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environmental impacts in recipient areas. Here, we present a comprehensive
framework and guidelines for implementing this method, which we term the
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Environmental impact classification for alien taxa

Many invasive alien taxa have substantial effects on the
ecosystems into which they have been introduced, including
significant changes in native species extinction probabilities,
genetic composition, behaviour patterns, richness and abun-
dance, as well as altering phylogenetic and taxonomic diver-
sity, trophic networks, ecosystem productivity, nutrient
cycling, geomorphology, hydrology, habitat structure and
various components of disturbance regimes (Brooks et al,
2004; Hendrix et al., 2008; Suarez & Tsutsui, 2008; Kenis
et al., 2009; Winter et al., 2009; Vila et al., 2011; Pysek et al.,
2012; Ricciardi et al., 2013; Fei et al, 2014). As a result,
most scientists and conservation organizations consider inva-
sive alien species to be undesirable (Lambertini et al., 2011),
and considerable resources have been devoted towards pre-
venting or mitigating their impacts. Nevertheless, impacts
vary greatly among alien taxa and among ecosystems, habi-
tats or native species in the recipient geographic range; many
notable impacts only become obvious or significantly influ-
ential long after the onset of invasion (Williamson & Fitter,
1996; Graves & Shapiro, 2003; Sogge et al., 2008; Stromberg
et al., 2009; Chiba, 2010; Schlaepfer et al., 2011; Pysek et al.,
2012; Strayer, 2012). Thus, it has long been recognized that
there is a critical need for the capacity to evaluate, compare
and predict the magnitudes of the impacts of different alien
taxa, in order to determine and prioritize appropriate
actions.

In response to this need, Blackburn et al. (2014) recently
developed a simple, objective and transparent method for
classifying alien taxa in terms of the magnitude of their
detrimental environmental impacts in recipient areas. We
refer to this scheme as the Environmental Impact Classifica-

tion for Alien Taxa, or EICAT. Alien taxa are classified into
one of five ‘impact’ categories depending on the level of bio-
logical organization (individual, population or community)
impacted, with the mechanisms by which the impacts occur
aligned with those identified in the International Union for
Conservation of Nature (IUCN) Global Invasive Species
Database (http://www.issg.org/database/welcome). If applied
consistently, EICAT will help to (1) identify those taxa that
have different levels of environmental impact, distinguishing
taxa causing impacts of low concern from invasive alien taxa
with significant deleterious effects (those with negative
impacts, sensu the definition from the Convention on Bio-
logical Diversity); (2) facilitate comparisons of the level of
impact by alien taxa among regions and taxonomic groups;
(3) facilitate predictions of potential future impacts of alien
taxa in the target region and elsewhere; (4) aid in prioritiza-
tion of management actions; and (5) aid in evaluation of
management methods. It is envisaged that EICAT will be
used by scientists, land managers and conservation practi-
tioners as a tool to gain a better understanding of the magni-
tude of impacts caused by different alien taxa and to inform
the prioritization, implementation and evaluation of manage-
ment policies and actions within existing international agree-
ments and statutes. In this regard, one aim is to have the
scheme adopted as the official mechanism by which TUCN
classifies the deleterious environmental impacts of those alien
taxa that have become globally or regionally invasive.

A key requirement for any standardized scheme adopted
under the auspices of IUCN (or any other major administra-
tive organization overseeing international conventions and
policy implementation) is the existence of a clear framework
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and guidelines for implementing the scheme. To this end, we
have drafted just such a framework and guidelines for imple-
menting the EICAT scheme: the primary aim of this contri-
bution is to draw the attention of interested parties to the
framework and guidelines, and to present them in their
entirety in a location where they are freely accessible to any
potential users. Hence, we have appended them to this com-
ment as supplementary online information (see Appendix Sl1
in Supporting Information).

To ensure that the maximum utility can be gained from
any classifications carried out using EICAT, it is important
that studies apply the scheme in a consistent and comparable
fashion, and that consistent and comprehensive supporting
information is supplied along with classifications. Therefore,
the framework (1) defines some of the key concepts required
to use EICAT; (2) describes the categories and criteria for
classifying alien taxa, the guidelines for transferring taxa
between categories and the taxonomic and geographic scope
of the scheme; (3) provides a method for dealing with uncer-
tainty over the correct classification, and in particular uncer-
tainty that arises from the need to interpret evidence
generated at spatial scales that are often very different to the
spatial scales over which native communities can be charac-
terized; (4) prescribes essential and recommended documen-
tation that should or could be provided in support of
classifications; and (5) describes the process for implement-
ing these guidelines.

We have intended the EICAT framework (see Appendix
S1) to be comprehensive, and so it reproduces the key ele-
ments of the classification scheme presented in Blackburn
et al. (2014). However, it describes two changes to the
scheme as originally published that are important to note.
First, the EICAT framework describes parallel classification
systems to capture both the maximum impact ever recorded
for an alien taxon at a point in time, and the current impact
level caused by that taxon at the same location or elsewhere
in the geographical area of interest (e.g. globally, regionally,
nationally). This addition ensures that EICAT captures the
maximum recorded impact of an alien taxon introduced
somewhere in the geographical area of interest, which may
be especially important where the current impact is not as
high as in the past, perhaps due to mitigation measures or
spontaneous changes (Dostal et al., 2013). Instigating parallel
classifications for current and the maximum impacts ever
recorded also helps in indicating any changes in current
environmental impact through successive assessments (i.e. as
a result of the invasion proceeding, or mitigation measures
taking effect).

Second, the framework alters the two-letter abbreviation
codes for the five categories of impact, to try to reduce the
possibility for ambiguity in the original designations (and so
that the codes increase in alphabetical order). These now
become Minimal Concern (MC), Minor (MN), Moderate
(MO), Major (MR) and Massive (MV).

The process for implementing the EICAT identifies an
EICAT Unit, consisting of members of the IUCN Invasive

Species Specialist Group, whose function it is to oversee the
entire process, and to check each assessment to ensure con-
sistency. The Unit is also intended to coordinate the report-
ing of status and trends in impacts as documented by the
EICAT process and oversee any proposals for changes or
revisions to the framework and guidelines. Impact classifica-
tion assessments should be independently reviewed by
experts, to check whether the assessment has been carried
out appropriately as described in the framework and guideli-
nes, before being submitted to the EICAT Unit for final rati-
fication. The aim is to have accepted assessments published
on the Global Invasive Species Database, where they will be
freely available to the community of relevant stakeholders.
Anyone who has carried out environmental impact classifica-
tions under the EICAT scheme should contact one of the
current members of the EICAT Unit (see Appendix SI, sec-
tion 7), to discuss the formal adoption of their assessment(s)
under this scheme.

ACKNOWLEDGEMENTS

This study is an output of the working group sImpact that
formed at a workshop at sDiv, the Synthesis Centre within
the German Centre for Integrative Biodiversity Research
(iDiv) Halle-Jena-Leipzig, funded by the German Research
Foundation (DFG; through grant no. FZT 118). Financial
support was also provided by the King Saud University
Distinguished Scientist Fellowship Program (to CLH and
TMB); sDiv and GEO BON; the ERA-Net BiodivERsA (pro-
ject FFII, with the national funder DFG, grant JE 288/7-1)
and the DFG (grant JE 288/9-1) (to JM]J); the Swiss National
Science Foundation and the Drakenstein Trust through the
DST-NRF Centre of Excellence for Invasion Biology, and
The South African Department of Environmental Affairs
through its funding of SANBI’s Invasive Species Programme
(to SK); long-term research development project RVO
67985939 and Praemium Academiae award from The Czech
Academy of Sciences (to PP); the National Research Founda-
tion, South Africa (grants 85417 to DMR and 86894 to
JRUW); and the Severo Ochoa Program for Centres of Excel-
lence in R+D+I (SEV-2012-0262) from the Spanish Ministry
of Economy and Competitiveness (to MV). Support from
the EU COST Action TD1209 Alien Challenge is also grate-
fully acknowledged. We thank Myriam Du Mortier, Craig
Hilton-Taylor, Donald Hobern, Nick Holmes, Melodie
McGeoch, Sean Murphy, Jon-Paul Rodriguez, Riccardo Sca-
lera, Junko Shimura and Marten Winter for comments and
discussion that substantially improved the framework and
guidelines document.

REFERENCES

Blackburn, T.M., Essl, F., Evans, T., Hulme, P.E., Jeschke, J.
M., Kiihn, I, Kumschick, S., Markovd, Z., Mrugala, A,
Nentwig, W., Pergl, J., Pysek, P., Rabitsch, W., Ricciardi,

1362 Diversity and Distributions, 21, 1360-1363, © 2015 The Authors. Diversity and Distributions published by John Wiley & Sons Ltd.



A., Richardson, D.M., Sendek, A., Vild, M., Wilson, J.R.U.,
Winter, M., Genovesi, P. & Bacher, S. (2014) A unified
classification of alien species based on the magnitude of
their environmental impacts. PLoS Biology, 12, e1001850.

Brooks, M.L., D’Antonio, C.M., Richardson, D.M., Grace,
J.B., Keeley, J.E., DiTomaso, J.M., Hobbs, R.J., Pellant, M.
& Pyke, D. (2004) Effects of invasive alien plants on fire
regimes. BioScience, 54, 677—688.

Chiba, S. (2010) Invasive non-native species’ provision of
refugia for endangered native species. Conservation Biology,
24, 1141-1147.

Dostdl, P., Miillerova, J., Pysek, P., Pergl, J. & Klinerova, T.
(2013) The impact of an invasive plant changes over time.
Ecology Letters, 16, 1277-1284.

Fei, S., Phillips, J. & Shouse, M. (2014) Biogeomorphic
impacts of invasive species. Annual Review of Ecology, Evo-
lution, and Systematics, 45, 69-87.

Graves, S.D. & Shapiro, A.M. (2003) Exotics as host plants
of the California butterfly fauna. Biological Conservation,
110, 413-433.

Hendrix, P.F., Callaham, M.A., Drake, J.M., Huang, C.-Y.,
James, S.W., Snyder, B.A. & Zhang, W. (2008) Pandora’s
Box contained bait: the global problem of introduced
earthworms. Annual Review of Ecology, Evolution, and Sys-
tematics, 39, 593—-613.

Kenis, M., Auger-Rozenberg, M.-A., Roques, A., Timms, L.,
Péré, C., Cock, M.W,, Settele, J., Augustin, S. & Lopez-
Vaamonde, C. (2009) Ecological effects of invasive alien
insects. Ecological impacts of non-native invertebrates and
fungi on terrestrial ecosystems SE - 3 (ed. by D. Langor and
J. Sweeney), pp. 21-45. Springer, Netherlands.

Lambertini, M., Leape, J., Marton-Lefevre, J., Mittermeier,
R., Rose, M., Robinson, J., Stuart, S., Waldman, B. & Gen-
ovesi, P. (2011) Invasives: a major conservation threat.
Science, 333, 404—405.

Pysek, P., Jarosik, V., Hulme, P.E., Pergl, J., Hejda, M.,
Schaffner, U. & Vila, M. (2012) A global assessment of
invasive plant impacts on resident species, communities
and ecosystems: the interaction of impact measures, invad-
ing species’ traits and environment. Global Change Biology,
18, 1725-1737.

Ricciardi, A., Hoopes, M.F., Marchetti, M.P. & Lockwood,
J.L. (2013) Progress towards understanding the ecological
impacts of nonnative species. Ecological Monographs, 83,
263-282.

Schlaepfer, M.A., Sax, D. & Olden, J.D. (2011) The potential
conservation value of non-native species. Conservation Biol-
ogy, 25, 428-437.

Environmental impact classification for alien taxa

Sogge, M.K,, Sferra, S.J. & Paxton, E.H. (2008) Tamarix as
habitat for birds: implications for riparian restoration in
the southwestern United States. Restoration Ecology, 16,
146-154.

Strayer, D.L. (2012) Eight questions about invasions and
ecosystem functioning. Ecology Letters, 15, 1199-1210.

Stromberg, J.C., Chew, M.K., Nagler, P.L. & Glenn, E.P.
(2009) Changing perceptions of change: the role of scien-
tists in Tamarix and river management. Restoration Ecology,
17, 177-186.

Suarez, A.V. & Tsutsui, N.D. (2008) The evolutionary conse-
quences of biological invasions. Molecular Ecology, 17, 351—
360.

Vila, M., Espinar, J.L., Hejda, M., Hulme, P.E., Jarosik, V.,
Maron, J.L., Pergl, J., Schaffner, U., Sun, Y. & Pysek, P.
(2011) Ecological impacts of invasive alien plants: a meta-
analysis of their effects on species, communities and
ecosystems. Ecology Letters, 14, 702—708.

Williamson, M. & Fitter, A. (1996) The varying success of
invaders. Ecology, 77, 1661-1666.

Winter, M., Schweiger, O., Klotz, S., Nentwig, W., Andri-
opoulos, P., Arianoutsou, M., Basnou, C., Delipetrou, P.,
Didziulis, V., Hejda, M., Hulme, P.E., Lambdon, P.W.,
Pergl, J., Pysek, P., Roy, D.B. & Kiihn, I. (2009) Plant
extinctions and introductions lead to phylogenetic and tax-
onomic homogenization of the European flora. Proceedings
of the National Academy of Sciences USA, 106, 21721—
21725.

SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article:

Appendix S1. The complete version of the framework and
guidelines for implementing the Environmental Impact Clas-
sification for Alien Taxa (EICAT).
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