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13.1 Introduction

The root cause of the biological invasion problem is global-
ization, which has facilitated the planet-wide breakdown of
biogeographic barriers to species migration (Mooney and
Hobbs 2000). In order to understand and manage the prob-
lem, coordination on a global scale is essential, and interna-
tional cooperation among affected countries as well as with
countries of pest origin must therefore play a critical role in
virtually all aspects of research on biological invasions
(Chornesky et al. 2005; McNeely et al. 2001; Perrings et al.
2010; Wingfield et al. 2015). Here we discuss key aspects of
research on biological invasions, where international collab-
oration and coordination are important, and what infrastruc-
tures play a role in this work.
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The study of invasive species in both their native and
introduced ranges is critical to mitigating the invasion prob-
lem. The translocation of organisms beyond their native
ranges can, in some cases, simply extend the range of species
that are already pests, and in other cases it can create new
pests. It is widely hypothesized that such translocations
result in novel ecological interactions, which may cause
these introduced (non-native) species to become more abun-
dant and/or modify their ecosystem impacts in their new
range (e.g., Broennimann et al. 2007; Torchin et al. 2003).
Based on this assumption, several mechanisms have been
proposed to explain why introduced species sometimes
become serious pests in their new ranges (Colautti et al.
2004; Mitchell et al. 2006). Remarkably few studies have
actually quantified the abundance and impact of invading
species in both native and introduced ranges, to test the
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occurrence of assumed novel ecological interactions (but see
Firn et al. 2011; Parker et al. 2013). Nonetheless, there are
well-documented examples of non-native plants or animals
that became serious pests as a result of their invasions alter-
ing hydrology, nutrient availability, fire regimes, etc. in ways
that extensively change the recipient environment (see Chap.
2). Many vertebrate predator species not known to be prob-
lem species in their native ranges have become devastating
pests after being introduced to island ecosystems that histori-
cally lacked predators (Blackburn et al. 2004). Extreme pop-
ulation growth and impacts on susceptible host trees,
exhibited by many non-native herbivorous insects and tree
pathogens, can be attributed in some cases to their lack of
top-down control by natural enemies, or, in other systems, to
a lack of coevolved resistance in host trees (Bonello et al.
2006; Colautti et al. 2004; Keane and Crawley 2002). In
many cases, the transformations that create pests are much
more subtle and can only be understood via international col-
laborations by studying the invader’s population dynamics
and community interactions in both its native and introduced
ranges (Hierro et al. 2005).

In order to address the question of why non-native spe-
cies transform into invasive pests when introduced into a
new geographic range, it is critical to understand the spe-
cific changes in their ecology and community interactions
that allow them to become pests. Acquiring that knowledge
requires understanding how ecological interactions differ in
a species’ native and introduced ranges. For example, the
enemy release hypothesis postulates that non-native species
become problematic in their newly invaded ranges because
they are released from population controls afforded by their
specialist natural enemies (Keane and Crawley 2002). If this
hypothesis is valid, then introducing natural enemies from
the pest’s native range could potentially reestablish control
over its populations in the newly invaded range. This con-
cept provides the theoretical basis for classical biological
control, i.e., the introduction of natural enemies from the
pest’s native range to control its populations in the invaded
range (van Driesche and Bellows 1996), a widely applied
management tool for invasive pests which in many cases has
proven to be highly successful (Huffaker and Kennett 1959;
McFadyen 1998; van Driesche et al. 2008) (see Chap. 7).
Similarly, when the pestilence of non-native insects or
pathogens can be attributed to a lack of coevolved host tree
resistance, this suggests that benefits may be gained through
breeding for tree resistance (Sniezko 2006) (see Chaps. 7
and 8).

Whether translocations create new invasive pests or sim-
ply extend populations of pests, study of the invasive pest in
both its native and newly invaded range can be crucial to the
development of effective management strategies (e.g.,
McEvoy and Coombs 1999). Accordingly, for a non-native
organism which becomes an invasive pest due to its translo-

cation to a new range, comparing its population biology in
the native and invaded ranges can identify which factor(s)
drives population release in the newly invaded range, infor-
mation that may be critical in formulating management strat-
egies. For organisms that are known pest species in both
ranges, studies of their populations in the native range before
they are sufficiently abundant to study in the new range can
be critical to containing and controlling the invader before it
becomes widespread. Furthermore, when eradication is
being employed, it is impractical to work with target organ-
isms in the field in the introduced range; aside from working
in a quarantine facility, the only alternative for acquiring
needed research involves conducting biological studies in
the native range or elsewhere within the introduced range.
Consequently, international collaboration among researchers
and managers across the native and introduced ranges is
crucial.

All biological invasions can be partitioned into three
major phases: arrival, establishment, and spread. Management
strategies corresponding to each of these phases are preven-
tion of species arrival, eradication (purposefully driving a
species to extinction over a specific area) to prevent estab-
lishment, and containment to prevent or slow spread (see
Chap. 6). Once non-native species become widely estab-
lished and eradication is no longer possible, other manage-
ment options, such as biological control or breeding resistant
trees, may be appropriate (see Chaps. 7 and 8).

13.2 Prevention

A key step in the prevention of destructive invasions is to
identify potentially damaging species in native habitats in
their regions of origin and use this information to designate
import quarantines. However, obtaining information about
potential invaders, both in their native ranges and invaded
ranges outside of the United States, may be difficult. Thus,
international collaboration and data sharing are critical to
implementing effective biosecurity strategies.

Available Data Information that is available through the
public domain has vastly increased our ability to access and
share specialized information on invasive species. The
International Association for the Plant Protection Sciences
disseminates largely informal reports on plant pests and their
management in both their native and invaded ranges through
a dedicated website, Global Plant Protection News (https://
iapps2010.me). The Centre for Agriculture and Bioscience
International’s (CABI) Invasive Species Compendium
(https://www.cabi.org/isc) is an encyclopedic resource with
detailed datasheets that have been sourced from experts and
peer-reviewed literature and includes images and range
maps. The North American Plant Protection Organization’s
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(NAPPO) Phytosanitary Alert System (PAS) https://www.
pestalerts.org) provides up-to-date information on develop-
ing plant pest problems that are just beginning or are likely
to become significant in North America. The mission of the
PAS is to facilitate awareness, detection, prevention, and
management of new or potential exotic pest species through
official pest reports and emerging pest alerts. Official pest
reports are provided by the respective national plant protec-
tion organizations of Canada, the United States, and Mexico
and serve as the official communication from the country of
origin to comply with the International Plant Protection
Convention’s (IPPC) Standard on Pest Reporting (ISPM-17).
Pest reports typically contain useful information on an inva-
sive species: (1) detection or eradication in a specified loca-
tion, (2) updated regulated areas, and (3) reports on new
establishments or expansion of quarantine areas. Emerging
pest alerts are not official NAPPO communiqués but instead
are relevant (but unvetted) communications obtained from
public sources that are posted on the PAS. Alerts are intended
to function as an early warning tool for emerging plant pests
that are not yet present in North America. The National
Agricultural Pest Information System’s Pest Tracker (http://
pest.ceris.purdue.edu/index.php) provides information and
distribution maps for invasive species already established in
the United States, organized by taxonomic category as fol-
lows: bacteria, fungi, gastropods, insects, mites, nematodes,
phytoplasma, plants, viruses, and others. This resource could
be useful for identifying invasions occurring in new areas of
the United States or forecasting potential local invasion sites
based on their proximity to established populations and habi-
tat similarities.

The US Department of Agriculture Animal and Plant
Health Inspection Service (USDA APHIS) has regulatory
responsibility for protecting U.S. agricultural and natural
resource interests. The plant health branch of the APHIS,
Plant Protection and Quarantine (PPQ), has a mandate to
safeguard U.S. agriculture and natural resources against the
entry, establishment, and spread of economically and envi-
ronmentally significant pests and to facilitate the safe trade
of agricultural products. The Center for Plant Health Science
and Technology (CPHST) depends on international data and
collaborations to provide information, tools, and technology
for scientific support of PPQ’s regulatory decisions and
operations. Within the CPHST, the Plant Epidemiology and
Risk Analysis Laboratory (PERAL) assesses pest risks
incurred through the import and export of plant products.
PERAL participates in a range of risk assessment activities
under the auspices of various working groups and units. The
New Pest Advisory Group (NPAG) assesses non-native
plant pests that are new or not yet present in the United
States but may pose a risk to US agriculture or the environ-
ment. The Exotic Pest Information Collection and Analysis

(EPICA) project provides early warning of emerging non-
native plant pest threats before they reach the United States,
through weekly e-mailed reports based on open-source
plant health information analyzed and communicated within
a PPQ-relevant context. The Global Pest and Disease
Database is a secure database of scientific information about
potentially invasive pests of concern to U.S. agriculture and
is maintained and operated by the National Science
Foundation’s Center for Integrated Pest Management, with
oversight and input on the content and direction of the data-
base provided by the CPHST. The predictive weed screen-
ing model has been developed by PERAL to identify plants
that are likely to become weedy or invasive in the United
States, based on species biological traits; impacts to agricul-
tural, natural, and anthropogenic systems; and history of
invasiveness elsewhere in the world (see Chap. 6).

Risk Assessment For prevention purposes, international
data collection and collaboration are particularly critical to
understand whether species have become invasive anywhere
outside their native range. This single variable, whether or
not a species is already reported as invasive elsewhere, is
among the most consistent predictors of the risk of species
establishment in a new location (e.g., Bomford et al. 2009;
Panetta 1993; Samways 1999). However, the surge in inter-
national trade means that increasing numbers of species with
no history of prior translocation will also be introduced
(Perrings et al. 2010). Risk assessment methods will, there-
fore, be increasingly important (see Chap. 6).

The International Pest Risk Research Group (IPRRG) is a
science network that enables sharing of data and expertise
for prevention of invasive species. The IPRRG is an interdis-
ciplinary group with a diverse international composition that
facilitates collaborative research and information sharing to
improve plant pest risk modeling and mapping methods. Pest
risk in this context refers to the likelihood that an alien spe-
cies will invade and cause harm within an endangered area.
Pest risk models and maps are powerful tools to support
decision-making in international trade, domestic quaran-
tines, biosecurity surveillance, or pest-incursion responses.
Research in this area helps provide a thorough description of
the potential harmful impacts of invasive pests across space
and time and ultimately to provide a more rigorous estima-
tion of risk and more useful information for decision-makers.
This research is inherently multidisciplinary, so the IPRRG
includes more than 100 ecologists, economists, modelers,
and practicing risk analysts from around the world. The
group also works to communicate the research findings of its
members to policymakers and other biosecurity, production,
and natural resource sector stakeholders through peer-
reviewed publications, technical presentations, and training
sessions.
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Research on plant pests is a dynamic field that has been
rapidly advancing in the last two decades. With many new
concepts and advanced methodologies being developed, it
becomes increasingly difficult for practitioners and policy-
makers to identify and use the most appropriate risk assess-
ment methods for a particular pest organism. Research
produced by IPRRG members has helped identify the most
important activities and risk assessment methodologies to
prevent the introduction of invasive alien plant pests (Venette
et al. 2010). The IPRRG considers some of the most pressing
research needs, ensuring inclusion of better measures and
representations of uncertainty, reliable metrics of impact,
incorporation of climate change (into pest risk forecasts),
and clarification of how human activities might affect the
course of invasions. Initial solutions to some of these needs
were addressed by the group in a special issue of the interna-
tional journal NeoBiota (Kriticos and Venette 2013) and a
textbook (Venette 2015).

In contrast with species-specific risk assessment for plant
pests, a more generalized weed risk assessment system has
now been tested in many regions and countries, with produc-
tive data sharing (Chap. 6). The tool, first developed in
Australia (Pheloung et al. 1999), has demonstrated similar
accuracy in tropical and temperate climates and island and
continental geographies (Gordon et al. 2008) and forms the
basis of the weed risk assessment system developed by the
USDA APHIS PPQ (Koop et al. 2012). Additional research
has demonstrated that weed risk assessment systems devel-
oped for one geographical area are relevant in new locations
with similar climates (Chong et al. 2011). This result illus-
trates the benefits of online archiving of weed risk assess-
ment datasheets (Chap. 6). An international collaboration
has also developed specific guidance for use of weed risk
assessments to increase consistency and utility of these tools
(Gordon et al. 2010).

Another risk assessment approach for identifying species
abroad that hold potential to damage forest trees in the
United States or elsewhere is the use of sentinel plantings
(Britton et al. 2010; Roques et al. 2015). Under this concept,
either new plantings of non-native plants or existing plant-
ings in arboreta are monitored for damage by insects or dis-
eases in overseas locations. Such monitoring in foreign
locations serves to identify potentially invasive insects and
diseases capable of severely damaging native tree species
should they be introduced. This information then can be used
to inform the implementation of quarantines and other prac-
tices designed to prevent these pest species from establishing
in the native range of the sentinel species. This is based upon
the tendency of many of the worst invasive pests to cause
extensive damage because native tree species lack resistance
to introduced insects and diseases with which they have no
prior evolutionary exposure (Ploetz et al. 2013). The
International Plant Sentinel Network (http://www.plantsenti-

nel.org) was established to provide an early warning system
for new and emerging pest and pathogen risks monitored via
sentinel plants. Scientific evidence of known quarantine
organisms and potential new risks collected from member
gardens (e.g., botanical gardens, arboreta) helps NPPOs pri-
oritize plant health activities, thereby safeguarding suscepti-
ble plant species worldwide.

Quarantine The World Trade Organization’s Agreement on
the Application of Sanitary and Phytosanitary Standards
(SPS) identifies the IPPC as the international body respon-
sible for setting standards for phytosanitary treatments and
other plant quarantine activities (MacLeod et al. 2010). At
the heart of these standards is the premise that all phytosani-
tary rules imposed by countries must be scientifically based.
The quest for scientifically based quarantine practices thus
provides challenges for researchers to develop methods for
both identifying and mitigating risks.

The International Forestry Quarantine Research Group
(IFQRGQ) is a scientific advisory body composed of scientists
from around the world (including the USDA Forest Service)
that provides the IPPC with key information for setting pol-
icy and identifying research priorities on quarantine and
other prevention activities. Over the last two decades, Forest
Service scientists working in support of the IFQRG have
played key roles in developing ISPM-15, an international
standard for phytosanitary measures ratified by the IPPC that
specifies mandatory treatment of solid wood packing mate-
rial used to ship products between countries. Its main pur-
pose is to provide a mandatory, harmonized phytosanitary
treatment to prevent the international transport and spread of
plant diseases and pest insects. Forest Service scientists
played a key role in the original specification of the ISPM-15
treatment and in evaluation of its operational impact
(Brockerhoff et al. 2014; Haack and Petrice 2009; Haack
et al. 2014).

Additional Prevention Approaches Another area where
international scientific collaboration plays a key role in pre-
venting the introduction of invasive species is through iden-
tifying invasion pathways. By analyzing patterns of historical
establishments around the world and categorization of organ-
isms intercepted by port inspectors, scientists have made
progress in identifying important pathways for insect, dis-
ease, vertebrate, and plant invasions, which include solid
packing material, imported live plants, air passengers, and
containerized cargo (Brockerhoff et al. 2016; Liebhold et al.
2006, 2012, 2016a; Smith et al. 2009). Identification of inva-
sion pathways provides critical information necessary for
implementing phytosanitary measures. Pathway identifica-
tion has also made it possible to identify when and where to
strategically apply prophylactic treatments such as
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fumigation, insecticide applications, disinfection, cold, heat,
and irradiation or physical pest removal offshore, as part of a
systems approach to phytosanitation (Hennessey et al. 2014).

The implementation of quarantine practices outside of
North America can be highly effective in preventing the
establishment of new invasions in the United States. One rea-
son for this is the “bridgehead effect,” in which a species
may initially invade one part of the world where it becomes
abundant and thus a source for accidental transport else-
where (Garnas et al. 2016). Implementing globally harmo-
nized quarantine measures is ultimately a more effective
approach to mitigating economic impacts than implementing
activities made after a pest is detected in the United States
(Perrings et al. 2010). Realizing this approach, however, may
necessitate investing in capacity building of quarantine and
research programs in other countries, particularly those with
developing economies. The Food and Agriculture
Organization (FAO) of the United Nations conducts exten-
sive capacity building through their Regional Forest Invasive
Species Networks (http://www.fao.org/forestry/pests/en).

The USDA APHIS’ International Technical and
Regulatory Capacity Building Center specializes in program
coordination, including technical and regulatory capacity
building efforts with US and foreign government counter-
parts. The Center focuses on training and technology transfer
needed to support sanitary and phytosanitary (SPS) issues
related to safeguarding of US agriculture from foreign plant
pests and animal diseases as well as expanding US interna-
tional trade.

The USDA Foreign Agricultural Service also supports
international SPS capacity building. Scientists in the United
States are invested in overseas research capacity building in
the fields of taxonomy and species identification, surveil-
lance, and phytosanitary practices that will facilitate pest-
free imports to the United States. These ongoing efforts to
share scientific expertise abroad ultimately benefit the United
States by reducing the probability that invasive species enter
invasion pathways.

International education on the nature of invasive species
and their impacts is an important measure to limit the global
spread of species. This is especially true for plant, vertebrate,
and aquatic species which often are intentionally introduced.
Many purposeful introductions are initiated with good inten-
tions, often by educated but ill-informed professionals who
are not fully aware of the potential repercussions of introduc-
ing species to a new habitat. For example, many international
nongovernmental organizations (NGOs), in their quest to
seek alternative food resources for developing countries,
stock aquaculture ponds with non-native tilapia or other fish.
Once these fish escape, they invade adjacent aquatic habitats
and often have deleterious impacts on native fish and inverte-
brates (e.g., Peterson et al. 2005). More recently, NGOs and
countries have attempted to combat mosquito-borne diseases

(e.g., Zika virus, dengue fever) by introducing non-native
predators such as mosquito fish (Gambusia affinis) or gup-
pies (Poecilia reticulata) (Azevedo-Santos et al. 2016).
Some of these introductions may have resulted in negative
impacts to native aquatic habitats, and yet their effectiveness
has often never been determined.

A key area of research that requires international coopera-
tion is genetic characterization of pest species across their
invaded and native ranges. Such analyses can provide critical
information about the chronology and source of historical
invasions (e.g., for plant pests: Boissin et al. 2012; Dutech
et al. 2012; Havill et al. 2016; for invasive plants: Gaskin
et al. 2013; Tarin et al. 2013; Williams et al. 2005). Since it
is usually not clear exactly where an introduced pest origi-
nated, genetic analysis can often pinpoint the source locality
and better determine the pathway of introduction. This infor-
mation is particularly useful when conducting foreign explo-
ration for new biological control agents and for identifying
natural enemies that are well adapted to the specific strain of
pest that was introduced. Genetic characterization can also
provide critical information for identifying cryptic strains,
siblings, or hybrids of species (e.g., Gwiazdowski et al.
2011; ToSevski et al. 2011; Ward et al. 2009). For example,
hemlock woolly adelgid (Adelges tsugae), an introduced
insect pest of hemlock (7suga spp.) trees in the Eastern
United States, was known to occur throughout East Asia and
Western North America; however, the source of the introduc-
tion was unknown. Genetic studies showed that there are up
to eight genetically divergent groups in Asia, that the source
of the introduction to the Eastern United States was Southern
Japan, and that the strain in Western North America is native
to that region and probably arrived there just prior to the last
glacial period (Havill et al. 2016). Consequently, the search
for the most effective natural enemies of hemlock woolly
adelgid is now focused in Japan and Western North America
(Havill et al. 2014). Completing studies of this nature
requires international collaborations between scientists in
the invaded countries and scientists in source countries, who
can provide critical local taxonomic expertise and logistical
support for collecting samples.

13.3 Surveillance/Eradication

Surveillance for populations of newly arrived non-native
species is crucial to their early detection, and eradication is
most likely to be successful when target populations are still
small (Liebhold et al. 2016b; Rejmanek and Pitcairn 2002)
(see Chap. 6).

Most surveillance programs for non-native insects utilize
attractant traps baited with pheromones or host attractants. In
order to develop such lures, it is often necessary to conduct
field tests abroad in the species’ native range. For example,
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studies of pheromone communication used in surveillance
trapping can most effectively be carried out in world regions
where these species are already established. International
collaboration is thus key to developing effective surveillance
programs. There are numerous examples of Forest Service
scientists collaborating with overseas scientists to test semio-
chemical attractants abroad (e.g., Fan et al. 2010; Meng et al.
2014). One of the challenges arising in programs to eradicate
newly discovered insect populations is the lack of informa-
tion on efficacious treatment methods. Frequently, little
information is available on how to control these species even
in their native ranges. Consequently, it may be necessary to
evaluate treatment methods in the organism’s native range.
For example, Forest Service scientists collaborated with
APHIS PPQ staff and Chinese scientists to test the efficacy
of different insecticide treatments for Asian long-horned
beetle (Anoplophora glabripennis) populations in China so
that these methods could be applied for eradication of incipi-
ent Asian long-horned beetle populations in the United States
(Poland et al. 2006; Wang et al. 2003) (Fig. 13.1).

In recent years, there has been considerable progress in
understanding the population biology of invading organisms
and applying that knowledge to develop more effective strat-
egies for eradicating invasive populations. As in other set-
tings, sharing of experiences and knowledge about
eradication efforts among countries can provide valuable
information. One example of this approach was formation of
a working group at the National Center for Ecological
Analysis and Synthesis (University of California, Santa
Barbara) entitled “Applying population ecology to strategies
for eradicating invasive forest insects.” This group consisted
of an international team of scientists that investigated more
effective strategies for detecting and eradicating invading

Fig. 13.1 Dr. Leah Bauer (USDA Forest Service) (left) and Xiaoyi
Wang (Chinese Academy of Forestry) examining parasitized emerald
ash borer larvae in ash trees in Liaoning Province, China, 2013 (Photo
by Jian Duan, ARS)

forest insect populations (Liebhold et al. 2016b). One prod-
uct of this work was the assembly and analysis of a global
database of insect eradication programs that yielded new
insight into the determinants of successful eradication pro-
grams (Kean et al. 2016; Tobin et al. 2014).

Once non-native species become established, they enter
the spread phase, during which they expand their range into
previously unoccupied habitats. Predictions of future spread
are valuable to many different activities, including forest
management, where knowledge of when an invading species
is likely to invade new regions may be crucial. An example
of how international collaboration has provided critical
knowledge about spread is provided by the Sirex woodwasp
(Sirex noctilio). This species, native to Europe, invaded most
pine-growing regions of the Southern Hemisphere several
decades ago but only recently became established in the
Northeastern United States. An international team of insect
ecologists assembled and analyzed data on the historical
spread of this insect in various regions of the Southern
Hemisphere and used this valuable information to predict the
future spread of Sirex woodwasp in North America
(Lantschner et al. 2013).

In the cases of plant invasions, international collaboration
is needed particularly with reciprocally exchanged species.
Plant ecologists in Eastern Asia, Europe, and North America
are focusing on exchanges of species among the three conti-
nents as a direct result of rapidly growing travel and trade,
the implications of these exchanges in facilitating the intro-
duction and spread of invasive species, and the environmen-
tal and economic impacts associated with these invasions.
Because Eastern Asia and North America share a wide range
of similar environments, species native to one region increas-
ingly find suitable habitat for establishment in the other
(Heberling et al. 2017). Some species have become invasive,
disrupting ecosystems and food webs, threatening native
species, causing economic losses, and occasionally jeopar-
dizing the health of wildlife, domestic animals, and human
populations (e.g., Gordon 1998).

13.4 Mitigation

Biological control is an important component of invasive
species research programs. A key aspect of biological con-
trol research is the search for natural enemies of invasive
pests in their native range followed by intensive studies and
analysis of their population ecology and host specificity, to
ascertain their potential utility in the safe regulation of tar-
geted pests and mitigation of their impacts at the population
level.

The emerald ash borer (EAB) (Agrilus planipennis) bio-
logical control effort is an excellent example of a successful
overseas exploration for natural enemies of an invasive pest.
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A team comprised of USDA Forest Service, Agricultural
Research Service (ARS), and APHIS scientists worked with
collaborators in China and Russia (Fig. 13.2) to search out
populations of EAB in its native range from which parasit-
oids were reared and eventually shipped to quarantine facili-
ties in the United States. There, the team performed host
specificity experiments and ultimately released one egg and
four larval parasitoids which have established in parts of the
EAB’s range (Bauer et al. 2015; Duan et al. 2012, 2015a; Liu
et al. 2003). While these introductions are not anticipated to
stop the current EAB outbreak that is sweeping across the
Eastern and Central United States, there is a good chance
that these agents will eventually contribute to the regulation
of post-epidemic populations at levels low enough to allow a
population of host ash (Fraxinus spp.) trees to persist and
reproduce (Duan et al. 2015b).

Classical biological control of invasive toadflaxes (Linaria
spp.) has relied on collaboration among US (Forest Service,
Colorado and Montana State Universities), Canadian
(Agriculture and Agri-Food Canada), Swiss, and Serbian
(CABI) researchers. Initial reports based on greenhouse- and
garden-based host specificity tests conducted overseas indi-
cated that most biocontrol agents were equally effective
against yellow toadflax (L. vulgaris) and Dalmatian toadflax
(L. dalmatica). These proved to be inaccurate under North
American field conditions. Subsequent molecular diagnos-
tics revealed that releases (and redistributions) of the toad-
flax stem mining weevil (Mecinus janthinus) (Coleoptera:
Curculionidae) included a cryptic sister species (M. janthini-
formis) and that the two weevil species were highly host spe-
cific (ToSevski et al. 2011). Climate matching challenges and
the confirmed hybridization of yellow and Dalmatian toad-
flax (Ward et al. 2009) have necessitated the continuing
search for candidate agents.

Fig. 13.2 Dr. Therese Poland
(USDA Forest Service) (upper
right) and collaborators from
the Chinese Academy of
Forestry and Baiyin City
Forest Protection Bureau
dissecting trees injected with
systemic insecticides and
examining Asian long-horned
beetle mortality 4 months
after treatment in Gansu
Province, China, October
2000 (Photo by Leah Bauer,
USDA Forest Service)

Several organizations provide support for biocontrol
research collaboration among countries. Voluntary member-
ship in the International Organization for Biological Control
(IOBC) facilitates collaboration on a global scale among for-
eign and domestic scientists working toward biological con-
trol solutions. The ARS Overseas Biological Control
Laboratories provide research infrastructure and networks
critical for conducting foreign exploration for natural ene-
mies and for coordinating host specificity testing. The CABI
and the Biotechnology and Biological Control Agency are
international nonprofit organizations that play a key role in
both the development of knowledge and its application for
managing invasions of both plants and plant pests.

Collaborative research on biological control must be cog-
nizant of, and responsive to, international treaties, a chal-
lenge not incurred by many domestic research programs.

One such treaty, the Convention on Biological Diversity
(CBD), is an international agreement with three main objec-
tives: (1) the conservation of biological diversity, (2) the sus-
tainable use of the components of biological diversity, and
(3) the fair and equitable sharing of the benefits arising out of
the utilization of genetic resources (https://www.cbd.int/
intro/default.shtml). The United States supports the CBD
though it has never officially ratified the treaty. In 2010, the
CBD Nagoya Protocol was negotiated to address the third
objective. It was adopted in 2014 to recognize and protect
sovereign rights over the national genetic resources of par-
ticipating countries. The Nagoya Protocol broadly describes
the access and benefit sharing (ABS) of national genetic
resources, and practical considerations for ABS of specific
genetic resources are stipulated in agreements established
between provider and recipient nations. Development and
implementation of ABS legislation and regulation is the
responsibility of each participating nation, so there is a high
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probability that interpretation of Nagoya Protocol Article 8
“Special Considerations” will vary considerably. ABS in cer-
tain cases may involve payments equivalent to royalties from
the nation receiving genetic resources to the nation providing
the genetic resources. The relevance of ABS to classical bio-
logical control depends on the providing nation’s determina-
tion, under Article 8, that access to biological control
organisms supports research benefiting agriculture and food
security and as such should be subject to less complicated
and costly ABS conditions due to its noncommercial nature
(Gourlay et al. 2013; van Lenteren et al. 2011). Guidance on
this issue was provided to the FAO in a report prepared by
the IOBC (Cock et al. 2009).

Planting genetically resistant tree varieties is another
method forest managers may adopt for the long-term man-
agement of invasive insect and pathogen species (Sniezko
2006). For example, one approach to developing American
chestnuts (Castanea dentata) resistant to the chestnut blight
fungus (Cryphonectria parasitica) involves hybridization of
American chestnut with Chinese chestnut (C. mollissima)
and repeated backcrossing to American chestnut (Diskin
et al. 2006). A key component of such resistance develop-
ment programs is having access to a wide global selection of
plant germplasm. International collaboration thus may play
an important role in facilitating such resistance programs.

13.5 Overarching Efforts

In the United States, the Forest Service International
Programs (IP) plays a key role in facilitating international
cooperation in research on biological invasions. Their work
involves providing logistical assistance to Forest Service sci-
entists working abroad as well as to foreign scientists visit-
ing the United States. The IP also supports technical
cooperation projects that fund key aspects of invasion
research as well as overseas capacity building. Furthermore,
the IP engages in building partnerships with foreign govern-
ments and research organizations to help facilitate interna-
tional research.

The Forest Service has established several bilateral agree-
ments with other countries with objectives that include inva-
sion and biosecurity research issues. One example of this is
the United States-New Zealand Joint Commission on Science
and Technology Cooperation which promotes collaborative
research between the two countries on several topics includ-
ing forest biosecurity.

In North America, cross-border collaboration among the
United States, Canada, and Mexico promotes research on
topics such as the analysis of spread and prediction of
impacts. Invasions do not stop at borders, so the sharing of
data and analyses across borders is invaluable. Information
on cross-border movement of invasive organisms also helps

better coordinate national surveillance and control programs
and ultimately improves the efficacy of regulatory and con-
tainment measures directed against high-impact species.

Several organizations coordinate sharing of data and
research on invasive species among the United States,
Canada, Mexico, and, in some cases, Caribbean nations.
These include consortia of the NGOs, including the North
American Invasive Species Network and Weeds Across
Borders. Other organizations are made up of government
agencies, including the US Aquatic Nuisance Species Task
Force (its Western and Northeast Regional Panels work with
Canada); the North American Forest Commission Insects,
Diseases, and Invasive Plants Working Group; and the bina-
tional Great Lakes Water Quality Agreement, which works
to assess and improve technologies for control, eradication,
and detection of invasive aquatic species and to assess these
species’ ecosystem impacts. The Cooperative Program in
Research and Technology for the Northern Region (known
as PROCINORTE) is a network of national agricultural
research bodies in Mexico, the United States, and Canada.
This network supports agricultural trade through sound sci-
ence and knowledge sharing on issues of regional
relevance.

As is the case with most scientific work, research on bio-
logical invasions is often constrained by the availability of
data. In particular, there is a strong need for sharing of data
on invasive species among scientists in different parts of the
world. The availability of such international databases can
greatly facilitate work on risk analysis, control, and other
aspects of invasive species management. Several efforts have
been made to develop global and regional databases on inva-
sive species. These include the Global Invasive Species
Information Network (Simpson 2004; Simpson et al. 2006)
and the International Union for Conservation of Nature
Invasive Species Specialist Group’s (IUCN ISSG) Global
Invasive Species Database (Pagad et al. 2015). International
efforts such as the Global Eradication and Response Database
(Kean et al. 2016) and Pherobase (El-Sayed 2014) synthe-
size scientific information that is used as a resource in devel-
oping surveillance and eradication programs.

International scientific societies also comprise key infra-
structures that facilitate international collaboration among
scientists engaged in research on invasive species. One of the
most active societies is the International Union of Forest
Research Organizations (IUFRO), which hosts several inter-
national research working parties (WP) and a task force that
focus on the biological invasion problem. These include WP
2.02.15, “Breeding and genetic resources of five-needle
pines”; WP 4.04.07, “Risk analysis”; WP 5.03.06, “Wood
protection for quarantine, food packaging and trade in wood”;
WP 7.03.12, “Alien invasive species and international trade”;
WP 7.03.13, “Biological control of forest insects and patho-
gens”; WP 8.02.04, “Ecology of alien invasives”; and the
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Task Force on Biological Invasions in Forests. The IUFRO is
the preeminent international body for scientific networking
on forest research and, as such, plays a crucial role in the
exchange of information among scientists. The IUFRO also
hosts the FORENT and FORPATH Internet listservs which
facilitate communication among forest entomologists and
forest pathologists, respectively, on a variety of topics.

Other organizations and working groups such as the
Organisation for Economic Co-operation and Development
Co-operative Research Programme and the TUCN ISSG
operate programs that facilitate the synthesis of scientific
knowledge for use by policymakers and stakeholders. The
ISSG hosts the Aliens-L Internet listserv that facilitates com-
munication among scientists studying biological invasions as
well as with policymakers and managers.

13.6 Key Findings

* International collaboration plays a key role in research on
prevention of future invasions. Understanding species in
their native ranges and how they enter invasion pathways
is critical to the analysis of risk, used to guide quarantine
measures.

» Scientific research conducted overseas is essential for the
development of more effective surveillance and eradica-
tion methods. Testing of survey tools and treatments is
often only practically conducted in foreign regions.

» History of invasions elsewhere and risk assessments con-
ducted overseas can inform assessment of the probability
of invasion in the United States, potentially enhancing
prevention and eradication efforts.

e The implementation of classical biological control, and
sometimes breeding of genetic resistance, requires study-
ing the invasive species overseas and is dependent on
effective coordination with foreign scientists.

e A variety of international organizations facilitate collab-
orative research and the exchange of data.

 International collaboration includes coordination of research
among North American countries as well as among differ-
ent continents and sharing of data across borders.

Disclaimer Text The findings and conclusions in this publication are
those of the authors and should not be construed to represent any offi-
cial USDA or U.S. Government determination or policy.
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