approach should help to: identify the areas where the use of EU support for rural development adds the most value at EU level; make the link with the main EU priorities (for example, those set out under the Lisbon and Göteborg agendas); ensure consistency with other EU policies, in particular those for economic cohesion and the environment; assist the implementation of the new market-oriented CAP and the necessary restructuring it will entail in the old and new Member States. Forestry is an integral part of rural development and support for sustainable land use should encompass the sustainable management of forests and their multifunctional role [art. 32 Council Regulation (EC) No. 1698/2005].

According to the survey conducted by Sturla (2008) rural development plans (RDPs) may have a specific role in the European Strategy against IAS. They implement management actions at a very local level, tailoring them on the needs of a specific territorial portion. According to the Drivers-Pressure-States-Impacts-Responses (DPSIR) scheme applied to biological invasions; local management is in fact the last step in a chain of responses that summarize the institutional answer to various phases of invasive spread at different scales, from international to local (Hulme, 2007). According to the European Strategy on Invasive Alien Species (Genovesi & Shine, 2003), the involvement of landowners and occupiers in carrying out mitigation procedures on their land is fundamental in order to achieve significant results. RDPs absolve this task and go even further, supporting habitat restoration by mean of agri-environment measures designed to support relief from invasions and supporting the use of native species in degraded ecosystems. A standardization of the measure addressed to trans-boundary habitats could be advisable. 

Fostering cooperation on invasive species pathway management between relevant sectors is essential not only to integrate sectoral inputs but also to ensure an effective approach to this issue. For example, major benefits could be gained from leveraging knowledge and skills within sectors such as environment, agriculture and forestry, which have a long history of managing pests and diseases, and using these to augment the capacity of the environment sector. To ensure that efforts in different institutions do not undermine one another, it is important to adopt at EU level and national level, a unifying policy to guide the adoption of measures across institutions.

5.2.5 Management options: low carbon economy &Forestry

The Europe 2020 Strategy for smart, sustainable and inclusive growth includes five headline targets that set out where the EU should be in 2020. One of them relates to climate and energy: Member States have committed themselves to reducing greenhouse gas emissions (GHG) by 20%, increasing the share of renewables in the EU's energy mix to 20%, and achieving the 20% energy efficiency target by 2020. In order to keep climate change below 2ºC, the European Council reconfirmed in February 2011 the EU objective of reducing greenhouse gas emissions by 80-95% by 2050 compared to 1990, in the context of necessary reductions according to the Intergovernmental Panel on Climate Change by developed countries as a group3. This is in line with the position endorsed by world leaders in the Copenhagen and the Cancun Agreements. These agreements include the commitment to deliver long-term low carbon development strategies. The COM(2011) 112
 final is a key deliverable under the Resource Efficiency Flagship. It presents a Roadmap for possible action up to 2050 which could enable the EU to deliver greenhouse gas reductions in line with the 80 to 95% target agreed. It outlines milestones which would show whether the EU is on course for reaching its target, policy challenges, investment needs and opportunities in different sectors, bearing in mind that the 80 to 95% reduction objective in the EU will largely need to be met internally.
The Commission's analysis shows that by 2050 the agriculture sector can reduce non-CO2 emissions by between 42 and 49% compared to 1990.
Improved agricultural and forestry practices can increase the capacity of the sector to preserve and sequester carbon in soils and forests. This can be achieved, for instance, through targeted measures to maintain grasslands, restore wetlands and peat lands, low- or zero-tillage, to reduce erosion and allow for the development of forests. Agricultural and forestry are also providing the resources for bio-energy and industrial feedstocks, and this contribution is bound to increase further
. Energy, Forestry and biosecurity policies need to be coordinated toward the aim of invasions pathways prevention and management (see also the section on bio-fuel in this report).
5.3 Escape pathway (intentional/unintentional)

Definition: according to Hulme et al. (2008) The term ‘escape’ covers a variety of circumstances that differ in the degree of human intention and range from unforeseen events, such as a flood that washes alien plants from a pond into a river, to an owner who, in clearing weeds from a pond, throws the waste into a neighbouring stream. The escape of alien plants and animals from managed environments is frequent and includes feral crops, livestock and farmed fishes, liberation of animals from fur farms, escapes of ornamental species and disposal of unwanted pets. Although relatively rare on an individual basis, the frequency of escapes is often high because of the large number and widespread distribution of individuals that together present many opportunities for escape. The significance of escapes for the spread of alien plants (aquatic and terrestrial), reptiles, amphibians and mammals (proportionally more so than birds or aquatic animals) illustrates the need for regulation of this pathway (Hulme et al., 2008 – Table 1 therein). In contrast, very few invasions of terrestrial invertebrates originate from escapes. Alien biological control agents used in greenhouses and establishing in the wild may be classified as “escaped”, but since the likelihood of invertebrates and pathogens escaping from greenhouses is very high, these should be better treated as intentional introductions.  , 

Many alien species are not kept in zoos or botanical gardens. Thus, escapes are difficult to regulate unless the responsible parties can be held successfully to account for deliberate or negligent escapes: the location of premises where collections of non-native species are held should be known, the conditions under which they are kept (i.e. the security of their quarters) should be specified and enforced, and escaped organisms should be traceable back to their owners (Hulme et al., 2008). These conditions are not met under any European legislation (Fasham & Trumper 2001). For example, the International Council for the Exploration of the Sea (ICES) has developed a code of practice for movement and translocations of fisheries products and for the introduction of species for culture purposes in order to limit the risk of escapes, yet it has not always been closely followed (Reise, Gollasch & Wolff 1999). 
Under the Wildlife Trade Regulations, four alien vertebrate species are banned from import and movement within  Europe (Miller, Kettunen & Shine 2006). As all four are already established in many parts of Europe, it is questionable how effective these regulations will be in limiting their spread or how such regulations can help prevent the introduction of other alien species. These legislative limits highlight that escapes will continue to be a major pathway for alien species introductions. This probably also explains why escapes represent a main pathway for plants because, even where adult specimens are confined to gardens, it is usually impractical to prevent seed dispersal, while for many animals attempts can be made to impound them securely in a specific location (Hulme et al., 2008).  In fact, wildlife  trade regulation refer to trade and not to conditions of detention, thus it can only be indirectly linked to problem of escapes.
In accordance with terms of reference annexed to COP decision X/38, the AHTEG
 meeting on “addressing the risks associated with the introduction of alien species as pets, aquarium and terrarium species, and as live bait and live food” discussed the provision of scientific and technical information, advice and guidance, on the possible development of standards by appropriate bodies that can be used at an international level to: (1) avoid the spread of invasive alien species that current international standards do not cover; (2) address the identified gaps; and (3) prevent the impacts and minimize the risks associated with the introduction of invasive alien species as pets, aquarium and terrarium species, as live bait and live food. Although this clearly refers to a voluntary introduction pathways, those species are potential candidates for escapes.
5.3.1 Unintentional escape of contained species from zoological gardens

Zoological parks have been associated with an increasingly frequent origin for accidentally released animal species. Such species have become invasive in some cases.

The Association of Zoos & Aquariums (AZA) is a professional organization representing zoological parks and aquariums, primarily located in the Americas. Among its objectives, the Association strives to raise professional standards and to influence continuing development of superior zoological parks and aquariums. According to its 2011 Edition of the “Guide to accreditation of zoological parks and aquariums” the so called collection incidents include the “escape of a dangerous animal or mass escapes of any species within the zoo or during transport”.
The European Association of Zoos and Aquaria
 provides management guidelines to reduce/avoid escapes. The logic of these guidelines is mainly focusing on the point of view of public safety. Nevertheless useful suggestions are provided (e.g. “… trees within or near animal enclosures to be regularly inspected and lopped or felled as appropriate to reduce the risk of animals being harmed by falling branches or using trees as a means to escape …”).
The Zoo Licensing Act 1981 requires the inspection and licensing of all zoos in Great Britain.  Responsibility for the day-to-day operation of the licensing system and implementation of the Act rests with local authorities (http://www.defra.gov.uk/wildlife-pets/zoos/licensing-act.htm). 

The Zoo licensing Act (Amendment) (England and Wales) Regulations 2002 amend the Zoo Licensing Act 1981. The amendment Act gives force to European Council Directive 1999/22/EC
, which deals with the keeping of wild animals in zoos. 

The Zoo Licensing Act already implements many of the measures in the Directive such as the provision of proper accommodation and care for the animals; keeping up-to-date records and taking appropriate measures to prevent escapes. But the requirements that zoos participate in conservation and education activities is new. Although most zoos already do this, now that the legislation is in place, it has become a statutory requirement. (http://www.defra.gov.uk/wildlife-pets/zoos/licensing-act.htm).

In the Secretary of State’s Standards of Modern Zoo Practice
 (Department of the Environment, Transport and the Regions, UK, 1999) in Section 2, (pages 20-22)
 information and guidelines are provided to mitigate escape risks.

The Council of Europe/Bern Convention has in preparation a “Code of conduct on Zoological Gardens and Aquaria and invasive alien species in Europe” (by R. Scalera, in preparation).

5.3.2 Unintentional escape from Botanic Gardens and Arboreta
According to Hulme (2011, and references cited therein) Increasing evidence highlights the role that Botanic Gardens (and Arboreta) might have in plant invasions across the globe. Botanic gardens, often in global biodiversity hotspots, have been implicated in the early cultivation and/or introduction of most environmental alien listed by IUCN as among the worst invasive species worldwide. Furthermore, most of the popular ornamental species in living collections around the globe have records as alien weeds. Voluntary codes of conduct to prevent the dissemination of invasive plants from botanic gardens have had limited uptake, with few risk assessments undertaken of individual living collections. 
The potential risks posed by their living collections have not escaped the attention of botanic gardens. In 1999, the ‘Chapel Hill Challenge’ was launched as a voluntary code of ethics for botanic gardens and arboreta in the USA that included requirements to perform risk assessments on new plant material, remove invasive plants from collections as well as plant sales, control invasive plants in botanic gardens and develop alternatives to alien plant species in collections (Hulme, 2011 and references cited therein). In 2002, a similar set of voluntary guidelines, the “St Louis Declaration
”, was launched that, although having specific goals for botanic gardens, targeted the entire horticultural industry (Baskyn 2002). The effectiveness of these voluntary codes of practice do not appear particularly strong, with only ten out 461 botanic gardens in the USA having endorsed the St Louis Declaration (Hulme, 2011).
Although some botanic gardens have opted out of the Index Seminum (e.g. Chicago Botanic Garden
), it still represents a major global network of seed exchange among botanic gardens (Hulme, 2011) and between them and Universities or other research centres. For example, with regard to the situation in Europe, several invasive alien species are listed in the I.S. of the Madrid Botanical Garden
, in the I.S. of the Orto Botanico of Napoli
 (Italy), in the Hortus Botanicus Berolino – Dahlemensis (BGBM
; Berlin, Germany), but with no specific remark on the invasive or potential invasive status of these species. In addition, the International Plant Exchange Network
, which supports exchange of material among botanic gardens, places no restrictions on whether a species might be invasive (Hulme, 2011).

According to the Voluntary Codes of Conduct for Botanic Gardens and Arboreta (as part of the St. Luis Declaration) if an institution participates “in seed or plant distribution, including through Index Seminum” it should not distribute “known invasive plants except for bona-fide research purposes, and consider the consequences of distribution outside its biogeographic region. Consider a statement of caution attached to species that appear to be potentially invasive but have not been fully evaluated”.

Galera & Sudnik-Wójcikowska (2010) have studied the role of central European botanic garden as centres of dispersal of alien plants, and their results account for a 3% of escapees from a sample of 8 botanical gardens in Poland.
The International Agenda for Botanic Gardens in Conservation
 addresses the problem of invasive alien plants (Sections 2.9 and 2.11 and GSPC Target 10). This specific concern of botanic gardens is highlighted in the 2010 Targets of botanic gardens which requires that “All botanic gardens carry out invasive species risk assessments of their collections and management practices” (Target 11: 2010 Targets for Botanic gardens) and “Botanic gardens contribute to best practice for control programmes for at least 100 major invasive species that threaten plants, plant communities and associated habitats and ecosystems” (Target 11: 2010 Targets for Botanic gardens).
The fundamental elements for a sustainable botanic garden strategy that balances the risk posed by alien species against the educational, commercial and aesthetic benefits of diverse living collections are already espoused in the St Louis Declaration. (Hulme, 2011).
Risk assessments of existing living collections are of paramount importance to prevent potentially invasive species spreading from botanic gardens. The Australian Weed Risk Assessment protocol has been successfully applied to assess the risks of living collections in the USA, Tanzania and Australia (Hulme, 2011 and references cited therein). However, risk scores should be moderated using information of the number and performance of individual plants in living collections, as well as the likelihood of escape and the vulnerability of the surrounding environment to invasion. Risk management options to limit spread could then be implemented, which might include removal of the species from collections. However, if an invasive species present in living collections is already widespread in a country, local management will only be relevant if part of a national strategy.
Finally, A stronger global networking of botanic gardens to tackle biological invasions involving public outreach, information sharing and capacity building is a priority to prevent the problems of the past occurring in the future (Hulme, 2011).

The Council of Europe/Bern Convention has in preparation a Code of conduct on Botanical Gardens and invasive alien species (by V. Heywood, in preparation).

5.3.3 Horticulture as a Pathway for Invasive Plant Species
[with a contribution by S. Brunel, EPPO]

Horticultural pathways for potentially invasive plant species include the introduction of exotic plant species (or their propagative parts, such as seeds) for botanical gardens and arboreta collections, sale by nurseries and garden centres, and horticultural society exchanges (Reichard and White, 2001). The horticulture industry itself consists of plant growers, distributors, and sellers as well as landscape designers and installers.

In Europe, it is estimated that more than 60% of the naturalised alien plants have been voluntarily introduced, and international trade is increasing yearly (DAISIE, 2009
). Many of those introduced for ornamental purposes are now ranked and invasive alien species, As few legislation and management programmes are in place for this pathway, voluntary measures to tackle the problem and raise awareness among the horticultural sector and the public could therefore be considered.
EPPO and the Council of Europe therefore published a Code of conduct on horticulture and invasive alien plants (EPPO, 2009; Heywood & Brunel, 2009). 
The provisions of the Code consist in providing information and recommendation on the following points, covering all aspects of introduction, production and sale of plants: (1) be aware of which species are invasive in your area; (2) know exactly what you are growing: ensure that material introduced into cultivation is correctly identified; (3) be aware of regulations concerning invasive alien plants; (4) work in co-operation with other stakeholders, both in the trade and the conservation and plant protection sectors; (5) agree which plant species are a threat and cease to stock them or make them available; (6) avoid using invasive or potentially alien plants in large scale public plantings; (7) adopt good labelling practices; (8) make substitutes for invasive species available; (9) be careful how you get rid of plant waste and dispose of unwanted stock of plants and plant-containing waste; (10) adopt good production practices to avoid unintentional introduction and spread; (11) engage in publicity and outreach activities; (12) take into account the increased risks of alien plant invasions due to global change. 

Governments should consider regulation and voluntary approaches as complementary strategies and not self-excluding mechanisms, presenting voluntary measures as a first step that, if not successful, may lead to a regulatory approach. 

The success of such initiative depends on its implementation at the country level. So far, Belgium and the Netherlands are implementing such Code of conduct.
It is important to remark that “Horticultural pathways” s.l. are in fact, a complex aggregate of pathways, e.g. with relationships at least with the voluntary release pathway, the escape pathway, the contaminant pathway
.
5.3.4 Unintentional escape of biofuel species

European energy consumption is strongly dependent on fossil fuels (especially in the transport sector), including a significant amount of imported oil and gas. The transport sector is forecast to grow more rapidly than any other up to 2020 and beyond. And the sector is crucial to the functioning of the whole economy. In this framework, the Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009 promotes of the use of energy from renewable sources (amending and subsequently repealing Directives 2001/77/EC and 2003/30/EC). Article 68 states that: “It is appropriate to monitor the impact of biomass cultivation, such as through land-use changes, including displacement, the introduction of invasive alien species and other effects on biodiversity, and effects on food production and local prosperity. The Commission should consider all relevant sources of information, including the FAO hunger map. Biofuels should be promoted in a manner that encourages greater agricultural productivity and the use of degraded land.
As remarked by Genovesi (2010), one aspect that has been scarcely considered in the European context, is the potential increase in invasions that biofuels may cause. In fact, biofuel crops have many biological traits in common with invasive species, given they are selected for their adaptability to poor quality habitats, rapid growth, high seed production, resistance to pests. The danger that biofuel crops will cause an increase in biological invasions have been highlighted by several organisations, including IUCN, and has been also acknowledged in the decision on ‘Biofuels and biodiversity’ adopted by the 10th Conference of the Parties of the Convention on Biological Diversity. And this potential is particularly alarming in the European context, because the ambitious targets agreed by the EU institutions not only will cause a further increase in the introduction of alien species into this region, but also because the large scale planting of biofuels will create an exceptionally high propagule pressure on the European natural and semi-natural ecosystems (Genovesi 2010 and reference cited therein)
The IUCN Guidelines on Biofuels and Invasive Species
 highlighted that, for preventing the introduction of pests associated with biofuels, it is crucial that import of feedstocks and propagules is based on a robust quarantine system, taking into account both the phytosanitary aspects, and key ecological principles.
Considering that no risk assessment can ensure zero risk, any policy on biofuels should also include the establishment of framework for early warning and rapid response to new invasions (Genovesi 2010). Cf. Also the EPPO recommendation on biofuel and invasive alien plants, and the Council of Europe / Bern Convention (Convention on the Conservation of European Wildlife and Natural Habitats) recommendation
.

5.4 Contaminant pathway (unintentional)

Many IAS are not intentionally transported but arrive as a contaminant of a commodity. For example, most alien plant pests and pathogens are introduced as contaminants of live plants and plant products (including, e.g., fruit, vegetables, stored products, cut flowers, timber, etc.). Another example of a contaminant pathway is weed seed transported with international grain shipments and introduced into the wider environment through agricultural activities (Hulme 2005). While the commodity is introduced intentionally, the contaminant is introduced unintentionally. Commensal species are also often introduced as contaminants, as illustrated by seaweeds and crustaceans attached to oysters traded for mariculture (Hulme et al., 2008 and references cited therein). A key attribute of the contaminant pathway is that both the occurrence and associated species traits can be partially predicted from a knowledge of the commodities themselves. The magnitude and trend in the trade of particular commodities, such as agricultural products, timber products and aggregates, may provide a proxy for estimating the potential propagule pressure of specific contaminants (Hulme et al., 2008)
5.4.1 Contaminant pathway for alien arthropods and pathogens in Europe
[With a contribution by Marc Kenis, CABI Europe]

The majority of alien terrestrial invertebrates established in Europe are phytophagous species that have been introduced with specific commodities, in particular life plants, plant products, stored products and wood-packaging materials (Kenis et al., 2007; Rabitsch, 2010). This is also the main pathway of introduction of alien fungi and other pathogens (Desprez-Loustau, 2009).
Stored product pests are translocated with the movements of the products and many species have subsequently achieved a cosmopolitan distribution. In Europe, 201 alien insect species (12%) were introduced as stored product pests, feeding on a variety of food sources (e.g. cereals, rice, seeds, nuts, fruits) with considerable economic damage. Similarly, most alien agricultural pests and pathogens in Europe have probably been introduced with their host plant, e.g. the grape vine phylloxera Viteus vitifoliae and the potato blight Phythophtora infestans. However, nowadays, a major pathway of introduction of plant pests and pathogens is undoubtedly the horticultural and ornamental trade (plants for planting, cut flowers, etc.) (Kenis et al., 2007; Desprez-Loustau, 2009; Roques et al., 2009). Among the best known examples are the Citrus longhorned beetle Anoplophora chinensis, which has repeatedly been reported infesting Bonsais and maple saplings imported from China, or the oomycete Phythophtora ramorum, causal agent of sudden oak dead and widely spread in European nurseries by the trade of ornamental shrubs such as Viburnum spp. and Rhododendron spp. 
Some alien insects are typically introduced by wood packaging material, for example the Asian longhorned beetle Anoplophora glabripennis (Haack et al. 2010 ). Recognizing the relevance of this vector enforced adoption of the International Standard for Phytosanitary Measures No. 15, which sets standards for thermal and chemical treatment of wood packaging material used for international trade. Although now found in lower numbers, living beetles are still being intercepted, indicating some gaps in this procedure (Rabitsch, 2010). 
Roques (2010) assembled examples of the possible introduction of alien insects during major international events such as the 2004 Olympic Games in Athens, where imported palm trees were widely planted and coincided with the first arrival of the red palm weevil Rhynchophorus ferrugineus.
Traded animals can also be contaminated by alien species. For example, many haematophagous alien ectoparasites (e.g., Siphonaptera, Phthiraptera, Ixodidae) are transported by their hosts and serve as reservoir, carriers or biovectors of human and animal infectious diseases. Moreover, phytophagous alien arthropod species (e.g. Hemiptera) may transmit plant pathogens (e.g. phytoplasmas, viruses) (Rabitsch, 2010)
. 
Well known examples of alien animal diseases introduced as contaminants of traded alien animals and subsequently threatening native species include the fungi Aphanomyces astaci, the agent of crayfish plague, brought to Europe on American crayfish, and  Batrachochytrium dendrobatidis, carried by the American bullfrog and implicated in global amphibian declines (Desprez-Loustau, 2009)
5.4.2 Contaminant pathway for plant pests and pathogens: management options and recommendations
[With a contribution by Marc Kenis, CABI Europe]

While the contaminant is introduced unintentionally, the commodity itself is introduced intentionally and, thus, is more suitable for regulation than the pest. The EU Common Plant Health Regime (CPHR) based on the Planth Health Directive  provides a regulation of quarantine alien pests (Harmful organisms in the CPHR). The insertion of a pest in such lists must be justified by a pest risk analysis (PRA). EPPO recommends further pests for regulation, based on a PRA. The CPHR establishes protective measures against the introduction into the EU and the intra-EU spread of organisms harmful to plants or plant products. The main focus is on agriculture and forestry although plant pests with environmental impacts are increasingly considered. A major feature of the European plan health system is that it focuses on target pests rather than on pathways of introduction. As a result, PRAs and protective measures, including inspections at borders of entry, focus on regulated pests only. In many cases, PRAs tend to be retrospective and triggered by the arrival of a pest outside its home range and which is already causing problems in a new location, including the PRA area. However, many of the major plant pests and diseases were not, or poorly known before invading new areas and, thus had never been the target of PRAs. For these reasons, strategies against alien plan pests should rather focus on specific pathways risk analysis, which is the analysis of a set of sequential events along a pathway that affect phytosanitary risk, and how risk management options can mitigate that risk. Many other countries and regions (e.g. USA, Australia, …) have already largely shifted from individual pest risk analyses to pathway analyses. These, however, are often calculated on a species-based analysis by combining risks of introducing each particular species that may be transported through these pathways, assuming that unknown pests would also be eliminated by the same treatments imposed to mitigate the known quarantine pests, which will not be the case of all commodities. Proper pathway assessments rely on high-quality interception data, which are usually lacking. Interception data in Europe are strongly biased according to detection priorities, which depend on pest or commodities of current concern (i.e. harmful organisms). In addition, there are large discrepancies among countries, ports of entries, etc. Furthermore, present interception data are not statistically robust because there only contain positive data, whereas to fully analyse pathways and rates of introduction, negative interceptions also need to be recorded (Kenis et al., 2007). More studies should focus on specific pathways, using a scientific approach that will produce statistically robust data (Work et al., 2005). 

IPPC is increasingly developing ISPMs that focus on pathway management. For example, ISPM 15 (Regulation of wood packaging material in international trade) describes phytosanitary measures that reduce the risk of introduction and spread of quarantine pests associated with the movement in international trade of wood-packaging material made from raw wood (FAO, 2009 ). The wide adoption of this standard significantly reduces the exchange of known and unknown pests via this pathway worldwide. An ISPM and an EPPO study on plants for planting, a major pathway of introduction for plant pests, is in preparation. Such pathway approaches need to be encouraged, including in the CPHR. 

Additionally, development (and coordination) of legislation and codes of practice could address importers for commodities, transport organizations etc. Other possible actions are: recognize the costs associated with introductions via trade of invasive alien species; minimize MS’ dependence on inspections. For example, ensure that those responsible for the movement of commodities are motivated to reduce the likelihood of introduction of invasive alien species as contaminant; institute additional measures to prevent the introduction (and establishment) of invasive alien species, including, for example, requiring more detailed documentation of the country (and region) of origin of specific materials, or mandating the use of products other than solid wood packing materials; encourage the involvement of regional organizations in the development of regional and international standards for materials security; ensure that existing and future bilateral and regional free trade agreements provide sufficient leeway to develop the sanitary, phytosanitary and zoosanitary measures necessary to prevent the introduction of invasive alien species.

5.4.3 Seed contaminant

Seed contamination occurs e.g., when seeds of an undesirable plant species (usually a ‘‘weed’’) are mixed with seeds collected and packaged for commercial (e.g., agriculture or horticulture) application. If not culled, the undesired seeds might be inadvertently planted and impact production capacity, as well as the natural environment ( et al., 2007a). Hereafter, of course, we focus on the contamination of seeds by invasive alien plants  of by other alien pests.

Hulme et al. (2008) remark that the ‘Cereal Seed’ Directive has established seed certification schemes to ensure imported seed meets prescribed standards of freedom from ‘weed’ seeds, but these instruments can never be 100% effective. Certification guarantees at most 99·9% seed purity and thus, even today, cereal seed samples can be contaminated by alien species (Hulme 2005). Given the large numbers of seed sown each year this is significant in terms of overall propagule pressure. Legislation and codes of practice should be supported by an early warning and rapid response system. The initiative from the Netherlands could be presented here: http://www.q-bank.eu/Plants/DefaultInfo.aspx?Page=opening_seeds

Importing seeds individually and in mixtures is one of the primary pathways of introduction of invasive plants to Canada and BC
 and, therefore, one of the most critical pathways to target for prevention in those regions.

5.5 Stowaway pathway (unintentional)

The arrival and entry of IAS can be associated directly with human transport via one or more vectors (e.g. ship, train, aircraft and automobile) but be independent of a specific commodity. Such introductions are classed as stowaways, cf. to hide in a vehicle, ship or aeroplane in order to travel without permission. Stowaways include organisms that foul the hulls of ships, are transported as seeds or resting stages in soil attached to vehicles and in ballast water, as well as in shipping containers, cargo and airfreight. In contrast to contaminants of commodities, the stowaway pathway is defined more by the tempo and mode of transport, which may provide a proxy for propagule pressure, rather than any specific attributes of a commodity (Hulme et al., 2008 and references cited therein).
5.5.1 Ballast water

Prior to the 1880s, ships used solid ballast materials such as gravel, stones and sand (including wet sand–semi-dry ballast), which had to be manually shovelled into cargo holds, and similarly discharged when cargo was to be loaded on board. If not properly secured, solid ballast was prone to shifting in heavy seas causing instability
 In port regions, stone ballast was stored in heaps on the shore, known as ballast banks from where it was collected or deposited. Regulations prevented the dumping of solid ballast in ship channels. The loading and unloading of the solid ballast was labour intensive, and it was not until the late 1870s that water was used extensively as ballast. The more ballast a ship contained, the longer it took to load and unload the ship’s ballast. An alternative to traditional ballast was needed. Eventually, ships began to use water, which took much less time to unload than sand and gravel. Dry and semi-dry ballast is either rarely or no longer used with conventional shipping. Ballast water is needed to provide stability and manoeuvrability during a voyage when ships are not carrying cargo, are not carrying heavy enough cargo, or require more stability due to rough seas.
With the expansion of volume and density of international shipping the transfer of harmful aquatic species in ships' ballast water tanks has become the most significant pathway of unintentional introductions of invasive alien species into marine ecosystems (http://www.emsa.europa.eu/). Canada and Australia were among the first countries to experience particular problems with harmful aquatic species, and they brought their concerns to the attention of the International Maritime Organization's (IMO) Marine Environment Protection Committee (MEPC) in the late 1980's. Shortly thereafter, the United Nations Conference on Environment and Development (UNCED), held in Rio de Janeiro in 1992, recognized the issue of invasive species as a major international concern. In 1997 the MEPC adopted Guidelines to address the problem in the form of “Guidelines for the Control and Management of Ships' Ballast Water to Minimize the Transfer of Harmful Aquatic Organisms and Pathogens” (MEPC resolution A.868(20). 

The International Convention for the Control and Management of Ships' Ballast Water and Sediments (BWM) was adopted on the 13 February 2004
. The Convention aims to prevent the potentially devastating effects of the spread of harmful aquatic organisms carried by ships' ballast water from one region to another. It requires all ships to implement a Ballast Water and Sediments Management Plan. All ships will have to carry a Ballast Water Record Book and will be required to carry out ballast water management procedures to a given standard. Existing ships will be required to do the same, but after a phase-in period. Parties to the Convention are given the option to take additional measures which are subject to criteria set out in the Convention and to IMO guidelines.

5.5.2 Hull fouling (biofouling)

Shipping activities present a number of diverse vectors, by which IAS may be transported including ballast water, ballast sediment, cargo and fouling of the sea-chest and of numerous external surfaces (hereafter generalized as ‘hull fouling’). Hull fouling is recognized as a very important vector of introduction, having played a central role in introduction of aquatic IAS to many coastal, marine habitats. The importance of this vector reflects the many centuries of marine shipping by wooden and later steel-hulled vessels, the large number of vessels engaged in global trade and the large surface areas available to be colonized by IAS. Despite this, hull fouling typically has not been included in government invasive species management programmes, Australia being an exception (Sylvester & MacIsaac, 2010 and references cited therein).

Recreational vessels were considered less likely to support extensive fouling accumulations due to a frequent cleaning regime, their relatively fast speed, and those on long voyages were unlikely to reside for long periods of time (>30 d) in any single port. However, recreational boating can be responsible for the spread of non-native species, especially on a local scale and in freshwater habitats. It is the local, secondary spread within a country or region that will ultimately determine the extent of the economic and environmental impact of a IAS. The proliferation of marinas for recreational vessels over recent decades is a worldwide phenomenon and recreational vessels have become increasingly implicated in the spread of marine IAS (Ashton et al., 2006 and references therein). 

In New Zealand, MAFBNZ
 intends to establish controls on this pathway by which vessels, assessed as above an agreed risk threshold on arrival, will be required to be cleaned in approved facilities. These facilities are likely to be boat yards/marinas that can haul vessels out of the water but MAFBNZ is also interested in alternative options that may be used to treat fouled vessels. Several reports have been produced, e.g. describing the design, operation and costs associated with a reusable floating enclosure that can fit around a range of yacht hull shapes in order to kill all biofouling organisms through anoxia or from the addition of chemicals or a combination of these. Ideally, this type of system can be developed to the stage where a system can be easily installed at a point of departure (i.e. Tonga/Fiji) or into a port of first arrival in New Zealand. 

In New Zealand, hull cleaning guidelines, review of options for in water cleaning of ships etc. have been introduced (http://www.biodiversity.govt.nz/seas/biosecurity) and developed. Australia has also implemented successful control procedures at man-made marinas and has protocols in place for the management of future non-natives. 

European coastal areas, and inland waters, should be prepared to implement similar management procedures. Consideration of recreational boating as a vector for marine non-natives must be included in all proactive management plans for marine IAS (Bax et al. 2002).

During 2011, IMO’s BLG sub-committee
 has further advanced the work on bio-fouling of ships. The Sub-Committee approved the draft MEPC resolution on Guidelines for the control and management of ships' biofouling to minimize the transfer of invasive aquatic species. The Sub-Committee endorsed the decision of the group to include all ships within the scope of the Guidelines for the control and management of ships' biofouling to minimize the transfer of invasive aquatic species and to develop a separate guidance document that provides advice for owners and/or operators of recreational craft less than 24 metres in length based on annex 3 to document BLG 15/9 (New Zealand).

The Sub-Committee noted that, due to time constraints, the group was unable to finalize the discussion on the time frame, criteria and process for evaluating the effectiveness of the Guidelines and to consider the term of reference relating to the potential need for guidance on the disposal of in-water cleaning material to land-based facilities. In light of the considerable time needed to finalize the work on this output, the Sub-Committee agreed to re-establish the Ballast Water and Biofouling Working Group at BLG 16 with the terms of reference set out in annex 4 to document BLG 15/WP.4.

5.5.3 Transport infrastructures and travellers’ pathway

Many alien terrestrial invertebrates enter new areas as stowaways in transport infrastructure (e.g. containers in ship, train, aircraft and automobile), independently of a specific commodity (Rabitsch, 2010). In particular detritivorous and predatory insects easily travel in any kind of container (Kenis et al 2007). Typical alien insect stowaways are tramp ants, cockroaches and mosquitoes. This pathway category represents special challenges for management and legislation because of the multitude of vectors and commodities potentially involved and because establishing barriers against such introductions cannot be completely effective. In contrast to the wide range of legislation targeting alien introductions through trade in commodities, the regulatory background to prevent introductions through stowaways is negligible (Hulme et al., 2008). However, without legislation and new codes of practices involving the carrier’s responsibility, the importance of this pathway will undoubtedly increase since trade and travel are increasing.  

According to Liebhold et al. (2006) given the tremendous increases in global air passenger travel, there is a need to better characterize the extent to which air passenger baggage serves as an invasion pathway for alien species. Many countries expend large sums of money to screen baggage, but it is not clear whether these efforts are justified. According to the cited Author, considering the destructive nature of alien species invasions, it is likely that increased scrutiny of passenger baggage would be a cost-effective strategy to reduce future invasions and minimize the costs involved with impacts and eradication. In contrast to the United States, New Zealand and Australia have much more aggressive baggage inspection programs. All baggage of air passengers entering these two countries is subjected to an X-ray scan for contraband quarantined goods, and this effort yields a much higher rate of interception of plant pests than the current inspection program in the United States (New Zealand Ministry of Agriculture and Forestry 2002, cited in Liebhold et al., 2006). These data indicate that fruit in baggage
 is as an important pathway for the arrival of alien insects, especially for exotic Homoptera and Diptera. These infested fruits appear to be most commonly found in the baggage of passengers arriving from developing countries. The more detailed analysis of Mediterranean fruit fly (Ceratitis capitata) entry indicates that this species is entering the country primarily by way of infested fruit and reaches its maximum during the late summer and fall months. 
Travellers’ pathway has been recently assessed in the framework
 of the EPPO PRA on Bactrocera invadens, a  fruit fly originating from Asia (the species can be transported in infested fruit), that was reported for the first time in Kenya in 2003, and that to date has invaded 32 Sub-Saharan African countries. 

Soil carried on the footwear of passengers arriving at international airports carries potential hazardous organisms, such as bacteria, fungi, nematodes and seeds. To mitigate these hazards, the Ministry of Agriculture and Forestry Biosecurity New Zealand (MAFBNZ) requires passengers to declare any footwear that has been worn on farms, hiking or playing sport, and will clean footwear based on the degree of contamination. Overall, there is a general lack of biosecurity awareness among overseas tourists but education that aims to raise awareness and change behaviour prior to departure is seen as a cost effective tactic to reduce the arrival rates of at-risk items including contaminated footwear (McNeil et al.
). For example, these Authors reports that used fishing waders and socks have been implicated in the arrival of the invasive freshwater algae didymo (Didymosphenia geminate) from North America to New Zealand. Currently, the main approach to raising awareness of biosecurity among passengers is through the Passenger Arrivals Card, which requires the declaration of any biological material, outdoor sport and hiking shoes, tents and equipment that have been in contact with animals, plants and water. While the card is available in several languages on the internet (New Zealand Customs Service 2008), it is suggested that a tourist’s first encounter with information on New Zealand’s biosecurity requirements is generally on the aircraft or ship as it leaves the last departure airport or approaches the harbour.
Awareness program to inform the travelling public may alleviate the level of uninformed travellers, as they often claim to be not familiar with import requirements (e.g., In Australia, cfr Stanton 2004).
In New Zealand, currently, all checked-in bags are x-rayed for security reasons and given an individual identity tag before being loaded onto planes. With x-ray image transfer, biosecurity checks are made while planes are in the air, rather than on arrival at the airport. Under the system, images taken at check-in would be transferred electronically, e.g. from Australia to New Zealand where MAFBNZ staff would screen them for biosecurity risk before planes land. Once in New Zealand, passengers would be able to claim their bags and proceed through the biosecurity area. The x-ray transfer initiative would join other tools MAFBNZ continues to use to prevent biosecurity risks entering New Zealand, including risk profiling, physical searches, detector dogs, public education campaigns, amnesty bins, declaration cards and infringement fines (Biosecurity magazine 2010, n. 100).

The International Civil Aviation Organization has recognized that airplane travel can serve as a pathway for the movement of invasive alien species and has called for further work and collaboration on the topic. [http://www.icao.int/icao/en/jr/2007/6201_en.pdf]. As a matter of fact, species may be moved in several ways including inside the aircraft cabin, where they may be present on passengers’ clothing; inside checked or carry-on luggage, either intentionally or not; as stowaways in cargo holds, wheel wells and other aircraft parts; and in association with particular

types of cargo, including packing material. ICAO Assembly Resolution A35-19
, adopted in 2004, reflects a commitment by ICAO member States to support one another’s efforts to reduce the risks of introducing potentially invasive alien species through civil air transport. The same resolution also requested the ICAO Council to develop guidance material and, if appropriate, standards and recommended practices (SARPs) to assist Contracting States in reducing the risks of introducing potentially invasive alien species, and to continue working with appropriate organizations on this issue. In early 2005 ICAO urged its member States to forward the “best practices” followed by the various national agencies involved in agriculture, horticulture, customs,

quarantine and health matters for preventing the introduction of invasive alien species by air. The parties to the CBD (COP 8 Decision VIII/27) have identified civil air transport and tourism as particular pathways for invasive alien species — one that has obvious links to civil aviation. This has encouraged the World Tourism Organization, IATA, and other relevant international organizations to promote public awareness of the role of tourism as a pathway for the introduction and spread of invasive alien species. One way to educate the public in this regard is through the development of codes of practice (Djoghlaf, 2007). GISP collaborates with ICAO on development of best practice guidance for aviation pathways but this work is currently on hold due to lack of funding. (IEEP report, page 17, IX).
5.6 Dispersal through Corridor pathway (unintentional)

Definition: the corridor pathway refers to the introduction of aliens into a new region following the construction of transport infrastructures in whose absence spread would not have been possible. Although anthropogenic corridors may simply facilitate the spread of species within a political territory, they may on occasion connect previously isolated biogeographical regions where the likelihood of environmental impacts might be greater. Such trans-biogeographical corridors include canals (connecting river catchments and seas), tunnels (linking mountain valleys) and bridges (between islands and mainlands) [Hulme et al., 2008 and reference cited therewith].

5.6.1 How to manage corridor pathways?

Can corridor pathways be managed to limit rates of invasion? According to Hulme (2009) this requires the disentangling of the effects of natural and human-mediated spread. Where rates of human-mediated spread are high and the vectors known, a strategy similar to the management of stowaways may be appropriate. For canal corridors, ensuring high maintenance standards for anti-hull fouling measures as well as bilge and ballast water discharges would be valuable. Such measures are less straightforward to adopt for road and rail vehicles. For natural spread along corridors, the environment may be managed to limit spread. This is probably easier in terrestrial than aquatic ecosystems.

Roads, railways and canals represent potential corridors along which alien species may spread as a direct result of the transit of goods and vehicles, as well as indirectly through the local modification of the neighbouring environment by these infrastructures that can facilitate species establishment (Hulme et al. 2008, Hulme 2009). Although often seen as playing a role in the conservation of native species, such corridors may also facilitate the spread of alien invasive organisms (Hulme 2006). Roads are high-risk sites for the introduction and spread of invasive plants. Transporting seeds and plant propagules by vehicles (Lonsdale and Lane 1994), and removing vegetation and mixing soil during road construction and maintenance, provide ideal conditions for the introduction, germination, and establishment of alien weeds. Road corridors are also prolific sources of propagules that may be carried to other locations (Tyser and Worley 1992) or that may colonize adjacent vulnerable habitats (Ferguson et al., 2003). The adhesive association of propagules to the surface of vehicles can occur accidentally along the whole route of a vehicle’s journey (Kowarik & von der Lippe 2007) and can be variable according to different factors (including the season). The attachment of propagules to cars has been confirmed through analyses of seed samples from the surface of cars and it is mediated by mud (Clifford 1959; Hodkinson and Thompson 1997). The efficiency of propagule reception by vehicles (including agricultural machinery) depends on exposure to potential seed sources. Thus, cars which were driven in rural surroundings and on unpaved roads had much higher seed contents than cars from urban areas and paved roads (Hodkinson and Thompson 1997). Although not tested experimentally, it can be assumed that the attachment potential of propagules to trains is lower than that for cars, as direct contact to seed sources is limited in the former case. Various parts of vehicles, such as the tires, wheel arches, tire wells, hood and trunk grooves and window washer grooves, can support the accumulation of mud and seeds on the surface of vehicles (Hodkinson and Thompson 1997 cited in Kowarik & von der Lippe 2007, as in the above cases).

The rapid progression of an invasive genotype of common reed [Phragmites australis (Cav.) Trin. ex Steud] along roads and other linear infrastructures in North America provides one of the most spectacular examples of the role of transportation corridors as invasion pathways. Frequent disturbances in roadsides combined with potentially high levels of nutrients from adjacent land and stress conditions (from deicing salt and other pollutants) mimic the conditions unfortunately found more and more in natural wetlands. Whereas reed dispersal along roads was thought to be largely due to rhizome transport, new evidence suggests a significant contribution of sexual reproduction and seedling establishment, likely enhanced by climate warming at northern latitudes. The fact that common reed possibly provides water treatment and other ecosystem services in roadsides must be carefully weighed against the threat to biodiversity in natural systems. All this begs for investigating urgently if, where, and how we should intervene without compromising the great value of wetlands of conservation interest intersected by roads (Brisson et al. 2010).

5.6.2 Best management practices for roads (and railways)
In the US, the Forest Service Manual 2080 directs the development and coordination of the Forest Service noxious weed program. Each forest and district is directed to appoint a noxious weed coordinator and develop and implement a noxious weed management program. The Northern and Intermountain Regions have implemented region-wide in the form of best management practices (BMPs) for reducing or eliminating the spread of weeds through Agency activities.

According to Minnesota’s Noxious Weed Law (Minnesota Statutes, sections 18.75 to 18.88 and Minnesota Rules, parts 1505.0730 to 1505.0760), all agencies shall control prohibited noxious weeds on the roadside or right-of-way at a time and in a manner ordered by the Commissioner of Agriculture or local weed inspector. It is unlawful to neglect, fail, or refuse to comply with a notice to control noxious weeds. Plants identified as “noxious”, either by the state of Minnesota or by individual counties, are listed and may change periodically. In the Minnesota BMP manual (Johnson 2008), Chapter 5, several guidelines are reported for weeds (and can, of course be applied to alien invasive plants), such as: (1) thoroughly clean maintenance equipment after working in infested areas. This includes mowers or blading equipment. Cleaning should include power washing, and all runoff water should be contained and disposed of; (2) stockpile any materials or cuttings removed from infested areas. Dispose of this material; do not reuse it; (3) make sure that all materials brought on site are certified weed (alien) free. This includes seed and aggregate materials. If there is not a certification program in your local area, create one; (4) When working in a weed-infested area, control traffic if possible. Traffic travelling through the area can easily pick up and transport weed fragments and seeds; (5) insist that all equipment brought on site is clean and weed-free, (6) remove the minimum native cover when working in an area. If you encounter a weed infestation, remove the area using hand tools, if practical. Minimize disturbance to native cover. Dispose of infested materials so as to not infect additional areas, (7) frequently inspect equipment storage areas for weeds. Remove any weeds that are present.

In Australia, the VicRoads Agency is responsible for maintaining and improving the condition and performance of Victoria's 22,240 km of arterial roads and 4.924 bridges and major culverts as specified in the Road Management Act 2004. It is also responsible for the implementation of pest management as defined under the Catchment and Land Protection Act 1994 on roads under its management. Section 20(2) of the Catchment and Land Protection Act 1994 states that a land owner must take all reasonable steps to prevent the spread of regionally controlled weeds and established pest animals on a roadside that adjoins the land owner's land. There is a range of exemptions including for freeways and arterial roads, which are managed by VicRoads. Section 37(1) of the Road Management Act 2004 defines the responsible road authority for the management of a road, which includes VicRoads in a range of situations. VicRoads, in partnership with other stakeholders, also implements strategies to ensure sustainable roadside biodiversity (Environmental Weeds Working Group, 2007).

Additional information is provided for South Africa by Esler & Milton (2006) in “Towards best practice in management of road, power line and rail reserves”. 

Best management practices for roads (and railways) should be considered also as Codes of construction practices
. A CoCPs usually defines project management, design and construction arrangements to control the material impact of project construction in respect of the environment, amenity and safety of local residents, businesses, the general public and the surroundings in the vicinity of the proposed road/railway works. Finally, especially in the case of roads and tunnels, best practices should also take into account stormwater management (and stormwater management facilities, such as detention/retention basins).
The strategy should highlight the need that MSs identify responsibilities for road and railway management with concern to IAS. 
5.7 Unaided dispersal pathway (unintentional)

Definition: According to Hulme (2009) and Hulme et al., (2008), the corridor pathway highlights the role transport infrastructures play in the introduction of alien species, while the unaided pathway is related to natural spread capacity of the IAS. Unaided pathway is often underestimated, and, as a result, it is probably the least-well managed pathway.
The concept of natural corridors is somewhat related with the concept of barriers. Forrest, Garner & Taylor [(2009) cited in Wilson et al., 2009] develop the idea of internal borders that can be identified from knowledge of the natural environmental barriers to dispersal and establishment of alien species and thus enable gaps in the barriers to be prioritized for management. In the marine environment, barriers can result from oceanographic features such as zones of upwelling, or current systems that lead to restricted exchange between water masses or seaward advection. In freshwater environments, limnological conditions such as high or low water conductivity, stream slope and catchment boundaries can limit the spread of aquatic alien species (Spens, Englund & Lundqvist 2007, cited in Wilson et al., 2009). Barriers (and corridors) are easier to visualize in terrestrial environments and include such features as mountain ranges. Since biogeographic boundaries can be associated with these dispersal barriers, it may be possible to infer the existence and location of these barriers according to biogeographic zones in native species assemblages.  Existing dispersal barriers may be breached by human activities through canals, tunnels or even undersea cables that provide a hard substrate for colonization on an otherwise soft sediment seabed. Gaps in these natural barriers can then become the focus for management action, such as the establishment of exclusion zones or targeted surveillance (Bogich, Liebhold & Shea 2008 cited in Wilson et al., 2009).
5.7.1 Natural corridors 

5.7.2 Migration due to Climate Change 
Climate change is very likely to facilitate the spread and establishment of invasive alien species
, but, of course, some species will benefit and some will suffer from the change. In this framework, it is of paramount importance to distinguish between the spread or change in the distribution pattern of introduced species (as a consequence of climate change) and the natural range expansion or modification of the distribution pattern of native species, i.e. avoiding that native species moving to neighbouring areas may be considered as alien due to the fact that climate change is the result of human action and avoiding that such species may be unnecessarily controlled. For this purpose, the Council of Europe
 recommends contracting Parties to the Convention and invites observer States to interpret the term “alien species” for the purpose of the implementation of the European Strategy on Invasive Alien Species as not including native species naturally extending their range in response to climate change. 

Climate changes predicted for Norway as a result from global warming are in general higher precipitation, longer growing seasons and shorter, milder winters (Gjershaug et al., 2009). These changes may have important consequences for the opportunities for alien species to expand their range, particularly those with origin in southern latitudes. It is expected that species which are nowadays prevented from becoming established due to a relatively severe climate will have more opportunities to do so, and some of these may become invasive in Norway. The report from Gjershaug et al. (2009) aims to make an assessment of the risk that alien species already established in Norway will expand their current ranges, and that new aliens species become established. Specifically, the assessment deals with a comparison of the projected climates for Norway with those in the areas where alien species have their current distribution range in Europe. 

5.7.3 Migration due to Climate Change – Possible actions

The impact of Climate Change can only be managed through international cooperation, especially in the case of IAS and of migratory species. The Convention on Migratory Species of Wild Animals CMS is the best
 international body to cope with Climate Change and its impact on migratory (native) species.
As a general rule, no activity towards IAS should be undertaken without some explicit consideration of the potential future impacts of climatic change. The specific policies are expected to be most effective when they are carried out as part of a larger body of policy aimed at sustainability in the long run.

Other possible management actions are, e.g. compiling information, including existing guidelines on invasive alien species and related management responses, noting the need for the adaptation of biodiversity and ecosystems to climate change, as well as the need to reduce the impacts of existing and potentially new invasive alien species (UNEP/CBD/COP/DEC/X/33, 29 October 2010). 

EU and/or MS should develop the capacity to identify those IAS that are most likely to increase range or impacts (due to CC) and those communities that are most likely to suffer, and design ways to monitor the effects of management actions on species and habitats.

Give particular attention to changes in trades (e.g. for horticulture, see EPPO/CoE Code of Conduct) due to CC, to island sor areas containing endemic species, or which support a high diversity of species.
EU and/or MS should develop the capacity to manage biological diversity also in natural areas which are not strictly protected, including natural corridors that may be pathways for IAS expansion due to CC, e.g. designing and holding training courses for protected area managers on the subject of coping with IAS distribution pattern and pathways climate-induced changes.
5.7.4 Best management practices and recommendations for rivers

Inland water ecosystems are defined by the CBD as ecosystems that encompass habitats with a variety of physical and chemical characteristics, including bogs, marshes and swamps, which are traditionally grouped as inland wetlands, and inland seas, lakes, ponds, rivers, streams, groundwater, springs, cave waters, floodplains, backwaters, oxbow lakes, and small containers such as pitcher plants and even tree holes (UNEP/CBD/SBSTTA/8/8/Add.1/ph 6/2002).

The results from the research by Säumel & Kowarik (2009) suggest that planting native tree species along river corridors would help prevent invasion risks and contribute to implementing principles of ecological design in urban greenways. They also stress the importance of eradicating wind-dispersed invasive tree species in floodplains in early invasion stages to prevent further water-mediated dispersal. 

Floodplain forests in Europe once covered vast areas in the lowlands and river valleys and supported a high level of biodiversity. These forests are now fragmented and greatly reduced in size due to human activity. In some countries like the Netherlands or Great Britain, they have disappeared completely. Black poplar (Populus nigra) is a keystone species in this habitat: as a pioneer tree, it quickly covers bare soil exposed by flooding, grows to considerable size and forms dense stands that consolidate and change the site in favour of longer-lived trees like elms and oaks (Heinze, 2008 and references cited therein). The management of the remaining floodplain forests in Europe, or their restoration, is made more difficult by the large, planted, monoclonal hybrid poplar stands. Evenly spaced rows of similar looking hybrid poplar trees are considered unnatural by the general public, but the real threat they pose to conservation is probably more subtle. Hybrid poplars are intermediate in many morphological features between P. nigra and their other respective parents. For instance, the widely planted P. × canadensis hybrids are offspring of crosses between female P. deltoides and male P. nigra (Zsuffa 1974, Heinze 1998b). Crosses among hybrid clones, or backcrosses to P. nigra, may be difficult to identify among “pure” black poplar offspring, as traits are highly variable within this species . Poplars are dioecious, each clone only produces either pollen or seed. A limited number of hybrid poplar clones are currently planted. The mass cultivation of hybrid poplar clones, together with the diminishing number and fragmentation of black poplar populations, may lead to introgression and consequently a severe reduction in genetic variation of this native species (Lefèvre et al. 2001a,b, cited in Heinze 2008). In the future, it may be a desirable breeding objective to produce clones of poplars that are sterile, either by introducing triploidy or even by the use of genetic engineering (Heinze, 2008). 

In the case of Japanese knotweed and other invasive knotweeds, BMPs are required also for the removal interventions in riparian sites. When large areas of weeds are removed, the cleared area need to be replanted with native vegetation and stabilized against erosion (King Country noxious weed control program, UK
).

In South Africa, invaded riparian zones and their immediate sub-catchments are targeted for alien plant clearance by the national Working for Water programme (WfW).

6 Considerations on key species /pathways /ecosystems
In the timeframe available to write this report it was not possible to explore this section in deeper details. Anyway, a lot of information is available on DAISIE (2009), Handbook of Alien Species in Europe, for key taxonomic groups and EU Biota.
As there is a plethora of pathways (and vectors), it was not possible to describe in details each of them, thus, in relation to the available time and the expertise within the working group, key examples are given, and of course, this report does not pretend to be exhaustive. 

6.1 Outermost regions, Overseas Countries and Territories of the European Union 

[By Dominique Benzaken – IUCN]

The European Union includes 9 Outermost Regions (OR) and 21 Overseas Countries and Territories (OCT) across all regions of the world. They:

(1) Are found in biodiversity hotspots from tropics to polar latitudes;

(2) have a disproportionate vulnerability to invasive species due to high species endemism (half to 2/3 of species extinction occur on islands), which is likely to be exacerbated by impacts of climate change;

(3) have complex legal, policy and institutional arrangements vis-a-vis the EU Member State, the EU and international conventions and agreements;

(4) have variable capacity (technical / institutional / skills / regulatory infrastructure / knowledge / human resources / financial);

(5) Have limited awareness of IAS impacts with decision makers and public.

There is limited coordination, consistency of approach between EU Member states, OR and OCTs and the EU and SIDs in regions ORs and OCTs are located. There has been efforts though to address this issue, for example in the Pacific Region (e.g. Pacific Island Initiative) in the Caribbean and globally. In most cases, ORs and OCTs do not have legislation or strategies in place to address IAS.
Prioritization of critical pathways (according to IIEPP Report, Shine et al., 2010) is seen as an important action also for OR and OCTs.

In the case of EU ORs and OCTs, the vulnerability of the host habitat/ecosystem is a key criterion, with introduction, both intentional and unintentional essentially through trade, transport (air, and sea), tourism and internal population movements with EU MS and within regions. The aquarium, trade and migration due to climate change pathways are key pathways to be addressed in EU ORs and OCTs.

The special case of largely uninhabited islands and islets of the OCTs (e.g. TAAFs or the islands of the Mozambique Channel and Western Indian Ocean) which have periodic (or occasional) visits to maintain infrastructure, refurbish equipment, police or patrol territory and even mercy missions for stranded seafarers are rarely thought of as pathways but are mostly carried out by personnel and agencies with little linkage to biodiversity or any consideration of biological invasions.  
It is strongly advisable that a dedicated section of an EU IAS strategy be developed taking into account the above points on EU ORs and OCTs as well as the specific concerns listed for the tasks.
6.2 Islands 

The international significance of islands to biodiversity conservation is widely acknowledged. Worldwide they hold a significant proportion of global biodiversity and a high proportion of endemic, rare or threatened species. Islands are also vulnerable to a range of threats, in many cases more pronounced than for mainland areas. These include invasive alien species (e.g. Reaser et al., 2007b), habitat degradation, fragmentation and loss, over-exploitation of their resources, climate change and pollution. Island communities are widely believed to be more vulnerable to the impacts of alien taxa. The higher vulnerability of islands relative to comparable continental areas has been attributed to proportionally lower native diversity, the existence of unsaturated communities and as a result greater disharmony in species composition arising from the absence of key plant functional groups, lower competitive ability of native species and the higher susceptibility of insular species to the ecological impacts of invaders (Hulme 2004). Thus the islands of the Mediterranean Basin probably represent some of the ecosystems globally most at risk from invasive species. This is a result of both the relatively high percentage of alien species in the island floras and the threatened status of many endemic plant species (Hulme 2004; Hulme et al., 2008).
Compared to equivalent mainland areas, Mediterranean islands often have a higher human population density, a more dense road network, more ports/harbours and airports per capita (or per area), greater dependence on imports and a higher flux of humans across their borders, especially through tourism. These attributes strongly facilitate the introduction of alien species as contaminants of trade and/or hitchhikers on transport vectors. Yet even with the increased opportunities for accidental introductions, the majority of naturalized species arise from intentional introductions that have subsequently escaped from gardens, agriculture or forestry (Hulme et al., 2008 and references cited therein). [Graph from Hulme et al., 2008]
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Fig. 1. Major pathways of introduction for alien plants occurring on Mediterranean islands. Both
the number of species introduced and the percentage of species successfully naturalizing are pre-
sented for each of six invasion pathways.




Indeed most alien plants established on Mediterranean islands have the potential to become naturalized on more islands and regional ecological surveys may provide an adequate means to assess this risk. Scope therefore exists for prevention, and much might be gained from information sharing across the Mediterranean Basin. Accidental introductions are currently not covered by legislation yet present a significant source of naturalized species on Mediterranean islands. Managing accidental introductions requires considerable improvement in biosecurity policy and appropriate management of trade and transport, including regular inspection of imported commodities. It is highly unlikely that every airport and harbour on the numerous Mediterranean islands can be successfully monitored and this proves to be an area where management response requires the greatest attention. To address this threat, mechanisms should be put in place to limit the further spread of known problem species across the Mediterranean through awareness raising and better regulation of the import and disposal of alien plant materials.
Prevention policy and biosecurity (e.g. quarantine protection) should be a territory-specific instrument, e.g. with differences between large urbanised islands and small unpopulated ones or according to the distance from the mainland; for example tailored legislation tools might imposes a broad prohibition on the introduction of any “organism” [or soil] into the island territory without a permit, or even prohibit entry to the island territory without a permit
. Furthermore, the small size and geographic/topographic restriction of many island ecosystems can present opportunities for the management of IAS that are superior to those in mainland ecosystems (Veitch & Clout 2002
, cited in Reaser et al., 2007b).
From this point of view, the European Strategy on IAS should dedicate specific principles and address tailored measures to European Islands. Biosecurity for islands should be differentiated from national biosecurity policies, including, e.g.
, (1) pre-export control aiming to prevent the export of known IAS from places where they are established, to other islands; (2) Pre-border control regulating importation to islands; (3) at-border control aiming to prevent the arrival of species on-islands; (4) post-border rapid response (possible immediate eradication) aiming to eliminate newly-arrived IAS before they can spread far beyond the point of arrival. Policy and list might be differentiated also according to the fact that a species native on the mainland might be an IAS on the islands, within the same Country. At the same time risk assessment procedure (for species or for pathways) at Country level may be not fully adequate for islands (and vice versa).
7 Relevant experiences of MSs
7.1 CLM Report – The Netherlands 

Gooijer Y., Terryn L., Elferink E., van der Weijden W. 2010. Pathways of non-native species introductions in The Netherlands. Foundation Centre for Agriculture and Environment, Culemborg, CLM 737, 56 pp.
7.2 Short Report on Bulgaria 

[by Teodora Trichkova]

The geographical location and climate of Bulgaria (Eurosiberian and Mediterranean biogeographical regions with Anatolian-Iranian, Pontian, and other elements; water bodies affiliated to three drainage river basins – the Danube, Black Sea, and Aegean Sea) makes it very vulnerable to the introduction of alien plant and animal species. 

The best regulated pathway of IAS introduction is the intentional release of IAS into the natural environment. The Biological Diversity Act (2002) and related regulations provide on the introduction of alien and re-introduction of native plant and animal species into the natural environment. A permit for release into the environment, as well as import for the purpose of breeding and raising of alien animal and plant species, can be issued only if it is provided that this is not detrimental to any natural habitats in the natural range or to any native species of wild flora and fauna or to any populations thereof. The procedure requires application with an elaborate program, favourable scientific expertise, favourable decisions of the National Biodiversity Council and written authorisation granted by: (1) the Executive Director of the Executive Agency of Forestry - in respect of any tree, shrub and game species; (2) the Minister of Environment and Waters (MEW) - in respect of all other species.

A permit for re-introduction of native animal and plant species is issued only if it will be carried out in a way that would contribute to the restoration of the species in a favourable state. The procedure further requires taking into consideration the public opinion in the region of re-introduction of the species.

Release into the environment of animal and plant species that are alien to the region is prohibited in national and natural parks according to the Protected Areas Act (1998). Deliberate release of GMOs into the environment is not permitted practically anywhere in Bulgaria according to the Genetically Modified Organisms Act (2005).

The trade of endangered species of wild flora and fauna is regulated by the Biological Diversity Act and the Animal Protection Act (2008).

The phytosanitary control of plants and plant products during import, export and transit transportation, as well as production, transportation and trade in the territory of the country is regulated by the Plant Protection Act (1997). It corresponds to the EU Plant Health Directive and is based on the black listing of species approach. Provisions for phytosanitary control of reproductive material of tree species and artificial hybrids which are important for forestry purposes in Bulgaria and the Community are included in the Forestry Act (1997) as well.

The veterinary control of animals and animal products during import, export and transit transportation in the country is regulated by the Veterinary Medical Act (2006). It is applied also for game mammals and birds during trade and export (according to the Law on Hunting and Game Protection, 2000); for fish, fish products and other aquatic organisms during trade and stocking (Law on Fisheries and Aquaculture, 2001); and for import of pure-bred breeding animals (Live Stock Breeding Act, 2000). The veterinary control for the movement of circus animals is according to the Commission Regulation (EC) No. 1739/2005.

In the Water Act (2000) and corresponding regulations the IAS are included only as criteria for the assessment of biological impact on the marine environment.

7.2.3. Dispersal through corridor pathways (Bulgaria)

[by Teodora Trichkova]

The Danube River is the main pathway and source for introduction of invasive alien freshwater species in Bulgaria. Almost all invasive alien fish species were first recorded in the Danube, the Danube backwaters and the adjacent fish-farms in different periods: L. gibbosus (1920), C. gibelio (1948), P. parva (1975), P. glenii (2005). Most of the invasive alien mollusc species were also introduced through the Danube River: C. fluminea (2001), S. woodiana (2005), D. bugensis (2005). Recently, these introductions increased; four freshwater highly invasive species were introduced in the last 10 years alone. There are records that the introduction of some alien invasive mammal species in Bulgaria was also affiliated with the Danube.

The main Danube Canal has been recognized as part of the Southern Invasion corridor in Europe linking the Black Sea basin with the North Sea basin via the Danube–Main–Rhine waterway (Panov et al., 2009). The length of this corridor from the Black Sea up to the North Sea is about 3500 km. Many Ponto-Caspian species have expanded their range westward in Europe using this corridor. For example, one of the largest fish introductions during the last decades has been the introduction of Ponto-Caspian gobies within Europe. Since the 1990s, the four Neogobius species were recorded far upstream of their known historical range in the Danube and have established abundant non-native populations (Copp et al. 2005, Jurajda et al. 2005, Wiesner 2005). Although there are several explanations for their rapid spread, their introduction by ships and their subsequent spreading from harbours is presently accepted as the most probable reason for their expansion (Wiesner 2005, Polačik et al. 2008). Another example is the highly invasive Asian fish species topmouth gudgeon; resent research showed that after its initial introduction in Europe, the natural colonization of the species took place using the River Danube as a dispersal pathway (Gozlan et al., 2010). Other species expanded their range eastward. The Asian clam C. fluminea was first introduced to Europe from North America in the beginning of the 1980s. It penetrated from the basin of the Rheine River into the Danube River, showing up first in the upstream reaches of the Danube in Germany (1997), afterwards spreading downstream, and later recorded in Romania (2000) and Bulgaria (2001).

It has been acknowledged that the invasive species have become a major concern for the Danube and that their further classification and analysis is vital for effective river basin management (ICPDR, 2009). One of the targets and actions to protect the environment in the Danube Region proposed in the EU Strategy for the Danube Region COM(2010) 715 final and accompanying Action Plan is: To reduce the spread of invasive alien species which would include assessing the impact of IAS on the ecosystems in the Danube region, identifying environmentally friendly ways to control their development, promoting research to identify ecologically sound ways to keep their population under control or eliminate them and raising public awareness about the danger of IAS.

At the same time, one of the four Pillars addressing major issues in the Danube Strategy is: (1) Connecting the Danube Region envisaging the improvement and further development of the inland waterways, as well as the road, rail and air links. Some basic projects and programs have been planned for implementation, such as: the Trans-European Transport Networks (TEN-T) priority projects, the Navigation and Inland Waterway Action and Development in Europe programme (NAIADES) targeting: increasing the cargo transport, removing existing navigability bottlenecks, constructing and developing modern ports, improving the waterway infrastructure and interconnections of Danube with its tributaries, etc. It is expected that the implementation of these planned activities will facilitate the introduction and spread of IAS.

The future economic development in the Danube River Basin needs to be balanced with protection of the Danube unique environment using a sustainable development approach. Integrated planning and implementation can contribute to this process and should be applied as a guiding principle. The application of Strategic Environmental Assessment and Environmental Impact Assessment is crucial to ensure a successful combination of the economic development and the environmental requirements. 

Recommendations: 

(1) It is necessary to include provisions on IAS in the EU EIA Directive and the SEA Directive (in annexes or guidelines). Special attention must be paid to projects and programs planning the construction and development of waterway connections between river basins affiliated with different Sea basin drainage areas, and even between different river basins within the same catchment (e.g. the river basins in the Aegean Sea on the Balkans, each of them characterized with unique aquatic fauna).

(2) In the Danube - Modernization of ports and organization of strict control of vessels (e.g. treatment of ballast water and sediment in safe conditions, on-board filtration/water processing especially for vessels travelling overseas, removal of attached organisms, etc.). This can be implemented with additional investments into the existing structures: e.g. in Bulgaria, the Executive Agency for Exploration and Maintenance of the Danube River, the local branches of the National Agency of Fisheries and Aquaculture, border police, local municipalities.

(3) Related to WFD – Identification of IAS as criteria for the assessment and characterization of pressures in the Danube River basin and developing measures in the Joint Program of Measures to be implemented within the Danube River Basin Management Plan.

(4) Related to the Natura 2000 network of protected areas (there are more than 50 sites of Community importance and Special protected areas of avifauna along the Romanian-Bulgarian section of the Danube, rkm 845-375) – develop measures to be included in the management plans of the Natura 2000 sites.

8 Relationships between this task 2 and other themes

8.1.1 Connections with other EU legislation

The IEEP Report (Shine et al. 2010) contains plenty of information about the connections between legislation tackling IAS and other EU legislation. In addition, some other relationships are indicated or stressed in this Report as example, such as the connections between CAP (Rural development) & Forestry and pathways’ regulation and management. But many other interrelationships are present as in the case of the ongoing process on the EU biodiversity strategy (e.g., there is a clear link between the concept of green infrastructure and the management and recommendations on  corridor pathways).
8.1.2 Connections with other tasks of the WG1

At the same time, this report on pathways has to be coordinated with concept, methods and definitions addressed in the other task of this working group and of some of other working groups. Generally speaking high impact species may help to define high priority pathways. But how to prioritise individual species is debateable: Is it better to spend resources on a well established high-impact species than on an eradicable population of a species that may be less damaging?  Flexibility is needed and lengthy prioritized lists of species risk distorting the most effective deployment of available resources.

8.1.3 Potential connections with other tasks of the other WGs

[to be written or discussed in details]
9 Conclusions and Recommendations
In the text of this report management options and recommendations are suggested for most of the different pathways described, or references are given to relevant documents and literature. Nevertheless, also from this point of view, this report does not pretend to be exhaustive.
The European Strategy on IAS should be a milestone in the development of an European biosecurity regime (both at Community and MS level), seeking, through careful recommendations and specific management proposals, to minimise the risk of the entry, establishment or spread of IAS that have the potential to cause significant harm to biodiversity, human health and/or economic values in the EU, OR & OCTs. In this report we focus on how the European Strategy on IAS should address the analysis, identification, prioritization and management of pathways.
A primary objective of an EU biosecurity system should be to allow the safe movement of animals and plants, genetic material, animal and plant products, people and cargo to and from EU, (to, from and within MS, between islands etc.), and to support an effective response to any invasion that may occur. This involves a change of emphasis from a principal focus on species (IAS), through limitations on trade and interception at the border, towards more effective pathway management, pre-border pathway risk assessment, a still vigilant border inspection system, targeted measures to reduce risk from imports, and more integrated post-border monitoring, surveillance and rapid response (e.g., see Commonwealth of Australia 2008
). A second change of emphasis might be from pathway risk elimination to pathway risk management.
There is a general need to agree on common procedures for assessing risks and impacts. From this point of view, the European Strategy on IAS might also support the establishment of an European Centre For Invasive Species Management (e.g., Cf ECISM
) with responsibilities in the fields of: (1) Scientific Advice and Research Direction, Information service to the Commission, the Parliament, the Member States and their citizens; advise on targeting research, identifying gaps; (2) Surveillance and Early Warning, Maintenance of the DAISIE database and its development to early warning system; warning lists, immediate removal of newly detected invaders; (3) Horizon Scanning and Risk Assessment, Development of an integrated invasive species risk assessment scheme and pathway risk assessment; monitoring of pathways; regular reporting of emerging threats (4) Rapid and Continuing Response, timely reaction to invasion threats; coordinated approach; mobilization of experts; guidelines and operating procedures for eradications; (5) Training and Capacity Building, Public awareness and stakeholder consultation. Such a Centre, could also be appointed of the duty of harmonise MS approaches, standardize methods and guidelines for pathways management and benchmark best practices. This is anyway a very ambitious project that needs to be further discussed, e.g. on cost implications, organisation etc.
Ideally, agreement on MS differences (or between regions, ORs & OCTs) in alien species status (and impacts) and pathway risks, and harmonisation of approaches on particular biosecurity measures on pathways should be achieved between the MS (or the regions) and the EU/Commission. However, failing agreement, the Strategy should suggest that the EU should be provided with a legislated capacity to override a biosecurity restriction on pathways and on interstate/interregional trade.

As stated by IEEP Report (2010), apart from the animal and plant health regimes, the EU lacks a joined-up approach to managing invasion pathways from pre-border to post-border and down to control and management at appropriate scales.

According to Maynard and Nowell (2009) and their recent contribution on biosecurity and quarantine, the types of action that can be taken to reduce the risk of entry/establishment of invasive species fall into three broad categories. These are: pre-border actions— those actions taken outside a country or region; border actions; and post-border emergency actions. Each category has two main components—physical (e.g. infrastructure, materials, finance etc.) and human (e.g. legislation, procedures, skills, awareness etc.). With concern to the EU strategy, the concept of “border” have to be certainly extended to consider the pathways at different levels.
It could be advisable to distinguish at least: (a) Pathways Into EU (mainland); (b) Pathways Into EU regions (geographical or biogeographical); (c) Pathways Into Outermost Regions & OCTs; (d) Pathways Within EU.

9.1.1 Pre-border actions on pathways

Taking into consideration all the available information, organizing the data set for pathway/species/biome (and/or according to other criteria), sharing it between Countries and organization, updating and providing reliable metadata, exchanging best practices and lessons learn, would be an overarching strategic task. Many national and international databases on IAS already exist (e.g., DAISIE), but, in most cases, they are species-oriented, while more attention to pathways should be provided. The availability of well-organized information is a basic requirement also for the editing of specific guidelines or code of conducts. Information technology systems must be appropriate and reliable.[including e.g. sharing information and early warning for escapes]

An important preliminary analysis concern the investigation of the feasibility and mechanisms for interdicting, interrupting, or minimizing priority pathways. Actions may include research on interdiction methods, support of regulatory actions, and/or outreach and education; encouragement of coordinated research to develop species invasion-risk forecast tools and approaches on a pathway and source-recipient ecosystem basis; support to development, testing, and approval of ballast water treatment technologies; taking steps to interdict specific pathways.

Between the key strategic actions, there is the need to ratify relevant international conventions, such as the International Maritime Organisation’s Ballast Water Convention. An immediate action by all EU Member States would provide the fastest possible way of minimizing the priority pathway of ballast water as a vector for alien invasive species. Of the EU27 only the following have ratified the Convention: France, Netherlands, Spain and Sweden. Norway  has also ratified the Convention. At present a total of 27 countries, representing 25.3% of the world’s gross tonnage have ratified it. The requirement for it to enter into force is ratification by 30 countries representing 35% of global gross tonnage. Expectations are that the entry into force requirements will be met by the summer of 2011 meaning that it will enter into force in 2012 with the first ships needing to be compliant by 2014. 
One strategic objective of the European strategy should be to list and prioritize pathways at EU level (or for main biogeographic regions), and encourage MS to list and prioritize pathways at national (or sub-national) level. For each pathway, main taxonomic groups involved should also be indicated and propagule pressure estimated. It could be advisable to distinguish at least: (a) Pathways Into EU (mainland); (b) Pathways Into EU regions (geographical or biogeographical); (c) Pathways Into Outermost Regions & OCTs; (d) Pathways Within EU.

Listing should be as much as possible oriented to management purposes, taxonomically sound,  and should be a basic information level for pathway risk analysis and prioritisation. 

Other suggested “pre-border” actions (that might also be suggested as strategic actions of the EU strategy) would include:

1. Common framework to Risk assess/screen all pathways to assess level of risk (and highlight uncertainty).

2. Assess management options for all significant pathways.

3. Rank/prioritise pathways based on:

a. Risk posed (taking certainty/uncertainty)

b. Feasibility/cost effectiveness of action

c. Level of risk reduction achieved by given action(s)

4. Ratification and implementation of Convention, codes of conducts, etc. Industries or sectors that are vulnerable but not covered by a code of conduct, or a biosecurity Plan (for example, ... ), should b encouraged to adopt/modify and existing code, or to develop a new one or to develop a Biosecurity Plan; 

5. Awareness, education, research etc.;
6. Promote collaboration between states, institutions, stakeholders;

7.  Addressing non-priority pathways through “soft measures.
Traceability is critical to control and rectification of problems (Maynard and Nowell 2009). It requires the ability to track goods backwards to the point of origin or likely area(s) of contamination, and any subsequent points where the contaminated goods may have released unwanted organisms. This includes knowledge of the source and country of origin or production of the goods, where they entered the country, and their subsequent fate and destinations. If there is an incursion, this information can assist in enabling the implementation of containment controls, and in preventing further introductions. Components of tracking systems often have to have regulatory and administrative elements to ensure compliance.

9.1.2 Border actions on pathways

Another basic analysis concern the review of existing border controls (in the broader sense, i.e. inclusive of internal ‘border’ controls between MS and possibly those to and from MS and Outermost Regions, between islands etc.), transport controls and quarantine systems to identify gaps in country or pathway coverage (movement of ships, planes, people, other organisms, goods etc.) and technical or resource constraints.

Actions to mitigate risks at the border: Inspection facilities should be sited on appropriate terrain largely immune from natural disasters such as earthquakes (Maynard and Nowell 2009). They should be located near the country entry point to minimize movement of material and the potential for escape. They also need to be as far as possible from suitable habitats/hosts such that in the event of an escape the likelihood of establishment is lowered. Potentially invasive organisms (and risk goods) need to be examined in a secure area where they cannot escape. The quarantine containment rooms or laboratories need to be perceived, and function, as though biologically isolated from the surrounding country, with a system of physical and procedural barriers that lead out into the country. The physical isolation of the facility must be complemented and reinforced by operational procedures and systems established to run it.

9.1.3 Post-border actions on pathways

Knowing how to respond if an invasive species is detected can minimize the impact that the species has on an area and maximize the potential to control or eradicate it (Maynard and Nowell 2009). Hence the development of contingency response plans should be part of the overall pathway risk assessment process. Contingency plans can be developed as overall generic plans with supporting documents for specific situations. Systems need to be in place to enable effective and efficient reporting of the incident to the persons responsible for initiating control actions both on the species and on the pathways/vector causing the introduction. This must be accompanied by a sound system of early detection and rapid response at EU and Ms level (possible also at regional level, with special concern to islands, OR & OCTs).
Adapt the Polluter pays principle to include those responsible for IAS introduction. Recovery costs.
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11 ANNEXES

11.1 Classification of pathways (Hulme et al. 2008)
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11.2 Classification of pathways for the Marine environment (Molnar et al. 2008)
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11.3 IUCN Guidelines (2000)
IUCN GUIDELINES FOR THE PREVENTION OF BIODIVERSITY LOSS CAUSED BY ALIEN INVASIVE SPECIES

Prepared by the SSC Invasive Species Specialist Group, Approved by the 51st Meeting of the IUCN Council, Gland Switzerland, February 2000
5.2 Unintentional Introductions - Recommended Actions

Unfortunately, it can be very difficult to control unintentional introductions that occur through a wide variety of ways and means. They include the most difficult types of movement to identify, control and prevent. By their very nature the most practical means of minimising unintentional introductions is by identifying, regulating and monitoring the major pathways. While pathways vary between countries and regions, the best known are international and national trade and tourism routes, through which the unintentional movement and establishment of many alien species occurs.

Recommended actions to reduce the likelihood of unintentional introductions are:

1. Identify and manage pathways leading to unintentional introductions. Important pathways of unintentional introductions include: national and international trade, tourism, shipping, ballast water, fisheries, agriculture, construction projects, ground and air transport, forestry, horticulture, landscaping, pet trade and aquaculture.

2. Contracting parties to the Convention on Biological Diversity, and other affected countries, should work with the wide range of relevant international trade authorities and industry associations, with the goal of significantly reducing the risk that trade will facilitate the introduction and spread of alien invasive species.

3. Develop collaborative industry guidelines and codes of conduct, which minimise or eliminate unintentional introductions.

4. Examine regional trade organisations and agreements to minimise or eliminate unintentional introductions that are caused by their actions.

5. Explore measures such as: elimination of economic incentives that assist the introduction of alien invasive species; legislative sanctions for introductions of alien species unless no fault can be proved; internationally available information on alien invasive species, by country or region, for use in border and quarantine control, as well as for prevention, eradication and control activities. (See also Section 8.)

6. Implement the appropriate initiatives to reduce the problems of alien invasives arising from ballast water discharges and hull fouling. These include: better ballast water management practices; improved ship design; development of national ballast water programmes; research, sampling and monitoring regimes; information to port authorities and ships' crews on ballast water hazards. Make available existing national guidelines and legislation on ballast water (for example Australia, New Zealand, USA). At the national, regional and international level, disseminate international guidelines and recommendations, such as the International Maritime Organisation's guidelines on ballast water and sediment discharges. (See also Section 9.2.2.)

7. Put in place quarantine and border control regulations and facilities and train staff to intercept the unintentional introduction of alien species. Quarantine and border control regulations should not be premised only on narrow economic grounds that primarily relate to agriculture and human health, but, in addition, on the unique biosecurity threats each country is exposed to. 
7. Improved performance at intercepting unintentional introductions that arrive via major pathways may require an expansion of the responsibilities and resourcing of border control and quarantine services. (Also see 9.2)

8. Address the risks of unintentional introductions associated with certain types of goods or packaging through border control legislation and procedures.

9. Put in place appropriate fines, penalties or other sanctions to apply to those responsible for unintentional introductions through negligence and bad practice.

10. Ensure compliance by companies dealing with transport or movement of living organisms with the biosecurity regimes established by governments in the exporting and importing countries. Provide for their activities to be subjected to appropriate levels of monitoring and control.

11. For island countries with high risks and high vulnerabilities to alien invasive species, develop the most cost-effective options for governments wanting to avoid the high costs of controlling alien invasive species. These include more holistic approaches to biosecurity threats and better resourcing of quarantine and border control operations, including greater inspection and interception capabilities.

12. Assess large engineering projects, such as canals, tunnels and roads that cross biogeographical zones, that might mix previously separated flora and fauna and disturb local biological diversity. Legislation requiring environmental impact assessment of such projects should require an assessment of the risks associated with unintentional introductions of alien invasive species.

13. Have in place the necessary provisions for taking rapid and effective action, including public consultation, should unintentional introductions occur.

5.3 Intentional Introductions - Recommended Actions

1. Establish an appropriate institutional mechanism such as a 'biosecurity' agency or authority as part of legislative reforms on invasives. (Refer to Section 9.) This is a very high priority, since at present the legislative framework of most countries rarely treats intentional introductions in a holistic manner, that is, considers all organisms likely to be introduced and their effect on all environments. The usual orientation is towards sectors, e.g. agriculture. Consequently the administrative and structural arrangements are usually inadequate to deal with the entire range of incoming organisms, the implication for the environments into which they are being introduced, or with the need for rapid responses to emergency situations.

2. Empower the biosecurity agency, or other institutional mechanism, to reach decisions on whether proposed introductions should be authorised, to develop import and release guidelines and to set specific conditions, where appropriate. (Operational functions should reside with other agencies. See 9.2.1)

3. Give utmost importance to effective evaluation and decision-making processes. Carry out an environment impact assessment and risk assessment as part of the evaluation process before coming to a decision on introducing an alien species. (See Appendix)

4. Require the intending importer to provide the burden of proof that a proposed introduction will not adversely affect biological diversity.

5. Include consultation with relevant organisations within government, with NGOs and, in appropriate circumstances, with neighbouring countries, in the evaluation process.

6. Where relevant, require that specific experimental trials (e.g. to test the food preferences or infectivity of alien species) be conducted as part of the assessment process. Such trials are often required for biological control proposals and appropriate protocols for such trials should be developed and followed.

7. Ensure that the evaluation process allows for the likely environmental impacts, risks, costs (direct and indirect, monetary and non-monetary) benefits, and alternatives, to have been identified and assessed by the biosecurity authority in the importing country. This authority is then in a position to decide if the likely benefits outweigh the possible disadvantages. The public release of an interim decision, along with related information, should be made with time for submissions from interested parties before the biosecurity agency makes a final decision.

8. Impose containment conditions on an introduction if and where appropriate. In addition, monitoring requirements are often necessary following release as part of management.

9. Regardless of legal provisions, encourage exporters and importers to meet best practice standards to minimise any invasive risks associated with trade, as well as containing any accidental escapes that may occur.

10. Put in place quarantine and border control regulations and facilities and train staff to intercept unauthorised intentional introductions.

11. Develop criminal penalties and civil liability for the consequent eradication or control costs of unauthorised intentional introductions.

12. Ensure that provisions are in place, including the ability to take rapid and effective action to eradicate or control, in the event that an unauthorised introduction occurs, or that an authorised introduction of an alien species unexpectedly or accidentally results in a potential threat of biological invasion. (See Sections 6 and 9.)

13. As well as taking the efforts that are required at global and regional levels to reduce the risk that trade will facilitate unintentional introductions (Section 5.2), utilise opportunities to improve international instruments and practices relating to trade that affect intentional introductions. For example, the Parties to the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) are addressing the implications alien invasive species may have on the operation of the Convention. Similar initiatives should be made with respect to relevant international trade authorities and industry associations.

11.4 Table on Plant pathways (Kowarik & von der Lippe 2007)
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Table from: Kowarik I., von der Lippe M. 2007. Pathways in plant invasions. Biological invasions, Ecological Studies Vol. 193 (ed. by W. Nentwig), pp. 29–47. Springer, Berlin Heidelberg, Germany.
11.5 Table on propagule pressure & pathways (Reaser et al., 2007a)
Table 3 - Examples of opportunities for implementing propagule pressure-based policies 

            Pathway/vector                     Major types of invasives (i.e., propagules of concern)                Recommended policy 

Import and within country movement 

Solid wood packaging materials 

Seaweed for bait and seafood 

packaging (provides moisture) Tires 

Seeds 

Military vehicles and equipment 

Used cars and other vehicular equipment (e.g., farm equipment) 

Clay tiles (for rooﬁng, ﬂooring, etc.) 

Within country movement 

Railways 

Utility line maintenance Tourist vehicles 

Field equipment 

Recreational equipment 

Pathogens and insects that impact forests and wood product industries Note: Use of wood products for this purpose can also result in losses of economically and ecologically valuable timber 

Wide variety of marine biota that cause losses of biodiversity and impact infrastructure 

Mosquitoes that carry pathogens that transmit human and/or animal diseases 

Invasive plants can outcompete native plants and non-invasive forage species. They may have indirect impacts on wildlife, especially pollinators and herbivore populations. Some species are known to alter water and ﬁre cycles 

Seeds and other plant propagative material, insects, insect eggs, and other organisms can be lodged in or on vehicles, equipment, and supplies 

Seeds and other plant propagative material, insects, insect eggs, and other organisms can be lodged in or on these vehicles 

Snails that can carry human and/or animal diseases, seeds, moulds, insects, insect eggs, and other organisms can inhabit tiles, pallets, and shipping containers 

Seeds and other plant propagative material, invertebrates, and likely rodents and occasional larger vertebrates 

Seeds and other plant propagative material 

Seeds and other plant propagative material, pathogens, and soil containing such, especially when at natural areas (e.g., national parks) 

Seeds and other plant propagative material, pathogens, molluscs and other small animals (esp. in aquatic and marine environments) 

Various, depending on ecosystem (e.g., the chytrid fungus (Batrachochytrium dendrobatidis) causing amphibian die-offs in freshwater wetlands) 

Use materials made of recycled plastics, steam clean after use, and storage in sealed environment 

Use damp recycled paper 

Store dry and steam clean prior to shipping or chip prior to transport if not needed intact 

Label all packages with scientiﬁc and common names so they can be checked against locally-relevant lists of invasive alien species 

Steam clean vehicles and equipment and inspect all property before return to country of origin 

Steam clean all undercarriages and inspect interiors 

Steam clean tiles, pallets, and shipping containers immediately before shipment and store in sealed containers 

Establish routine inspection, ‘‘washdown’’ (e.g., similar to those used by the military), and trapping protocols 

Establish routine ‘‘washdown’’ protocols 

Establish cleaning stations for vehicles and shoes at points of entry and exit 

Designate equipment for us in speciﬁc sites and/or design and enact equipment cleaning protocols 

Limit recreational activity at infested sites and/or post information providing information on preventive measures (e.g., cleaning recreational equipment) 

Table from Reaser et al. (2007a) 

11.6 EPA list of pathways

[http://water.epa.gov/type/oceb/habitat/pathways.cfm] EPA / USA

Pathways for Invasive Species Introduction

Globalization has vastly increased long-distance travel and commerce, and highly altered waterways. These and other factors have increased the frequency by orders of magnitude by which non-native plants, animals and pathogens are introduced to new areas, sometimes with costly results. Invasive species can enter important aquatic habitats including riparian zones and wetlands by several common pathways listed below.

•
Ballast Water: Since 95% of all foreign goods by weight enter the U.S. through its ports, the potential for invasive species impacts on coastal communities is immense. 

•
Boat Hulls, Fishing Gear and Other Recreational Pathways: Boat hulls, fishing boots (felt-soled wading boots transport whirling disease organisms from stream to stream) and equipment, diving gear, and other recreational items that are transported among several water bodies have been known to spread invasive species problems to new waters. Some zebra mussels and milfoil have been introduced via these pathways. 

•
Aquaculture Escapes: Non-native shrimp, oysters and Atlantic salmon in the Pacific Northwest, are just a few examples of non-native mariculture species that have generated concern over disease and other impacts that might arise from their escape. 

•
Intentional Introductions: The introduction of non-indigenous species into ecosystems with few controls on reproduction or distribution. 

•
Aquaria Releases: Escapes or intentional release of unwanted pets can be a source of new non-native species in all parts of the country. The invasive algae Caulerpa is thought to have been introduced to U.S. waterways after being discarded from aquaria. 

•
Live Food Industry: The import of live, exotic foods and the release of those organisms can result in significant control costs, e.g. the snakehead fish in Maryland. Asian swamp eels are spreading through the Southeast after introduction as a food source. 

•
Vehicular Transportation: Both private and commercial transportation are major factors in the movement and range expansion of non-native species throughout the U.S. 

•
Escaped Ornamental Plants, Nurseries Sales, or Disposals: Many invasive plant problems began as ornamental plantings for sale in nurseries and garden shops. Purple loosestrife, for example, is sold as an ornamental plant but takes over native vegetation in wetlands, and can clog western streams preventing water withdrawal and recreational uses. Only some problem species are currently banned from sale. 

•
Cross-basin Connections: From small channels to major intercoastal waterways, new connections between isolated water bodies have allowed the spread of many invasive species. Great Lakes invasions increased markedly after the opening of the St. Lawrence Seaway in 1959. 

•
Fishing Bait Releases: Discarding unused bait can introduce species that disrupt their new ecosystems and eliminate competing native species; examples include non-native crayfish, baitfish that overpopulate certain waters, and earthworms that are depleting the organic duff layer in northern forests where no indigenous earthworms existed (Conover, 2000). 

•
Illegal Stockings: Although prohibited by law, people release fish into new waters and sometimes cause severe impacts. Yellowstone Lake's world-class cutthroat trout fishery is now jeopardized by an illegal release of lake trout. 

•
Domestic Animals Gone Feral: The impact of feral house cats on birds and small mammals in natural areas is well documented; escaped feral pigs from farms have recently begun to do significant damage to soils and plants in the Smokey Mountains. 

•
Pathogens Spread by Non-natives to Vulnerable Native Species: Non-native species problems include pathogens carried by resistant non-natives to vulnerable native species. Whirling disease, which has decimated rainbow trout in many western rivers, was originally introduced when European brown trout, tolerant of whirling disease, were imported to U.S. waters and hatcheries. 

•
Disposal of Solid Waste or Wastewater: Seeds, viable roots or other propagules of invasive plants may be easily spread to receiving waters through wastewater discharge, then spread by water flow to distant areas downstream. 

•
Science/laboratory Escapes, Disposals or Introductions: Accidental or intentional release of laboratory animals has introduced some non-native species into U .S. waters. 

•
Seafood Packing and Disposal: Much seafood is packed in seaweed prior to distribution. Because seafood is transported long distances, organisms in packing seaweed may reach new waters as an unintended by-product. 

•
Biological Control Introductions: Ideally, introducing a second non-native species to control an invader should result in diminished numbers of both species after control is accomplished, but some introduced controls have backfired because they attack non-target species. Mongoose introduced in Hawaii to control rats have wiped out many native bird species. 

•
Past Government Programs: The establishment of a new invader is sometimes an unanticipated outcome of a government program; kudzu, for example, was originally introduced through a government-sponsored erosion control program. 

•
Moving and Depositing Fill in Wetlands: Seeds and viable parts of invasive plants contained in fill material may rapidly colonize the new substrate, which then compete with native species within the wetlands. 

•
Land/water Alterations That Help Spread Invaders: Many invaders are adept at rapid pioneering where soil has been disturbed or water levels or routes have been changed, leaving a temporary gap in occupation by native flora and fauna. 

11.7 GISP list of pathways

[http://www.gisp.org/ecology/pathways.asp]

1.  Intentional Introductions 

•
Plants introduced for agricultural purposes 

•
Foreign plants grown for forestry use 

•
Non-indigenous plants used for soil improvements 

•
“Aid-trade” 

•
Ornamental plants 

•
Germplasm 

•
Birds and mammals released for hunting purposes 

•
Mammals released on islands as food resources 

•
Biological control 

•
Fishery releases 

•
Pets released into the wild and aquarium trade 

•
Re-introductions 

•
Releases to “enrich” the native flora and fauna 

2.  Introductions to Captivity 

•
Escapes from captivity such as zoos and botanical gardens 

•
Farmed animals 

•
Aquaculture and mariculture 

•
Research and introductions through research institutes 

3.  Accidental Introductions

•
Contaminants of agricultural produce 

•
Seed and invertebrate contamination of nursery plants 

•
Seed and invertebrate contamination of cut flower trade 

•
Organisms in or on timber 

•
Seed contaminants 

•
Soil inhabiting species 

•
Machinery, equipment, vehicles, army, etc. 

•
Hitchhikers in or on package material 

•
Hitchhikers in or on mail and cargo 

•
Hitchhikers in or on planes 

•
Ballast soil 

•
Ballast water of ships 

•
Ballast sediments in ballast water tanks 

•
Hull fouling 

•
Debris 

•
Tourists and their luggage/equipment 

•
Diseases in animals traded for agricultural and other purposes 

•
Parasites, pathogens and hitchhikers of agriculture and mariculture  

4.  Vectors of Spread after Introduction

•
Spread from neighbouring countries after introduction 

•
Human-made structures which enhance spread of alien species 

•
Human alteration of habitats and changes in agricultural practices 

BOX 1





Schematic classification of the main criteria in use for prioritizing or ranking pathways





In the lack of a common agreed method for (pathways) risk assessment, several approaches are actually in use, with different levels of integration or overlapping:





Biogeographical approach. As is possible to distinguish between IAS alien to Europe and IAS alien in Europe,  pathways responsible for the introduction or species alien to Europe could be considered a priority in comparison to those that promote the spread of a species alien in Europe, i.e. not considered alien in some countries, or already established in part of the EU; 


“Ecological” approach (propagule pressure, number, frequency, spatial extent, probability of establishment). From this point of view, pathways responsible for higher propagule pressures should be considered a priority;


Taxonomical approach (species-specific approach, invasive alien species or main tax. groups involved/transported). According to this approach, all the pathways related to the introduction of a given species (o group of species), should be considered a priority (sometimes also when a risk assessment is not yet available for all the species in that group);


Impacts’ approach (ecosystems, habitats or species affected/invaded/degraded – economical costs, etc.). According to this approach are priority pathways those responsible for the introduction of species that can or could have negative impacts. There is not an agreed methodology for assessing impacts, therefore, different types of impacts may be considered and assessed in different ways. Additionally, the evaluation may change in accordance to the type of habitat, land use, ecosystem etc., that might be affected;


Management approach (pathways not already covered by other EU legislation, possibility to regulate/detect/inspect). From this point of view, priorities pathways are those that could be regulated or mitigated in some way. Concerning legislation tools, some pathways are already dealt with by a series of other EU legislations (plant, animal health, aquaculture etc.), while others are not addressed, and therefore could be considered a priority for legislation action. Additionally, after an eradication intervention, the pathways that could be responsible for a reintroduction of the eradicated taxa could be considered a priority for management.









































� This part of the definition is not suitable for plants. In fact, for animals, this is a fairly rare occurrence, while in plants, polyploidy occurs naturally and is very common.


� Species, subspecies, or lower taxon (including any part, gametes or propagule that might survive and subsequently reproduce).


� “Intentional introduction” means an introduction made deliberately by humans, involving the purposeful movement of a species outside of its natural range and dispersal potential. (Such introductions may be authorised or unauthorised.) [IUCN Guidelines for the Prevention of Biodiversity Loss caused by Alien Invasive Species, as approved by 51st Meeting of Council, February 2000].


� UNEP-CBD Subsidiary Body on Scientific, Technical and Technological Advice, Sixth meeting, Montreal, 12-16 March 2001 “Invasive Alien Species. Status, impacts and trends of alien species that threaten ecosystems, habitats and species”.


� The Madrid Protocol requires that Parties do not introduce animals or plants to the Antarctic Treaty Area, other than for specified purposes for which a permit has been issued. The intent is that unintentional introductions of non-native species will be minimised. The Annex II (Conservation of Antarctic fauna and flora) suggests an obligation on Parties to take precautions to “prevent the accidental introduction of micro-organisms (e.g. viruses, bacteria, yeasts, fungi) not present naturally in the Antarctic Treaty area (Article 4, Part 6).


� UNEP/CBD/COP/DEC/VIII/27, 15 June 2006 “Conference of the Parties to the Convention on Biological diversity, Eighth meeting, Curitiba, Brazil, 20-31 March 2006, Decision adopted by the Conference of the Parties to the Convention on Biological Diversity at its eight meeting. VIII/27. Alien species that threaten ecosystems, habitats or species (Article 8 (h)): further consideration of gaps and inconsistencies in the international regulatory framework [http://www.cbd.int/doc/decisions/cop-08/cop-08-dec-27-en.pdf]. Consider also “Incentive schemes (including carbon credits)” as highlighted in UNEP/CBD/SBSTTA/11/16, 26 August 2005 “Subsidiary Body on Scientific, Technical and Technological Advice, Eleventh meeting, Montreal, 28 November-2 December 2005: Alien species that threaten ecosystems, habitats or species (Article 8 (h)): Further consideration of gaps and inconsistencies in the international regulatory framework” [http://www.cbd.int/doc/meetings/sbstta/sbstta-11/official/sbstta-11-16-en.pdf]. 


� Philip E. Hulme, Wolfgang Nentwig, Petr Pyšek and Montserrat Vilà.


� Risk assessment (RA) is the technical process of evaluating biological or other scientific and economic evidence to determine the level of invasion risk associated with a species or pathway. It builds on information collected for a target alien species, group of species and/or a specific pathway and may be tailored to an appropriate biogeographic scale (e.g. island, regional sea) [Shine et al. 2010].


� IUCN: Guidelines on Biofuels and Invasive Species. Gland, Switzerland, 2009, IUCN. 20pp. See also: Crosti R: Invasive Alien Species used as Biofuel. Report of the Council of Europe, Strasbourg, France. T-PVS/Inf;2009, 6: 1–9.


� This study analyses the imports of aquatic plants from 10 European or Mediterranean countries and highlights that this pathway mainly consists of the import of tropical plants for use in aquaria, and which do not represent a risk due to their climatic requirements. However, a few species require thorough attention owing to the threats they cause. Of the 247 species recorded as imported, only 10 are currently considered to be a threat, representing 4% of the total number of plants imported. These 10 invasive or potentially invasive species continue to be traded in huge quantities in spite of the fact that Crassula helmsii and Eichhornia crassipes are recommended for regulation by EPPO, Azolla filiculoides, Egeria densa, Elodea nuttalli, Lagarosiphon major, Ludwigia grandiflora and Myriophyllum aquaticum should have their entry and spread prevented by countries and Hydrilla verticillata and Pistia stratiotes are recorded on the EPPO Alert List. Six additional species have been identified as representing a moderate to high potential risk: Alternanthera sessilis, Adiantum raddianum, Gymnocoronis spilanthoides, Hygrophila polysperma, Limnophila sessiliflora and Syngonium podophyllum.


� An estimate of risk is made at three levels in the Guidelines. The first level places a risk estimate on each of the seven elements within the Risk Assessment (element-rating). The second level combines the seven risk element estimates into an Organism Risk Potential (ORP), which represents the overall risk of the organism being assessed. The third level links the various ORPs into a Pathway Risk Potential (PRP), which will represent the combined risk associated with the pathway. Or & Fisher (2010) propose risk assessments for aquatic plants. The EPPO Scheme for pest risk analysis proposes exactly the same steps.


� Deliverable D 4.1.3.11 of the EU FP6 Integrated Project ALARM (Assessing Large scale environmental Risks for biodiversity with tested Methods). Contract Number: GOCE-CT-2003- 506675 ALARM. Contract period: 1st February 2004 – 31st January 2009 [www.alarmproject.net.ufz.de]. See also: Panov V, Dgebuadze Y, Shiganova T, Filippov A, Minchin D. 2007. A risk assessment of biological invasions: inland waterways of Europe – the northern invasion corridor case study. In: Gherardi F, editor. Biological Invaders in Inland Waters: Profiles, Distribution and Threats. Invading Nature - Springer Series in Invasion Ecology, Vol. 2. Heidelberg, Germany: Springer. p 639–656.


� Cf. Council of Europe / Bern Convention, “European code of conduct on hunting and IAS” (A. Monaco & P. Genovesi, in preparation).


� Cf. Council of Europe / Bern Convention, “Code of conduct on companion animals and invasive alien species (including ornamental fish) in Europe” (K. Davenport & J. Collins, in preparation). This specific pathways was addressed by AHTEG held in 2005(UNEP/CBD/SBSTTA/11/INF/4) and in 2011 (Geneva, 16-18 February 2011).


� Cf., Genovesi P., Bacher S., Kobelt M., Pascal M., Scalera R. 2009. Chapter 9. Alien Mammals of Europe, DAISIE, Handbook of Alien Species in Europe, Springer Science + Business Media B.V. 2009, pp 119-128 (paragraph 9.4 “main pathways to Europe”). “The most frequent pathway of alien mammals introduction in Europe is intentional release from captivity, which accounts for 35% of all known cases of introduction (n = 411 cases at the national level, 321 with known vector, 90 unknown). If we consider the activities related to invasions by alien species, fur farming has been at the origin of 15% of all recorded cases, hunting 21%, release or escape of pets 10%, and escapes from zoos 6% (n = 266). The so called “fauna improvement” is the wrong concept of “improving” the number of species in an area by intentionally releasing other species. Also “mistaken” reintroduction programmes carried on with species similar to the native ones (i.e., introduction of the Canadian beaver Castor canadensis in Finland, due to a confusion between this species and the native European beaver Castor fiber) were performed. Both account for 7% of the known introductions. In total 31% of introductions occurred unintentionally, through the inadvertent movement of species due to global trade. The pathways of introduction have changed very much in the last centuries, showing a decrease in the role of unintentional transport, and an increase of the escapes and of the spread of established populations. The number of intentional introductions is decreasing, probably due to an increasing awareness on the problems related to biological invasions. It is interesting to note that, considering only those introduction events that occurred since 1960 (n = 100), a large proportion of introductions were from fur farms (23%), hunting (17%) and pet trade (15%). Moreover, if we only consider the last 10 years (1997–2007), eight intentional and 11 unintentional introductions have occurred. Cases of intentional introductions include the release of captive animals for ornamental purposes, for “fauna improvement”, or for hunting (i.e. aoudad Ammotragus lervia and eastern cottontail Sylvilagus floridanus)”.


� If birds are released within falconry but not recovered either intentionally or accidently when training fails, the birds have nonetheless been released into the wild. This may have dire consequences for biodiversity as released/escaped birds may hybridize with native and endangered species, thus having serious effects on the genetic integrity and local adaptations of the native species. Birds used in falconry can be the result of hybridization of species that would never occur in the wild. So it is not motivated to grant falconry an exemption from being considered a pathway of introduction of invasive alien species.


� “Hitchhiker” is sometimes and intermediate category between contaminant and stowaway. In this case the fact that the “contaminated” species is intentionally introduced is stressed.


� Intentional introductions are addressed in paragraph 5.1 (page 84), unintentional introduction in paragraph 5.2 (page 109) and paragraph 6.4 (page 182) concerns “Management of key IAS pathways “ (with an estimation of costs).


� IUCN Guidelines for the prevention of biodiversity loss caused by alien species. Prepared by the SSC Invasive Species Specialist Group. Approved by the 51st Meeting of the IUCN Council, Gland Switzerland, February 2000, 24 pp. See the Annexes’ section in this doc.


� International standards for phytosanitary measures: Guidelines for the export, shipment, import and release of biological control agents and other beneficial organisms. International Standards for Phytosanitary Measures. Publication 3. FAO, Rome.


� EPPO (2010) PM 6/2 (2): Import and release of non-indigenous biological control agents. EPPO Bulletin 40, 335-344.


� Thorpe J., Henderson N., Vandall J. 2006. Ecological and Policy Implications of Introducing Exotic Trees for Adaptation to Climate Change in the Western Boreal Forest SRC Publication No. 11776-1E06, May, 2006, 121 pp.


� European Commission 2010. COM(2010)66 final. GREEN PAPER on Forest Protection and Information in the EU:. Preparing forests for climate change. SEC(2010)163 final Brussels, 1.3.2010. "Forest": Land with tree crown cover (or equivalent stocking level) of more than 10 percent and area of more than 0.5 ha. The trees should be able to reach a minimum height of 5 m at maturity in situ. "Other wooded land" (OWL): Land either with a tree crown cover (or equivalent stocking level) of 5-10 percent of trees able to reach a height of 5 m at maturity in situ; or a crown cover (or equivalent stocking level) of more than 10 percent of trees not able to reach a height of 5 m at maturity in situ and shrub or bush cover.


� The Council Resolution of 15 December 1998 on a Forestry Strategy for the European Union established a framework for forest-related actions in support of sustainable forest management (SFM), based on the co-ordination of the forest policies of the Member States and Community policies and initiatives relevant to forests and forestry. It takes into account the commitments made by the EU and its Member States in the relevant international processes, in particular the UN Conference on Environment and Development in 1992 (UNCED) and its follow-up conferences, and the Ministerial Conferences on the Protection of Forests in Europe (MCPFE) (Strasbourg 1990, Helsinki 1993, Lisbon 1998 and Vienna 2003). The Strategy emphasises the importance of the multifunctional role of forests and SFM for the development of society, and identifies a series of key elements, which form the basis for its implementation. It states that forest policy lies in the competence of the Member States, but that the EU can contribute to the implementation of SFM through common policies, based on the principle of subsidiarity and the concept of shared responsibility. It also emphasises the implementation of international commitments, principles and recommendations through national or sub-national forest programmes or equivalent instruments, and active participation in all forest-related international processes, and stresses the need to improve co-ordination, communication and co-operation in all policy areas of relevance to the forest sector. No reference on exotic trees is found therein (http://ec.europa.eu/agriculture/fore/forestry_strategy_en.htm).


� Official Journal of the European Communities L 11/17, 15.01.2000 EN. Article 2, “(d) Autochthonous and indigenous means either of the following: (i) Autochthonous stand or seed source: An autochthonous stand or seed source is one which normally has been continuously regenerated by natural regeneration. The stand or seed source may be regenerated artificially from reproductive material collected in the same stand or seed source or autochthonous stands or seed sources within the close proximity; (ii) Indigenous stand or seed source: An indigenous stand or seed source is an autochthonous stand or seed source or is a stand or seed


source raised artificially from seed, the origin of which is situated in the same region of provenance. (e) Origin: For an autochthonous stand or seed source, the origin is the place in which the trees are growing. For a non-autochthonous stand or seed source, the origin is the place from which the seed or plants were originally introduced. The origin of a stand or seed source may be unknown.


� Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats and of wild fauna and flora. Article 22: “In implementing the provisions of this Directive, Member States shall: (a) (omissis) …; (b) 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 results of the assessment undertaken shall be forwarded to the committee for information”.


� COM(2011) 112 final, Brussels, 8.3.2011 “Communication from the Commission to the European Parliament, the Council, the European Economic and Social Committee and the Committee of the Regions. A Roadmap for moving to a competitive low carbon economy in 2050”.


� Cfr section “5.2.10. Sector specific impacts: Land Use, Land Use Change and Forestry” (p. 80), SEC(2011) 288 final, Brussels, 8.3.2011, Commission Staff Working Document. Impact Assessment. Accompanying document to the Communication from the Commission to the European Parliament, the Council, the European Economic and Social Committee and the Committee of the Regions. A Roadmap for moving to a competitive low carbon economy in 2050. [http://ec.europa.eu/clima/documentation/roadmap/docs/sec_2011_288_en.pdf].


� Ad Hoc Technical Expert Group Meeting on addressing the risks associated with the introduction of alien species as pets, aquarium and terrarium species, and as live bait and live food. Geneva, 16-18 February 2011. The draft includes reports from relevant conventions and organizations, including the second Inter-agency Liaison Group meeting on invasive alien species (14-15 February 2011, Geneva, Switzerland), the International Plant Protection Convention (IPPC), the World Organization for Animal Health (OIE), the Sanitary and Phytosanitary (SPS) Agreement of the World Trade Organization (WTO), and the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES). 17. The specific pathways addressed by this AHTEG were pets, aquarium species, live bait and live food identified originally as a gap in the international regulatory framework during the previous AHTEG held in 2005(UNEP/CBD/SBSTTA/11/INF/4). 46. It was noted that from an industry perspective the pet trade does not distinguish aquarium and terrarium species from the concept of pets, and that aquarium and terrarium species typically would also include associated plants, which are already covered under the mandate of IPPC and therefore not considered to be gaps in the international regulatory framework. It was therefore suggested that the meeting title could be reduced, to pets (including aquarium and terrarium species)’.  The group agreed to use the following definition of pet, “An animal kept for (personal) amusement or companionship”; and that the term “aquarium and terrarium species” could be subsumed under this term; and that scope is restricted to privately-kept animals. It was further noted that the term “live bait” might need some clarification as to how it will be defined in the AHTEG.  In a subsequent discussion of the term “live bait”, the following definition was suggested: “animal species transported live for use in recreational fishing” resulting in translocation into the natural environment in a different location. It was noted that the term, “live food” is not a widely agreed term. In a subsequent discussion of the term “live food”, there was some debate as to what the term should cover beyond marine and freshwater species used as live food. Following progress of the discussion, it was agreed that this definition of live food would be used for the purpose of this meeting: “Species that are not considered pests of plants, introduced as food for animals or human consumption, whose threat to biodiversity is not adequately considered in other applicable regimes, excluding the farmed species as livestock under proper management”.





� EAZA Minimum Standards for the Accommodation and Care of Animals in Zoos and Aquaria, 2008 Update of the EAZA Standards for Accommodation and Care of Wild Animals in Zoos (1994) and the Minimum Standards for the Accommodation and Care of Animals in Zoos and Aquaria (2006) - Approved by EAZA Council on 19 September 2008.


� Council Directive 1999/22/EC of 29 March 1999 “relating to the keeping of wild animals in zoos”. L 94/24 EN Official Journal of the European Communities 9. 4. 1999. Article 4 of the Directive requires that “Member States shall take measures under Articles 4, 5, 6 and 7 to ensure all zoos implement the following conservation measures: ... (omissis) ... preventing the escape of animals in order to avoid possible ecological threats to indigenous species and preventing intrusion of outside pests and vermin”. See also the Report on the Implementation of the EU Zoo Directive, Eurogroup for Animals 2008 [http://www.eurogroupforanimals.org/pdf/reportzoos1208.pdf] and the EU Zoo Inquiry 2011.


� http://wildlife1.wildlifeinformation.org/000ADOBES/D15_SecState_Standards_Zoos.pdf


� [Secretary of State’s Standards, section 2] 8.25 The perimeter boundary, including access points, should be designed, constructed and maintained to discourage unauthorised entry and, so far as is reasonably practicable, as an aid to the confinement of all the animals within the zoo. 8.26 Zoos must have systems in place to minimise the risks of theft, malicious damage or release of animals by intruders entering the grounds out of hours. 8.27 Zoo operators must assess whether any danger may arise in the event of an animal escaping from its enclosure, and consider the possible or likely attempted escape route from the zoo if this were to happen. 8.28 Every effort must be made, so far as it is reasonably practicable, to effect the recovery, live or dead, of any escaped animals. 8.29 The procedures to be adopted in the event of escapes within or from the zoo (or of accidental or unauthorised releases) of any animal should be brought to the attention of, and available to, all members of staff in a written document. 8.30 Procedures relating to escapes of animals should be established and include the following: the reporting of every escape by the quickest possible means to the most senior member of staff available; the response to an escape in all situations; for example, whether daytime staff are on duty, whether visitors are present, and whether more than one animal has escaped; what needs to be done in the event of an escape; including recapturing the animal, protecting visitors, alerting the police; the control of visitors, including reassurance, ushering into buildings, closing doors and windows, evacuating the zoo; the security of the perimeter barrier, involving the closure of all points of access to, and exit from, the zoo;  the provision of fire-arms and darting equipment to tranquillise or kill escaped animals, precise details of which to be discussed and agreed by the zoo operator and the local police; the provision of adequate equipment for members of any recapture party, including, where necessary, vehicle protection. 8.31 A member of staff should be readily available at all times to take decisions regarding euthanasia of escaped animals. 8.32 The zoo must establish a clear chain of responsibility, which must written and up to date. It must be notified to all staff, and posted on notice-boards in staff areas. 8.33 The zoo must be responsible for the selection of the appropriate fire-arm or darting equipment to deal with escaped animals. 8.34 Zoo operators must ensure that all members of staff are familiar with emergency procedures when animals escape. In particular, emergency drills must be carried out at least four times a year, recorded and regularly reviewed. 8.35 All escapes must be recorded and detailed reports made. Risk assessments must be continually reviewed in the light of experience. The standard licence condition 6 in Department of the Environment Circular 11/88 (Welsh Office14/88) requires notification to the local authority as soon as possible, and, in any case, not later than 24 hours following escape from the confines of the zoo of any non-domestic animal. 8.36 Zoos must consider the potential risks of releasing parasites, diseases or non-native plants and animals through effluent water and other routes. Waste water should be appropriately treated to ensure that this does not occur”.


� [http://www.centerforplantconservation.org/invasives/endorsementN.html]. In December 2001, experts from across the globe met in St. Louis, Missouri to explore and develop workable voluntary approaches for reducing the introduction and spread of non-native invasive plants, which are serious threats to protecting biodiversity and ecosystems in the United States and other countries. The Workshop on Linking Ecology and Horticulture to Prevent Plant Invasions was convened by the Missouri Botanical Garden and the Royal Botanic Gardens, Kew; and brought together some of the most respected leaders in their fields for the first time. This landmark three-day gathering yielded the Saint Louis Declaration, which consists of two major components: (1) Overarching Findings and Principles that frame the invasive species problem and present the underlying basis for successful efforts to address it; (2) Draft Voluntary Codes of Conduct that help govern decisions made by commercial, professional and government groups whose actions affect the spread of invasive plant species including government agencies, nursery professionals, the gardening public, landscape architects and botanic gardens and arboreta. In this framework, several codes have been prepared, such as Voluntary Codes of Conduct for Government, Voluntary Codes of Conduct for Nursery Professionals, Voluntary Codes of Conduct for Gardening Public, Voluntary Codes of Conduct for Landscape Architects, Voluntary Codes of Conduct for Botanic Gardens and Arboreta.


� [http://www.chicago-botanic.org/research/conservation/invasive/policy] In recent years, the CBG Garden has become more concerned about invasive plants. In the Garden’s native habitat areas, staff members conduct research on removing invasive plants and helping to prevent recolonization. The Garden also evaluates many of the plants collected abroad through its plant exploration program before they enter the permanent plant collections throughout the Garden. The Garden’s Collection Policy states that any plant "which has the potential to threaten the genetic diversity of local native populations, overly aggressive behaviour (weediness), or the ability to introduce pests or diseases will be screened and evaluated before being accepted into the collection." Today, with an increased awareness about the environmental and economic threats posed by invasive species, the Chicago Botanic Garden is expanding and strengthening its invasive plant policy. CBG Garden code states: (1) Species known to be invasive in the Chicago region will not be added to the Garden’s permanent collection. When species are determined to present a risk of becoming invasive, they will be removed from the collection and destroyed. The Garden will also develop, utilize and promote a list of acceptable non-invasive plants with similar landscape use as the plants being removed. (2) All species on the list of known invasive species on this website have been assigned one of two courses of action: (a) Remove – For known invasive species or cultivars, remove from Garden grounds as soon as possible and do not add to the Garden’s collection in future. (b) Phase out – For species that pose a lesser invasive risk, form significant structural features in landscape and will be costly and time-consuming to replace, phase out from the Garden over a five- to 10-year period. For additional taxa where invasiveness is suspected but not yet understood, evaluation will take place, or taxa will be placed on a watch list for further study. (3) Interpretation about many of the species under evaluation will be provided. The list will be reviewed annually and revised as needed. (4) Besides following all laws on importation and quarantine of plant materials across political boundaries, the Garden will perform risk assessment for all plants introduced to the Garden via the plant exploration program. Species new to the United States, whether herbaceous or woody, will also be evaluated for at least four years after reaching reproductive maturity. The evaluation will follow the protocols developed by the Plant Evaluation Program and must be completed prior to the species’ inclusion in the permanent collections. (5). The Chicago Botanic Garden will not distribute plants, seeds or cuttings or other propagules of any germplasm within its collections that is on its invasive species list or under evaluation for invasiveness. Plants that are, or would likely become, invasive in the Chicago region, or the Upper Midwest, will not be distributed via the Garden’s plant sales or the Chicagoland Grows plant introduction program. (6) The Garden will work to control invasive species in the native habitat areas, lakes and Garden grounds. Staff training in recognition and removal of invasive species will be implemented. The Garden will disseminate information about invasive species control based on its experiences. (7) The Conservation Science Department will conduct research on the biology of invasiveness and assist with the design and implementation of evaluation studies on the invasive potential of untested plant species. (8) The Ornamental Plant Development Department will evaluate the invasive potential of untested plants, and when appropriate, strive to develop non-invasive forms of known-to-be invasive landscape plants. (9) The Chicago Botanic Garden will educate the public and the nursery industry about preventing the introduction and spread of invasive species. Instructors for the School of the Chicago Botanic Garden will be asked to provide information about invasiveness, and not to recommend plants that the Garden is removing from the collections based on the issue of invasiveness. (10) The Garden will assess the threat that popular or common horticultural plants may present to related native plants in the wild. The possibility of hybridization threatening wild plant populations and their genetic integrity will be assessed. If a significant risk is present, alternatives to those horticultural plants will be sought. [Many of the policy statements are adapted from S. Reichard and P. White, 2000. Guidelines for Botanic Gardens with a Conservation Ethic. World Botanic Gardens Conservation Congress].


� Index Seminum, Anno 2010 Collectorum, Real Jardín Botánico, CSIC, Madrid, 2011 [http://www.rjb.csic.es/jardinbotanico/ficheros/documentos/pdf/index_seminum/indexseminum2011.pdf].


� [http://www.ortobotanico.unina.it/Index_%20Seminum_09_Orto_Botanico_Napoli.pdf].


� [http://www.bgbm.org/bgbm/Garden/IndexSem/2009/Index2009.pdf].


� [� HYPERLINK "http://www.botgart.uni–bonn.de/ipen/criteria.html" ��http://www.botgart.uni–bonn.de/ipen/criteria.html�].


� [http://www.bgci.org/ourwork/international_agenda/].


� Pyšek P., Lambdon P.W., Arianoutsou M., Kühn I., Pino J., Winter M. 2009. Chapter 4. Alien Vascular Plants of Europe, DAISIE, Handbook of Alien Species in Europe, Springer Science + Business Media B.V. 2009, pp 43-61 (paragraph 4.6 “main pathways to Europe” and references therein). “Among 2,024 naturalised plant taxa alien to Europe with information on the pathway of introduction, intentional introductions account for 63% and unintentional for 37%. Escapes of species cultivated for ornament and horticulture account for the highest number of species, 58% of the total. Only about 11 species can with certainty be attributed to intentional releases in the wild; this group is in many cases difficult to distinguish from “amenity” species (planted in semi-wild situations for practical purposes such as landscaping, e.g. iceplant Carpobrotus edulis or black locust Robinia pseudoacacia, often used for stabilisation of soil). Examples of deliberate releases include purple pitcher plant Sarracenia purpurea, which was deliberately introduced to bogs in the UK and Ireland by botanists, and smooth cordgrass Spartina alterniflora, introduced to salt-marshes, although arguably the latter can be also considered rather an amenity use. Contaminants of seed, mineral materials and other commodities are responsible for 403 introductions to Europe (17% of all species) and 235 species are assumed to have arrived as stowaways (directly associated with human transport but arriving independently of commodity). However, the number of stowaways is almost certainly underestimated due to technically difficult systematic recording of this pathway, e.g. seed admixtures. This underestimation is likely to be even more pronounced in unaided species, which are assumed to arrive by means independent of humans from a neighbouring region where they are not native. Forty one aliens of extra-European origin (2% of species alien to Europe) are a product of spontaneous hybridization involving one or both alien parents. The spectrum of pathways is very similar for the complete European alien flora, as both groups of aliens, in Europe and to Europe, do not substantially differ in the proportional contribution of individual pathways”.


� Essl F., Lambdon P.W. 2009. Chapter 3. Alien Bryophytes and Lichens of Europe, DAISIE, Handbook of Alien Species in Europe, Springer Science + Business Media B.V. 2009, pp 29-41 [Chapter 3, paragraph 3.7 “Main Introduction Pathways to Europe , pp 29-41]. “The most important introduction pathway is with ornamental plants (15 species), as an epiphyte or weed. Some literature sources identify certain species as being introduced “with soil”, but this may often also refer to soil in plant pots. The only other significant introduction pathway is unspecified accidental import as a stowaway on ships and planes, perhaps on clothing or goods. Only one species (Ricciocarpos natans), which floats on the surface of water and is used as an ornamental in garden ponds and aquaria is known to be introduced deliberately in northern Europe. For 45% of the alien bryophytes their mode of introduction is unknown. The negligible contribution of deliberate introductions contrasts strongly with vascular plants. Secondary spread often mainly depends on the dispersal capacity of the species. However, human activity may enhance it. ... (omissis) ...For lichens, introduction pathways are poorly understood; however, it is known that Lecanora conizaeoides has increased as a result of acidification of precipitation, and Parmelia submontana seems to be associated with alien trees and may thus be an accidental garden import  2002”).


� IUCN: Guidelines on Biofuels and Invasive Species. Gland, Switzerland, 2009, IUCN. 20 pp.


� Recommendation No 141 (2009) of the Standing Committee, adopted on 26 November 2009, on potentially invasive alien plants being used as biofuel crops





� See also: Simons, S.A. and De Poorter, M. (eds.) 2009. Best Practices in Pre-Import Risk Screening for Species of Live Animals in International Trade: Proceedings of an Expert Workshop on Preventing Biological Invasions, University of Notre Dame, Indiana, USA, 9-11 April 2008. Global Invasive Species Programme, Nairobi, Kenya. 30pp.


� [http://www.invasiveplantcouncilbc.ca/publications/TIPS/Seed_Mixtures_TIPS.pdf]


� [� HYPERLINK "http://www.tc.gc.ca/eng/marinesafety/oep-environment-ballastwater-defined-249.htm" ��http://www.tc.gc.ca/eng/marinesafety/oep-environment-ballastwater-defined-249.htm�].


� Entry into force: 12 months after ratification by 30 States, representing 35 per cent of world merchant shipping tonnage. The Convention is divided into Articles; and an Annex which includes technical standards and requirements in the Regulations for the control and management of ships' ballast water and sediments. Under Article 2 General Obligations, Parties undertake to give full and complete effect to the provisions of the Convention and the Annex in order to prevent, minimize and ultimately eliminate the transfer of harmful aquatic organisms and pathogens through the control and management of ships' ballast water and sediments.  Parties are given the right to take, individually or jointly with other Parties, more stringent measures with respect to the prevention, reduction or elimination of the transfer of harmful aquatic organisms and pathogens through the control and management of ships' ballast water and sediments, consistent with international law. Parties should ensure that ballast water management practices do not cause greater harm than they prevent to their environment, human health, property or resources, or those of other States. Under Article 5 Sediment Reception Facilities, Parties undertake to ensure that ports and terminals where cleaning or repair of ballast tanks occurs have adequate reception facilities for the reception of sediments. Article 6 Scientific and Technical Research and Monitoring calls for Parties individually or jointly to promote and facilitate scientific and technical research on ballast water management; and monitor the effects of ballast water management in waters under their jurisdiction. Ships are required to be surveyed and certified (Article 7 Survey and certification) and may be inspected by port State control officers (Article 9 Inspection of Ships) who can verify that the ship has a valid certificate; inspect the Ballast Water Record Book; and/or sample the ballast water. If there are concerns, then a detailed inspection may be carried out and "the Party carrying out the inspection shall take such steps as will ensure that the ship shall not discharge Ballast Water until it can do so without presenting a threat of harm to the environment, human health, property or resources." All possible efforts shall be made to avoid a ship being unduly detained or delayed (Article 12 Undue Delay to Ships). Under Article 13 Technical Assistance, Co-operation and Regional Co-operation, Parties undertake, directly or through the Organization and other international bodies, as appropriate, in respect of the control and management of ships' ballast water and sediments, to provide support for those Parties which request technical assistance to train personnel; to ensure the availability of relevant technology, equipment and facilities; to initiate joint research and development programmes; and to undertake other action aimed at the effective implementation of this Convention and of guidance developed by the Organization related thereto. The specific requirements for ballast water management are contained in regulation B-3 Ballast Water Management for Ships: e.g., Ships constructed before 2009 with a ballast water capacity of between 1500 and 5000 cubic metres must conduct ballast water management that at least meets the ballast water exchange standards or the ballast water performance standards until 2014, after which time it shall at least meet the ballast water performance standard. Ships constructed before 2009 with a ballast water capacity of less than 1500 or greater than 5000 cubic metres must conduct ballast water management that at least meets the ballast water exchange standards or the ballast water performance standards until 2016, after which time it shall at least meet the ballast water performance standard. Ships constructed in or after 2009 with a ballast water capacity of less than 5000 cubic metres must conduct ballast water management that at least meets the ballast water performance standard. Ships constructed in or after 2009 but before 2012, with a ballast water capacity of 5000 cubic metres or more shall conduct ballast water management that at least meets the standard described in regulation D-1 or D-2 until 2016 and at least the ballast water performance standard after 2016. 


� MAF Biosecurity New Zealand (MAFBNZ) is the division of the Ministry of Agriculture and Forestry charged with leadership of the New Zealand Biosecurity system, including preventing the introduction of marine non-indigenous species.


� International Maritime Organization (IMO), Sub-Committee on Bulk Liquids and Gases (BLG), [www.imo.org]


� Transport of infested fruit should be described and classified in the previous section of the classification proposed by Hulme et al. (2008), i.e. “Contaminant Pathway”. Nevertheless it is described here as a special case of the more general Stowaway pathways, that includes travellers’ pathway, and the so called hitchhikers IAS. In this case, infested fruits are found in the baggage of passengers. Indeed, it is questionable whether fruit pest that travels in fruits carried by passengers are contaminants or stowaways.


� Cfr: Joomaye, A. & Price N.S. (1999) Pest Risk Analysis and quarantine of fruit flies in the Indian Ocean Region. Indian Ocean Regional Fruit Fly Programme. Ministry of Agriculture, Food Technology and Natural Resources. [Available online at: � HYPERLINK "http://www.gov.mu" ��http://www.gov.mu�].


APHIS-USDA (2006) Importation of fresh mango fruit (Mangifera indica L.) from India into the Continental United States. A qualitative, pathway-initiated Pest Risk Assessment. Plant Protection Quarantine. Version: Rev. 04.


Caton, B.P. & Griffin, R.L. (2005) Qualitative Assessment of Plant Pest Risk Associated with Fruits and Vegetables in Passenger Baggage and the Probable Impact of Phytosanitary Certification Requirements. USDA-APHIS.


Hennessey, M. & Miller C.E. (2004) Host Status of Citrus spp. for Anastrepha obliqua (Diptera: Tephritidae). USDA-APHIS. [Available online at: www.aphis.usda.gov/plant_health/.../obliquahosts112904.pdf].


McCullough, D.G., Work T.T. Cavey J.F, Liebhold A.M. & Marshall D. (2005) Interceptions of nonindigenous plant pests at U.S. ports of entry and border crossings over a 17-year period. Biological Invasions 8(4): 611-630.


National Research Council (2002) Predicting invasions of nonindigenous plants and plant pests, 194 pp. National Academy Press, Washington, DC. [Available online at: www.nap.edu/books/0309082641/html].


New Zealand Ministry of Agriculture and Forestry (2002) Requirements for clearance of air passengers, aircrew and baggage. MAF Biosecurity, Wellington. Available online at: www.biosecurity.govt.nz/files/regs/stds/bmg-std-airpx.pdf


Rainwater, H.I. (1963) Agricultural insect pest hitchhikers on aircraft. Proceedings, Hawaiian  Entomological Society 18: 303–309.


� M.R. McNeill, T.A. Payne, D.T. Bewsell. Tourists as vectors of potential invasive alien species and a strategy to reduce risk. [Report available at: http://www.lincoln.ac.nz/PageFiles/7235/McNeill.pdf].


� See also, ICAO Assembly Resolution A-32-9: Preventing the introduction of invasive alien species (1998); ICAO General Assembly Resolution A33-18, adopted at the 33rd Session, Montreal 2001: urges Contracting States to take mutually supportive efforts to reduce the risk of introducing potential IAS via this pathway to areas outside their natural range.


� E.g., see for Italy the “Deliberazione del Comitato Interministeriale per la Programmazione Economica datet 1st August 2008 (Gazz. Uff., 5th March 2008, no. 53). - Programma delle infrastrutture strategiche (legge n. 443/2001). Ammodernamento ed adeguamento dell'autostrada Torino-Milano tronco II (Novara est-Milano) etc.” with best practices for reducing the spread of Ambrosia artemisiifolia.


� Secretariat of the Convention on Biological Diversity (2009). Connecting Biodiversity and Climate Change Mitigation and Adaptation: Report of the Second Ad Hoc Technical Expert Group on Biodiversity and Climate Change. Montreal, Technical Series No. 41, 126 pages [http://www.cbd.int/doc/publications/cbd-ts-41-en.pdf]..


� Recommendation No. 142 (2009) of the Standing Committee, adopted on 26 November 2009, interpreting the CBD definition of invasive alien species to take into account climate change. Cfr also UNEP/CBD/COP/6/20 (Page 249) VI/23. Alien species that threaten ecosystems, habitats or species.


� Migratory Species and Climate Change: Impacts of a Changing Environment on Wild Animals, UNEP / CMS Secretariat, Bonn, Germany. 68 pages


� Available at: http://your.kingcounty.gov/dnrp/library/water-and-land/weeds/BMPs/Knotweed-Control.pdf


� E.g., Potter S. 2007. The Quarantine Protection of Sub-Antarctic Australia: Two Islands, Two Regimes. Island Studies Journal, Vol. 2, No. 2, 2007, pp. 177-192. See also: Pierce R. 2011. Conservation Lessons Learned Technical Series 8: Biosecurity Guidelines for the Phoenix Islands Protected Area, Kiribati. Conservation International, Apia, Samoa [http://www.conservation.org/Documents/CI_CEPF_Biodiversity_Conservation_Lessons-8-PIPA-Biosecurity.pdf].


� Veitch C.R. & Clout M.N.(2002) Turning the Tide: the Eradication of Invasive Species. Gland, Switzerland and Cambridge, UK: IUCN Species Specialist Group.


� E.g., see Guidelines for Invasive Species Management in the Pacific. A Pacific strategy for managing pests, weeds and other invasive species. compiled by Alan Tye - Apia, Samoa : SPREP, 2009.


� [http://www.ag.gov.au/cca] - The Independent Review of Australia’s Quarantine and Biosecurity Arrangements Report to the Australian Government


� Hulme P., Pyšek P., Nentwig W. & Vilà M. 2009. Will threat of biological invasions unite the European Union? Science 324: 40–41.
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