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Introduction
Knowing which species have proven to be invasive, how they spread and where they
occur can facilitate more effective prevention activities. "Only one factor has consistently
high correlation with invasiveness: whether or not the species is invasive elsewhere" 1 .
Conservation agencies and national and regional implementation agencies for
international agreements addressing invasive species have expressed a need for this
information.
Panetta et. al 2 (2001) pointed out that while development of the World Wide Web has
been a tremendous boon to the sharing of information about invasive species, “…the lack
of a long-term commitment of any international agency to maintaining a universal data
base for invasive species is hindering the full utilisation of this approach; rectification of
this deficiency is a matter of the highest priority.”
The IUCN SSC Invasive Species Specialist Group (ISSG) has been developing plans for
a Global Register of Invasive Species (GRIS) ever since work began on the Global
Invasive Species Database (GISD) 3 in 1998. We saw that there was a need for a list of all
known invasive species with annotations providing evidence of their invasiveness to
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complement the comprehensive information we were providing for a limited number of
invasive species in the GISD and to support pre-import screening for proposed imports.
Independently, Peter Jenkins, from Defenders of Wildlife, in Washington, DC (hereafter
referred to as Defenders), was looking for ways to identify “potentially risky” species on
a list of approximately 2,300 scientific names of non U.S.-native animal species (all taxa,
but primarily fish, reptiles, molluscs, birds, mammals and insects) that were imported into
the United States in the period 2000-2004, according to government records. In
recognition of the need to develop tools to improve the analysis and regulation of
potentially invasive species in international trade, he provided sufficient funding for
ISSG to build a prototype GRIS.
Methods
With the support of UK bioinformatics and taxonomy expert, Charles Copp, we
completed a prototype GRIS in March 2007 using a standalone MS Access database. The
prototype compiles and integrates lists of taxon names and associated information from
multiple sources. All taxon names are linked to records of occurrence, native/alien status
and invasiveness in specific geographical areas, along with associated information such
as impact, spread or abundance. Annotated reports containing this information are
available for individual taxa.
The GRIS maintains links between this information and metadata about the various data
sources. Sources include checklists generated by national and regional collection and
observation databanks around the world, invasive species databases and programmes,
journal articles, and individual experts.
Records of invasiveness must be related to a specific geographical location and are
derived either from explicit statements of invasiveness in the data, statements of concern
about impacts, spread or abundance, or where the data includes records of prevention or
management activities taking place. The following Biostatus 4 terms trigger a ‘yes’ for
‘GRIS Risk’, indicating that the taxon has a record of invasiveness:
1. Any of the following 3 'Occurrence' terms:
Eradicated
Border intercept
Present/controlled

2. Any of the following 3 'Invasiveness' terms:
Invasive
Not specified but clearly of concern
Not specified but ISAPorM 5 recorded
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While 'GRIS Risk' identifies species with an actual history of invasiveness, there is also
an option to identify potential invasives, which are labelled ‘Potential GRIS Risk’.
Records of potential invasiveness are usually the result of risk assessment procedures and
are usually generated by national or regional agencies. They can not be assigned to a
specific geographic location because we can not be sure if the assessed taxa are present
there or not. For this reason they are assigned to the geographical term ‘Earth’ in GRIS.
Another option is to request an annotated report for alien (introduced, exotic, nonindigenous, etc.) species, if the user wishes to use this criterion for risk assessment
without reference to invasiveness.
The GRIS prototype includes controlled data entry and data browsing, and a taxonomic
dictionary with tree views to navigate lists and look at contents. Taxon names, synonyms
and common names can be added or deleted in the taxon editor.
The synonymy is marked by taxa having the same meaning key with the term marked as
‘preferred’ being used as the listing term. New terms are added and linked by their
meaning key, resulting in a self-correcting system that improves over time. However, it is
important to bear in mind that GRIS is not intended to be a taxonomic database. Whilst
every effort was made to check scientific names and list all synonyms, annotations
indicating invasiveness were our prime concern. When relating annotations from
different sources to a taxonomic entity (e.g. a species), it is possible that another, or
several other names can have the same meaning (i.e. they refer to the same species). Our
prime concern was that all of those names can access the correct annotations.
The GRIS geographic hierarchy has been used by the GISD since 1998 and is relatively
robust. Geographic terms are sorted by type and have hierarchies indicated by a parent
key. On the other hand, building the taxonomic hierarchy has yet to be completed. While
a lot of time has already been spent on reviewing taxon lists, they will be further
reviewed to make sure that the meaning keys correctly identify synonyms.
With a little more development, it should be possible to extract records from any point in
the taxon or geographic hierarchies to include all ‘children’ (i.e. all terms with the same
parent term) and to develop a tree view report generator that can make an annotated list
for any taxon or taxon group (e.g. one mollusc or all molluscs). A 'report wizard' that will
generate any combination of data in XML reports will also be developed.
GRIS has been structured so that all the essential information can be managed in a
relatively simple way whilst ensuring validation of terms and names. All efforts were
made to ensure that GRIS information can be made compatible with other data models
used for biological recording.
Lists and sources used
It was clear that with limited resources and time available, it was necessary to limit the
scope of the project. Defenders of Wildlife and ISSG agreed to limit the searches for
records of harmful or potentially harmful species to 16 countries selected by Defenders,
plus records from the Global Invasive Species Database and any other authoritative
databases and scientific sources that list potentially invasive or harmful non U.S.-native
animals readily available to ISSG. The 16 countries are: Australia, Canada, China,
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France, Indonesia, Mexico, New Zealand, Philippines, Russia, Singapore, South Africa,
Taiwan, Thailand, Trinidad and Tobago, United Kingdom, and Vietnam. Defenders
chose these countries primarily because they were either leading sources of U.S. animal
imports or were known to have accessible data on invasive species.
More than 50 sources were surveyed and processed, with preference given to data
relating to the Kingdom Animalia in response to Defenders’ particular requirements. A
large proportion of the datasets were held in the ISSG library, which has been maintained
since 1998. This information was supplemented by a web survey which identified new
information sources and updates and revisions to existing information. Approximately
20% of all the sources used can be characterized as global, regional and thematic (e.g.
marine invasives). Another 10% of the sources were national databases and checklists.
The largest proportion of data sources (70%) were reports, journal articles and responses
to requests for information from ISSG’s large, informal, global network of experts and
practitioners.
Our observations indicate that the global, regional, thematic and national datasets
provided approximately 75% of all GRIS records. Whilst reports, journal articles and
experts only provided 25% of GRIS records, they helped to redress geographical gaps
(e.g. Asia) and taxonomic gaps in the larger datasets. For example, few of the larger
datasets included records of invasive reptiles.
The nature of the data available varied from country to country and source to source. Key
challenges included understanding the criteria used by different sources to characterize
the biostatus of taxa and identifying and extracting the impact, spread, abundance,
prevention and management information we required. Some higher taxonomy was
available in data sources for most taxa, notably at the Phylum and Family level, but the
effort to complete all of the taxonomic information is ongoing.
Source metadata, references and the taxonomic, geographic and associated information
were collected using a standard template in MS Excel. Some sample data were used to
test the tool and then the remaining records were uploaded.
Results
The GRIS database currently contains 38,606 geographic records for 16,051 taxa. Of
these taxa, 1,453 species have records of invasiveness (GRIS risk=yes) and 14,121 taxa
are considered potentially invasive according to sources that have conducted risk
assessments (Potential GRIS Risk=Yes). Most of the potentially invasive species were
identified by a single source; the Unwanted Organisms Register published by the
Ministry of Agriculture and Forestry (MAF), New Zealand. 6 This resource names any
organism a chief technical officer from MAF believes capable of causing unwanted harm
to any natural and physical resources or human health.
GRIS reports include an alphabetical list of all GRIS taxa, a list of introduced taxa, a list
of invasive taxa, a list of potentially invasive taxa and a combined list. There are also
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individual lists of taxa from different sources, a combined list of all sources and their
taxa, and a list of sources and records for a single taxon.
The primary deliverable was an annotated list of potentially harmful species on the
Defenders list of species imported to the U.S. in the period 2000-2004. The GRIS
prototype identified 191 species on the Defenders list that are invasive and/or potentially
invasive. These 191 species names are sorted by higher taxonomy with annotations that
include:
DataSourceName
ListDate
PotentialGRISRisk
GRISRisk
Occurrence
Origin
Invasiveness
ListInvasiveTerm (terms used by the original source)
PopulationAbundance
PopulationTrend
Impact
IASType (biodiversity, agriculture, livelihoods, human health, mixed, unknown)
Management (records of prevention or management activities)
In a parallel effort, Defenders themselves identified 190 species on the U.S. import list
that are invasive, potentially invasive, and/or disease risks, relying mostly on U.S.
sources. 7 The fact that only 74 species appear on both the GRIS and Defenders lists may
be partially explained by the different geographic scope of the two efforts (a selection of
non-U.S. sources versus mostly U.S. internal sources, the latter including extensive U.S.
disease risk data).
While the U.S. sources used by Defenders point to invasive, potentially invasive, and/or
disease risk outcomes for 190 (8.5%) of the 2,242 non-native species imported there, the
international sources used by GRIS indicate that an additional 117 species (i.e., 191 less
the 74 species in common) may eventually become invasive in the U.S. based on their
records of invasiveness elsewhere.
Together, the two efforts identified a total of 307 species on the Defenders list as being
invasive, potentially invasive, and/or disease risks somewhere in the world. That
represents 14% of the non-native animal species imported to the U.S. in the period 20002004.
Future developments
Future development of GRIS include its evolution into a web-based application and
reporting site which could be linked to sources of taxonomic names and observation data
such as Global Biodiversity Information Facility (GBIF) and Species 2000, and to
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sources of invasive species data and information such as the Global Invasive Species
Information Network (GISIN) and the Global Invasive Species Database (GISD).
The online GRIS tool will be able to capture location data for known invasive species
from sources such as GBIF, integrate their data with alien/native status data and serve it
with protocols developed by the Taxonomic Database Working Group (DiGIR and
TAPIR), thereby making it available to GBIF. This will give users of GRIS access to
better distribution data, and users of GBIF will get access to alien/native status data.
GRIS data will be provided to GISIN, and data from other GISIN providers will be used
to enhance GRIS distribution data.
The GRIS database currently contains the names of many thousands of the world’s
known invasive species. But, it needs support if it aims to grow to a point where the
Convention on Biological Diversity (CBD), presumably in collaboration with the Global
Invasive Species Programme (GISP), can identify its use as a valuable tool for member
nations to use in conducting pre-import screening of proposed imports. This aim fits with
recent CBD decisions.
Paragraph 12 of the CBD COP 8 decision in 2006, "Urges Parties and other
Governments to communicate to potential importing countries relevant information about
particular species that are subject to export and are known to be potentially invasive,
through, for example, web-based databases, alert lists or other appropriate informationsharing mechanisms at global and regional levels, and to provide information that is
relevant for risk analysis and other proactive measures as appropriate to prevent or
minimize effects of invasive alien species in other countries, in accordance with Article 3
of the Convention" and paragraph 61, "Urges Parties and other Governments to share
information on domestic occurrences of alien species that may be invasive elsewhere,
through appropriate information-sharing mechanisms." 8
GRIS can address plants as well as animals. In the International Plant Protection
Convention (IPPC) context, the plant pest risk analysis process (PRA) provides a
scientific basis for determining appropriate national phytosanitary measures. The IPPC's
mandate, and hence that of its national and regional implementing agencies, includes
essentially all plants and plant pests that would be considered under the CBD as invasive
alien species. The draft revision of International Standard for Phytosanitary Measures
(ISPM) No. 2, on Pest Risk Analysis, includes “indicators for determining if an organism
may be a pest” and states that “the early step of determining whether an organism is a
pest or not is sometimes referred to as pre-selection or screening.” “Predictive
indicators of an organism are characteristics that, if found, would suggest the organism
may be a pest.” It goes on to provide “examples of indicators to consider”, including
“previous history of successful establishment in areas of new introduction” and
“detection in situations where harm to plants, beneficial organisms, etc. has been
encountered.” Moreover, the revised ISPM specifically states that "The primary indicator
that a plant species or cultivar may become a threat to ecosystems, habitats or plant
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species in the PRA area is the existence of reports of such harm having occurred
elsewhere." GRIS would significantly improve access to this kind of information.
These CBD and draft IPPC statements confirm the need to develop GRIS further to
ensure that all such records of harm are widely and freely available internationally.
The Defenders of Wildlife demonstration project for U.S. animal imports shows that,
even with limited content, GRIS can deliver relevant information. It can also provide a
valuable service to countries as both a repository for their invasive alien species data and
as a resource for conducting pre-import screening for proposed imports, thus helping to
reduce the spread and impact of invasive species.
The basic elements needed to steadily grow, update and validate GRIS content, make it
available online to regulators, international programs and researchers around the world,
and to improve its functionality are estimated to cost USD 210,000. This level of support
would ensure that GRIS would rapidly move to a point where it contained globally
representative data that would be relevant to most potential users.
Operating costs will reduce over time as the infrastructure matures and automation
reduces the labour intensive components. However, it is important to realise that since
fewer than 50 countries have online invasive species information systems at present, and
many countries have made limited progress towards surveying for invasive species and
collating, analysing and sharing their IAS data and information, the manual collection
and digitisation of content from diverse sources for GRIS would have to continue for
some extended period.
In conclusion, if the GRIS database receives an appropriate level of support in the future,
it will allow the CBD and GISP to identify the use of GRIS as an accepted international
best practice, perhaps even as a recommended standard, for nations to use in conducting
pre-import screening for proposed imports of alien animals and plants.
Acknowledgements
The consultants would like to thank Defenders of Wildlife for the opportunity to develop
the GRIS prototype and the people in the invasive species community who generously
and promptly contributed information to the project. We would also like to thank our
families for their support and particularly Sidharth Pagad, Sarah Hoffmann and Melina
Ubeda Browne for their dedication to the task of locating, extracting, processing and
uploading the data.

Information sources used in the prototype Global Register of Invasive Species
Banpot, N. (Undated). "Management of Invasive Alien Species in Thailand."
Biosecurity New Zealand (2007a). Pests and Diseases List, Ministry of Agriculture and
Forestry (MAF) Biosecurity New Zealand.

7

Biosecurity New Zealand. (2007b). "Unwanted Organisms Register." from
http://www.biosecurity.govt.nz/commercial-imports/unwanted-organisms-register-.
Blair, M. J., H. McKay, et al. (2000). Review of the Status of Introduced Non-Native
Waterbird Species in the Agreement Area of the African-Eurasian Waterbird Agreement
(Research Contract CR0219BTO, Research Report No. 229). British Trust for
Ornithology: Thetford, Norfolk.
Bomford, M. (2003). Risk Assessment for the Import and Keeping of Exotic Vertebrates
in Australia. Canberra, Bureau of Rural Sciences, Australia.
Canadian Wildlife Federation. (2003). "Invasive Species in Canada."
Champion, P., J. Clayton, et al. (2002). Lake Managers Handbook: Alien Invaders.
Wellington, Ministry for the Environment New Zealand.
CONABIO (Comisión Nacional Para El Conocimiento Y Uso de La Biodiversidad)
(National Commission for the Knowledge and Use of Biodiversity, M. (2006).
"CONABIO: Programa de especies invasoras: Especies invasoras."
DEFRA (Department for Environment Food and Rural Affairs) (2003). Review of Nonnative Species Policy: Report of the Working Group.
Department of Primary Industries and Water (2006). "The Threat of Introduced Tree
Frogs."
Duong Minh Tu and P. D. V. Hong. (2002). Vietnam: National Report on the
Management of Invasive Alien Species. Bangkok.
Eno, N. C., Clark, R.A and Sanderson, W.G. (Eds.) (1997). "Non-native Marine Species
in British Waters: A Review and Directory."
Froese, R. and D. Pauly (2006). FishBase.
Haigen Xu, Sheng Qiang, et al. (2006). "The Status and Causes of Alien Species Invasion
in China." Biodiversity and Conservation 15: 2893 - 2904.
Hayes, K. R. (2005). Marine Species Introductions, CSIRO (unpublished data).
Hewitt C.L., Martin R.B., et al. (2002). National Introduced Marine Pest Information
System., Web publication <http://crimp.marine.csiro.au/nimpis>.
Institut français de recherche pour l'exploitation de la mer (IFREMER) French Research
Institute for Exploitation of the Sea. (2001). "Alien Species."
IUCN France (2006). IUCN, France., Initiative sur les Espèces Exotiques Envahissantes
dans les Collectivités Francaises D'outre-mer.

8

IUCN SSC Invasive Species Specialist Group (ISSG) (2007). Global Invasive Species
Database (GISD).
Kairo, M., B. Ali, et al. (2003). Invasive Species Threats in the Caribbean Region: Report
to the Nature Conservancy: 89-132.
Koehn, J. D. and R. F. MacKenzie (2004). "Priority Management Actions for Alien
Freshwater Fish Species in Australia." New Zealand Journal of Marine and Freshwater
Research 38: 457 - 472.
Li Hong-Mei, Xiao Hui, et al. (2006). "Potential Global Range Expansion of a New
Invasive Species, the Erythrina Gall Wasp, Quadrastichus erythrinae Kim (Insecta:
Hymenoptera: Eulophidae)." The Raffles Bulletin of Zoology 54(2): 229-234.
Lintermans, M. (2004). "Human-assisted Dispersal of Alien Freshwater Fish in
Australia." New Zealand Journal of Marine and Freshwater Research 38: 481 - 501.
Lopez, V. and U. Krauss (2006). National and Regional Capacities and Experiences on
Marine Invasive Species, Including Ballast Waters, Management Programmes in the
Wider Caribbean Region - a Compilation of Current Information, UNEP (United Nations
Environment Programme).
Macdonald, I. A. W., J. K. Reaser, et al. (2003). Invasive Alien Species in Southern
Africa: National Reports & Directory of Resources. Cape Town, Global Invasive Species
Programme.
Massam, M., W. Kirkpatrick, et al. (2004). Importing and Keeping Introduced Mammals,
Birds, Reptiles and Amphibians in Western Australia.
Mosquin, T. (1997). Management Guidelines for Invasive Alien Species in Canada's
National Parks, National Parks Branch Parks Canada: Ottawa, Ontario.
National Institute for Agro-Environmental Sciences (NIAES) (Undated). APASD (AsianPacific Alien Species Database).
Ng, P. K. L., L. M. Chou, et al. (1993). "The Status and Impact of Introduced Freshwater
Animals in Singapore." Biological Conservation 64: 19 - 24.
North European and Baltic Network on Invasive Alien Species (NOBANIS) (2006).
NOBANIS.
Pascal, M. (2007). Additional List of Invasive Alien Species that occur in, and are of
concern to France.
Pascal, M., O. Lorvelec, et al. (2001-2003). Inventaire et Histoire des Introductions des
Espèces Invasives, INRA Institut National de la Recherché Agronomique (National
Institute for Agronomic Research).

9

Sergej Olenin, Darius Daunys, et al. (2006). "Baltic Sea Alien Species Database."
Soubeyran, Y. Invasive Species in French Overseas Territories.
Stokes, K., K. O'Neill, et al. (2006). Invasive Species in Ireland. Report to Environment
& Heritage Service and National Parks & Wildlife Service by Quercus, Queens
University. Dublin, Environment & Heritage Service: Belfast. National Parks & Wildlife
Service.
Strecker, U. (2006). "The impact of invasive fish on an endemic Cyprinodon species
flock (Teleostei) from Laguna Chichancanab, Yucatan, Mexico." Ecology of Freshwater
Fish: 408 - 418.
Taiwan Alien Species Information Network. (2005). "Taiwan Alien Species Information
Network Project."
Tan, B. C. and K. S. Tan (2003). Invasive Alien Species in Singapore: A Review. Cape
Town, Global Invasive Species Programme.
The Regional Biological Invasions Centre (RBIC) (2001-2005). AquaInvader, Zoological
Institute RAS.
IUCN Regional Species Conservation Programme Ecosystems and Livelihoods Group,
A. (2006). A Strategy for addressing aquatic invasive alien species in the Lower Mekong
Basin (Draft for review). Mekong Wetlands Biodiversity Conservation and Sustainable
Use Programme (MWBP).
Varnham, K. (2005). Non-native Species in UK Overseas Territories: A Review [Annex
4 to JNCC Report 372].
Xie Yan, Li Zhenyu, et al. (2001). "Invasive species in China - an overview."
Biodiversity and Conservation 10(8): 1317-1341.
Yap, C. A. M. and N. S. Sodhi (2004). "Southeast Asian Invasive Birds: Ecology, Impact
and Management." Ornithological Science: 57 - 67.
Zoological Division of Chinese Biodiversity Information Center. (Undated). "Invasive
Species In China."

10

