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Abstract

As legislation, research and management of invasive alien species (IAS) are not fully coordinated across
countries or different stakeholder groups, one approach leading to more or less standardized activities is
based on producing lists of prominent IAS that attain high level of concern and are a subject of priority
monitoring and management. These so-called Black, Grey and Watch (alert) Lists represent a convenient
starting point for setting priorities in prevention, early warning and management systems. It is important
that these lists be based on transparent and robust criteria so as to accommodate interests and percep-
tion of impacts by groups of concerned authorities and stakeholders representing sectors as diverse as,
e.g. forestry, horticulture, aquaculture, hunting, and nature conservation, and to justify possible trade

Copyright Jan Pergl et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.



2 Jan Pergl et al. /| NeoBiota 28: 1-37 (2016)

restrictions. The principles for blacklisting need to be general enough to accommodate differences among
taxonomic groups (plants, invertebrates, vertebrates) and invaded environments (e.g. aquatic, terrestrial,
urban, suburban, seminatural), and must take into account invasion dynamics, the impact the IAS pose,
and management strategies suitable for each particular invader.

With these assumptions in mind, we synthesize available information to present Black, Grey and
Watch Lists of alien species for the Czech Republic, with recommended categorized management meas-
ures for land managers, policy makers and other stakeholders. We took into account differences in the
listed species’ distribution, invasion status, known or estimated environmental impact, as well as possible
management options, and apply these criteria to both plants and animals. Species with lower impact, but
for which some level of management and regulation is desirable, are included on the Grey List. Some po-
tentially dangerous species occurring in European countries with comparable climatic conditions, as well
as those introduced in the past but without presently known wild populations in the Czech Republic, are
listed on the Watch list. In total, there are 78 plant and 39 animal species on the Black List, 47 and 16 on
the Grey List, and 25 and 27, respectively, on the Watch List. The multilayered approach to the classifica-
tion of alien species, combining their impacts, population status and relevant management, can serve as a
model for other countries that are in process of developing their Black Lists.
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Introduction
Impacts of invasive alien species and Black Lists: state of the art

Although only a small proportion of introduced species become naturalized or in-
vasive and have a measurable impact (Lockwood et al. 2013; but see Ricciardi et al.
2013), biological invasions by alien species (introduced to regions outside their na-
tive distribution range due to human activities; Richardson et al. 2000, Blackburn et
al. 2011) affect the majority of habitats, including semi-natural ones. Invasive alien
species (IAS), with their widely documented impacts on biodiversity, ecosystem func-
tioning and economy (Pysek and Richardson 2010, Vila et al. 2010, 2011, Pysek et
al. 2012c, Scalera et al. 2012, Follak et al. 2013, Blackburn et al. 2014, Jeschke et al.
2014) are recognized as one of the key components of global environmental change
(MEA 2005). Costs due to IAS were estimated to reach up to 5% of global GDP (Pi-
mentel et al. 2001, 2002). In Europe, recent estimates of direct costs due to IAS reach
at least 12.7 billion € per year (Kettunen et al. 2009). It is also important to note that
direct environmental and eradication costs associated with environmental weeds or
pests are only a small fraction of costs caused to agriculture or forestry. Nevertheless,
even these figures on overall costs for environmental weeds and pests illustrate the need
for an urgent policy response at all scales, from national to international and global,
supported by a corresponding scientific knowledge base; the fact that the majority of
alien species are introduced intentionally or in association with imported/transported
commodities (Hulme et al. 2008, 2009) provides an opportunity for interventions
(Roques and Auger-Rozenberg 2006, Dehnen-Schmutz et al. 2007, Kenis et al. 2007).
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In Europe, more than 12,000 alien plant and animal species are recorded (DAISIE
2009, www.europe-aliens.org) and the numbers of successfully establishing species con-
tinue to grow (Hulme et al. 2009, van Kleunen et al. 2015). Unfortunately, research,
legislation, and management of IAS are not fully coordinated, neither within individual
countries, nor continentally (Hulme et al. 2009), which leads individual countries to
cope with alien species in different ways. The most common approach is based on pro-
ducing lists of prominent IAS that receive much attention and are prioritized in terms of
prevention, monitoring and management. These so-called Black, Grey and Watch (alert)
Lists represent a convenient starting point for setting such priorities (European Com-
mission 2014). The necessary condition for making such lists trustworthy is, however,
a robust and transparent risk assessment, based on the impacts of individual species, al-
lowing their scientifically defensible selection (Wittenberg and Cock 2001, Verbrugge et
al. 2012, Lewis and Porter 2014). The transparency is important so as to accommodate
interests and perception of impacts by groups of concerned authorities and stakeholders
representing sectors as diverse as, e.g. forestry, horticulture, aquaculture, hunting and
nature conservation, and to justify possible trade restrictions (Bayliss et al. 2013, Kelly et
al. 2013, Oopik et al. 2013). Therefore, when developing regional Black Lists, interests
that differ among the above-mentioned sectors need to be taken into account. Many
intentionally imported alien species are of a high economic value (DiTomaso et al. 2010,
Richardson and Rejmdnek 2011, Woziwoda et al. 2014), but can have negative impacts
on native populations, species and communities due to a wide range of mechanisms and
processes that have been described in the literature in the last decade (e.g. Levine et al.
2003, Gaertner et al. 2009, 2011, Mitchell et al. 2010, Pysek and Richardson 2010, Vila
etal. 2010, 2011, Dodet and Collet 2012, Pysek et al. 2012c, Scalera et al. 2012, Black-
burn et al. 2014, Jeschke et al. 2014). However, although these processes are becoming
reasonably well understood, there is still much uncertainty about which particular species
will have an impact in specific environmental settings and how the invaded habitats and
ecosystems will be impacted (Leung et al. 2012, Blackburn et al. 2014). Ideally, each
intentional introduction of a new alien species should be thus preceded by a cost-benefit
analysis of negative vs. positive effects on both the environment and socioeconomy (Kel-
ler and Drake 2009). The decision should then reflect the climatic and habitat match
between the current range of the species and the region to which it is proposed for im-
port, as well as information about previous invasion history and life history traits of the
species itself, or its close relatives (Kolar and Lodge 2001, Keller and Springborn 2014).

IAS regulation in Europe and in the Czech Republic

The urgent need to tackle biological invasions, develop a common policy and establish
an early warning system in Europe, has been recognized by the European Commission
(see the Communication “Towards an EU Strategy on Invasive Species’, (COM (2008)
789 final) and EU Biodiversity Strategy to 2020 (http://ec.europa.eu/environment/
nature/biodiversity/comm2006/2020.htm). Part of this activity is aimed at the new EU
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Regulation on IAS COM (2013) 620 (European Commission 2014), which isan important
legislation on invasive species threatening biodiversity and human well-being (Genovesi
etal. 2015). Besides setting a framework for roles and responsibilities among the different
bodies dealing with IAS it will include a list of species that pose the most significant threats
(list of alien species of the Union concern) and thus should be prohibited from the import,
sale, and use in Europe. This list will be prepared by the European Commission on the
basis of the criteria set out in the Regulation; the EU member states participate in the
process of the preparation of the list (by providing comments and proposals for individual
IAS inclusion). Although national Black Lists may play an important role in the process
of preparation of the EU list, so far only a few countries have developed their own Black
Lists with some legislative support (Essl et al. 2011).

The development of national and regional Black Lists and identification of im-
portant species, based on using standard and transparent criteria, is a key aspect of
the early warning and information systems. Some European countries or trade sectors
(agriculture, aquaculture) already regulate the introduction and transport of selected
species, based on risk assessments provided by the European Plant Protection Or-
ganisation (EPPO), European Food Safety Authority (EFSA) and UK Department for
Environment, Food and Rural Affairs (DEFRA). An example of a working system is
international cooperation in the field of agriculture pests (EPPO, DEFRA) which can
serve as a template to be followed for the management of IAS in Europe in general
(Brunel et al. 2013). Not only legislative tools are affecting the policy on IAS. To pre-
vent the spread of alien species and restrict their trading, a significant component of
policy and public involvement are voluntary codes of conduct developed for example
for horticulture or sheltered under the Bern Convention (Heywood and Brunel 2011,
Caffrey et al. 2014, Halford et al. 2014, Heywood 2014).

In the Czech Republic (78,866 km?, 10.5 millions of inhabitants), as in many
other European countries, there is an elaborate and legislatively well-anchored system
of the approach to harmful organisms in agriculture. In the field of nature conservation,
legislation is not sufficient and does not adequately respond to the current threats from
biological invasions, but the issue of IAS has become in the last years one of the priorities
in the Czech national strategic environmental documents (State Environmental Policy
2012-20, State Programme of Nature and Landscape Conservation 2009, Biodiversity
Strategy 2005). These documents emphasize the need to focus on IAS, including
development of priority lists of species for management, creating financial tools and
preparation of new legislation, which will be encouraged by the adoption of the new
IAS EU legislation.

Scoring species for Black Lists

Despite significant progress in producing lists of important alien species for individual
countries (see review in Essl et al. 2011), a standard methodology for the complex as-
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sessment of their impacts only started to appear recently (e.g. Blackburn et al. 2014).
Such a framework needs to be accompanied by a close cooperation between policy
makers, researchers and practitioners in nature/biodiversity conservation and IAS
management, to allow for harmonization of the information flow on IAS (Ricciardi et
al. 2000, Kettunen et al. 2009, Shine et al. 2009, Caffrey et al. 2014).

Species with documented strong negative impacts, that threaten ecosystems, habi-
tats or native biota, should be eradicated from the newly invaded sites as fast as pos-
sible, and further introductions of such species avoided (Convention on Biological Di-
versity 1992, Genovesi 2005). However, if resources are limited, the question remains
which species, which locations and how (considering feasibility and control methods)
should be targeted first, and this prioritization can be addressed by different methods
(Humair et al. 2014).

The criteria for placing individual species into particular Black List categories need
to be general enough to accommodate differences among various taxonomic groups
(plants, invertebrates, vertebrates) and invaded environments (e.g. terrestrial, aquatic;
urban, suburban, seminatural), take into account invasion dynamics, the environmen-
tal and socio-economic impact they pose and management strategy suitable for each
particular invader. The existing Black Lists do not take differences between invaded
habitats and management feasibility into account in their assessment, do not cover
socio-economic impacts and are restricted to selected taxonomic groups (Essl et al.
2011). Some of the existing impact assessments, serving as a basis for Black Lists,
multiply the impact scores by a given species’ population status (Gederaas et al. 2012,
htep://ias.biodiversity.be) but as far as we know, there is no system that incorporates
information on the type of invaded habitat and management feasibility into the Black
List classification.

Aims of the study

In the Czech Republic, there is a thorough knowledge of biological invasions that
has resulted in publications of comprehensive and updated lists of alien plants and
animals (Pysek et al. 2002, 2012b, Sefrova and Lasttivka 2005) with an indication
of their invasion status using commonly accepted classification (Richardson et al.
2000, Pysek et al. 2004, Blackburn et al. 2011). However, the classification of al-
ien species based on management criteria has not been available up to now. Still,
for any management planning, setting the priorities among species and habitats is
crucial. In this paper we thus combine information on the potential environmental
impact of alien species in the Czech Republic, their current or predicted population
status, the feasibility of management, and type of invaded habitats. As a synthesis,
we present Black, Grey and Watch Lists of alien species for the country, with recom-
mended categorized management measures for land managers, policy makers and
other stakeholders.
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Data and classification approach

Data sources and species selection

The proposed Black and Grey Lists of alien species in the Czech Republic are based pri-
marily on the existing inventories of plant (Pysek et al. 2012b) and animal (Sefrov4 and
Lastivka 2005) alien species. The data from these lists were amended by recent updates
of the alien biota in the Czech Republic for particular groups such as fishes (Musil et al.
2010), national museum collections or unpublished records (personal communications
and databases). The Watch List of alien species includes those currently not present in
the wild in the Czech Republic and occurring there only in captivity or cultivation, but
reported from the wild in other European countries with similar climate and habitats.
Existing lists of aliens in these comparable countries, as summarized in e.g DAISIE or
Nobanis, were thus screened to generate the Watch List for the Czech Republic.

To minimize the possible subjective bias of experts assessing species on original
lists, each species was reassessed according to the current state of its population status,
invaded habitats, cultivation and farming history, impact on environment (ecology)
and socio-economy and with respect to the knowledge of its effective management.
The species sharing similar patterns of classification were then grouped into subgroups
of Black and Grey Lists (see details below). Species included in Black Lists were those
posing significant strong negative effects on the environment and where some manage-
ment, if available and feasible, should be applied. Grey List was used for species with
limited negative environmental impact, where monitoring and local management is
also relevant. Species for Watch List were selected from those that may in the near
future colonize the territory Czech Republic and whose monitoring and management,
due to possible substantial negative environmental impact, is recommended.

The evaluation of alien species occurring in the Czech Republic was done for vas-
cular plants, vertebrates and most invertebrate groups. As the classification of alien
plant species in the Czech Republic is more elaborated than that of animals, in terms of
their regional population dynamics or abundances (Pysek et al. 2012a, b), the criteria
for the Black List species’” assessment were first developed for plants and then adapted
for other taxonomic groups.

Criteria for classification

For each species included in the Black, Grey and Watch List based on the above crite-
ria, the following information on their populations was assessed, if available, and used
to classify species.

A. Mode of current spread:
1. Plants and animals that are intentionally released into the environment for landscap-
ing, restoration or hunting (the ‘release’ pathway according to Hulme et al. 2008)
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and distribution of the species is highly dependent on human activities. Without
presence of humans activities the species will disappear in relatively short time.

2. Current spread is mostly spontaneous without direct contribution of humans. For
this category it is not crucial if the initial occurrences resulted from past human
activities (abandoned plantations, populations of animals escaped from cultures,
contaminants) or results of spontaneous spread from other areas where they are al-
ien. Without presence of human activities the species will remain in the landscape
for relatively long time.

3. Combination of release and spontaneous spread.

B. Distribution:

Current distribution regardless of whether the species occurs as a result of release or
spontaneous introduction. This categorization does not take into account abundance
of the species. Both groups can be represented by dense or sparse populations. Espe-
cially in case of regionally widespread species, which are present in numerous, well
established and continuously replenished populations, their local management cannot
be usually efficient. However, in some cases local management may still be performed
to reduce specific impacts, e.g. local and time-restricted trapping of Neovison vison
(American mink) before the bird breeding season.

1. Regional: Present distribution of the species at a large scale or future expasion not
strongly restricted by environmental constraints is expected. Clusters of local pop-
ulations dispersed across country exchanging individuals due to the transport of
propagules or active migration.

2. Local (isolated populations): current and also future distribution in localized area(s)
within the Czech Republic. The distribution can be limited by e.g. climate or
habitat specificity. The localized distribution makes management efficient if there
are effective methods available.

C. Evaluation of environmental impact

Standardized assessment of environmental and socio-economic impact is not available
for all alien species in the Czech Republic. Therefore it was assessed using the simpli-
fied rationale of GISS (Nentwig et al. 2010, Kumschick et al. 2012, Vaes-Petignat and
Nentwig 2014) and the recently suggested unified classification of alien species based
on the magnitude of their impacts (Blackburn et al. 2014). The black listing in this
study is based primarily on the environmental impact of populations occurring in the
outdoor environment, and excludes e.g. alien species only having significant economic
impact as storage pests. Due to the lack of direct knowledge on impacts of many spe-
cies in the Czech Republic, their impact was classified as “potential impact”, taking
into account any impact of the given species reported from climatically similar regions,
and also considering interactions with, or impact of, ecologically similar species. The
impact was classified based on expert judgement into three levels ranging from limited
(minimal) to moderate and massive, with respect to whether it results in irreversible
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negative changes to native populations, species or ecosystems (e.g. due to predation,
competition, hybridization, ecosystem functioning). For impact assessment we used
data from Kumschick et al. (2015), and Rumlerovi et al. (unpublished).

D. Evaluation of socio-economic impact

Socio-economic impact and impact on humans was additionally assessed for taxa with
considerable environmental impacts to support final reasoning of recommended man-
agement. The weight of socio-economic impact was used and ranked high in case of
species like Ambrosia artemisiifolia (common ragweed), Heracleum mantegazzianum
(giant hogweed), where strong negative impact on human health is significant or Arion
vulgaris (Lusitanian slug), and Varroa destructor (varroa mite), which have direct effect
on agriculture. The impact was classified based on expert judgement into three levels
ranging from minimal to moderate (most weeds and pests) and massive.

E. Management options

Management options were assessed along axes representing the management itself, the
context of invaded habitats, and population status. The species were classified accord-
ing to the applicable management strategy (see details below and in Table 1).

Complete eradication is hardly feasible in the Czech Republic, an inland state
surrounded by other countries, and can be only achieved, if at all, by intensive interna-
tional cooperation followed by continuous sanitary measurements. Although complete
eradication is usually feasible only on islands (e.g. Chapuis et al. 2004, Genovesi 2005,
Simberloff et al. 2011), in some cases it is an ideal target to which efforts should be
directed. In practice, complete eradication is possible only for populations of alien spe-
cies that do not yet spread. For large infestations consisting of many metapopulations,
complete eradication above some threshold is almost impossible due to enormous costs
(Rejmédnek and Pitcairn 2002, Pluess et al. 2012a, b). High cost of management can be
justified only for newly detected occurrences of highly important alien species. Unfor-
tunately, intentions behind eradication attempts are often led by wrong ideas to restore
ecosystems to their “historical” state, which is often idealized. Eradication is sometimes
initiated by the local public or little-informed conservation activists, and often is ac-
companied by damages to native communities.

Tolerance (resignation) means to refrain from any systematic attempts to
manage the given alien species; although both lead to the same result, reasons for
them are fundamentally different: tolerance is result of a decision based on the
fact that the given IAS has a low impact, while resignation is an enforced attitude
if there are no existing management options. The latter currently happens in e.g.
mine disposal sites in northern Bohemia, where management is passive approach,
and eradication efforts focused on a few selected plant species and habitats. Many
newly introduced plants continuously spread as a result of restoration of brown-
fields and landscaping (Kabrna et al. 2014). Similarly, for some insects, e.g. Har-
monia axyridis (harlequin ladybird), any management action is almost impossible.
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Table I. List of selected management options (detailed classification) applied to alien species.

Management o .
. a8 Description Recommendation
option
Tolerance is applicable in several cases. In some
This approach is relevant in many urban and suburban areas we recommend to tolerate
ecosystems/sectors (forestry, fishery) the species of a high economic value as well as
for several reasons. Many alien species  |species eradication of which is almost impossible
occurring now in the landscape are because of their wide distribution. This tolerance
of a high economic importance. This  |should exclude areas of high conservation value
Tolerance/ approach is also relevant for large where approaches including local eradication
resignation populations of widespread alien species | with subsequent change of local management
especially in urban and suburban can be applied. Tolerance cannot be used in rural
environments. Direct eradication of  |landscape where primary aim is to prevent new
such species is almost impossible or alien populations from establishing. We recommend
associated with enormous costs and to tolerate e.g. large populations formed as a
likely to bring doubtful results. result of old abandoned plantations (e.g. Robinia
pseudoacacia) or release (crayfish, white-tailed deer).
Complete eradication should be used primarily for
small and pioneer populations where rapid response
Complete eradication of alien species at | is likely to result in successful action. It is also
national scale. It is usually demanding |applicable to small populations of relatively large
in terms of financial, time and human |animals where hunting or other effective control is
Eradication labour resources, and would require feasible. Eradication is not recommended in urban
transboundary coordination in case of |and suburban environment where it usually fails
species present also in neighbouring | for several reasons (public opinion, high propagule
countries. pressure). The complete eradication of several species
currently posing strong negative socio-economic
impact can be reasoned.
- . Containment is recommended only for sites with
Local eradication or suppression of . . . .
. . . . high conservation priorities or to lower the negative
alien species’ populations. Depending | . . .
. . impact of selected alien species. Due to high costs
. on infested area and habitat type, . L
Containment and need to repeat the actions regularly it is not
the costs can vary. Repeated and .
. . recommended in large areas, or urban and suburban
continuous management is necessary to | . -
environment. Containment can be used to reduce
meet the goals.
e.g. the propagule pressure.
Removal of Removal of populations after cessation - .
. . . . . Complete eradication of the populations at local
populations of their planting or farming, especially

from abandoned
plantations and

related to biofuel plants and animals
bred in cages, fishponds or forest

scale is recommended, as there is a high risk of
escape into natural environment following the
abandonment.

farming facilities |enclosures.
. . This option should be used in most cases to avoid
. This management option refers . . .
Prevention . . T conflicts of nature conservation with forestry,
mainly to revegetation activities in . . .
of spread to . landscaping, agriculture and hunting. If a release of a
. suburban zones (along road and railway o g1 .
(semi-)natural . > species into the wild is considered, preference should
K corridors) and to species released for . . .
environment . be given to native or locally native taxa. Examples
forestry, game hunting or fishery. . .
are e.g. brown vs rainbow trout, or red vs sika deer.
Change of management is a widely
. . In case of plants, change of the current management
used method applicable to a wide range
. should be used to reduce the cover and therefore
of habitats. In rural landscapes sucha |, . o
impact of local dominants. Important condition
recommended management (preferred |,
Change of O is that the management has to be permanent and
by nature conservation) is similar to . . .
management resulting ecosystem must be of higher natural quality

the traditional management (regular
mowing, removal of shrubs, grazing).
This management option includes also
hunting and fishery practices.

than the previous one. Change of management is
relevant for a wide range of stakeholders including
forestry, game hunting and fishery.
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At present we are unable to stop the invasion of such species, let alone eradicate
them completely.

Stratified approach reflects the local/regional context of the invasions and
therefore represents, in the vast majority of cases, the optimal strategy. An example
is the management of Robinia pseudoacacia (black locust) in the Czech Repub-
lic, whose planting can be allowed in areas where the stands do not represent an
imminent threat to the landscape, but should be prohibited, and extant stands
eradicated, from sites with nature conservation needs, such as in and around steppe
habitats. Similarly, some economically important alien fish species are tolerated in
aquaculture ponds (many of which are localities of high conservation value, and
even listed among protected nature reserves and Natura 2000 sites), but in other
localities might be subject to management. For example, the native Salmo trutta
(brown trout) should be preferred over alien salmonid fish, such as Oncorhynchus
mykiss (rainbow trout), in stream habitats, but alien fish species are less likely to
pose a conservation problem in ponds used for recreational fishing. The stratified
approach thus discriminates where and when the management of alien species is
needed and efficient, and where the eradication is neither effective, nor necessary
(e.g. in urban and suburban areas). The stratified management limits counterpro-
ductive and useless actions against alien species and places them into the framework
of nature protection and traditional land use management.

Results

Although there are differences in life histories, population status and possible man-
agement options between plants and animals, in the proposed scheme for black-
listing we were able to produce comparable Black, Grey and Watch lists for these
groups together. In the Black List, species were assigned into three categories ac-
cording to their impact, distribution, population dynamics and management strate-
gy (Table 2). It is important to note that individual subgroups of Black Lists do not
reflect the importance of the included species in the descending order. Species listed
in the Grey List have lower impact than Black-Listed species, but still may require
some level of management and regulation. The eradication of Grey-List species at a
large scale is not a high priority, nevertheless their management is reccommended in
some restricted areas with nature protection concerns. Grey and Watch List species
should be monitored for any rapid change in their distribution and possible impact,
especially on the environment.

In total, there are 78 plant and 39 animal species on the Black List, 47 plant and
16 animal species on the Grey List, and 25 plant and 27 animal species on the Watch
List (Appendix).
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Black and Grey Lists of alien species in the Czech Republic

There are in total 1454 alien vascular plant species recorded in the Czech Republic
(36.6% of the total flora; Pysek et al. 2012a, b), however, the vast majority of them
do not have a measurable impact. This group of “low impact species” consist of spe-
cies that (i) are unable to reproduce or develop viable populations outside cultivation
(casuals); (ii) are naturalized but have not expanded their range for a long time, or even
failed to persist and became rare (e.g. Agrostemma githago, common corn-cockle) and
(iii) are locally naturalized, having potentially negative impact (e.g. Celastrus orbicula-
tus, oriental bittersweet), but their sparse distribution still makes management feasible.
Within the last group belong species which are candidates for priority monitoring
(e.g. biofuel plants like Paulownia tomentosa, princess tree). Alien plant species with
potentially high risk of environmental and potential negative socio-economic impact
thus recruit from naturalized species starting to spread (85 species), or species with
continuing spread (61 species).

The assessment of fauna was based on several sources providing an overview of alien
animal species occurring in the Czech Republic: 662 species from the DAISIE database
(Pergl et al. 2012), 595 species from the catalogue of alien animal species (Sefrovd and
Lastavka 2005), and 490 species from the list of alien terrestrial insects occurring in in-
door and outdoor environments (Sefrova 2005 and unpublished database of Sefrovd et
al.). This screening resulted in a total of 680 alien animal species, the majority of which
are terrestrial insects (490), followed by other terrestrial and aquatic invertebrates (110)
and vertebrates (80). Of the alien terrestrial insects, 249 are known to be restricted to
indoor spaces where stable temperature allows them to shelter from harsh winter condi-
tions outside, and the same holds for the majority of arachnids and gastropods. These
species, unable to escape into the outdoor environment, were thus not included in the
assessment for the Black List. As a result, we identified 184 animal species that occur
outdoors and have (or potentially may have) an environmental impact.

There are 102 established (naturalized) but not invasive insect species that have
not spread significantly or had already spread in the past and now are considered as
a part of resident communities. Among the invasive insects, seven species have an
impact on native insects and 41 can be classified also as pests in agriculture, forestry
or horticulture. Of these, 28 species cause significant losses to the economy and are
therefore permanently monitored and managed; monetary value of the damage to the
environment, if at all possible to estimate based on current knowledge, is by an order
of magnitude lower than that to economy.

In the list, we retained two invertebrate species known to have more devastating ef-
fect on agriculture than on biodiversity, Arion vulgaris (Lusitanian slug) and Varroa de-
structor (varroa mite), which potentially can also have a strong environmental impact.
Arion vulgaris is generally widespread and may influence also natural communities by
herbivory and competition with native gastropods; the environmental impacts of V.
destructor are indirect, through its potential effect on the pollination by honeybees. In
aquatic environments, the proportion of invertebrates with possible impact on native
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species or ecosystems is relatively high, with representatives from macrozoobenthic
molluscs, such as Dreissena polymorpha (zebra mussel), or crustaceans, such as the am-
phipod Dikerogammarus villosus (killer shrimp), or invasive crayfish (Orconectes limo-
sus, spiny-cheek crayfish; Pacifastacus leniusculus, signal crayfish).

Alien vertebrates are the smallest group in terms of species number, but host the
highest proportion of species causing ecological impacts. There are marked differences
among vertebrate groups. There is no alien bird with negative ecological impact in
the Czech Republic, and only one reptile (77achemys scripta, pond slider), which so
far does not seem to be able to reproduce in the wild under the local climatic condi-
tions. In contrast, fish and mammals with well documented or potential impact are
quite common. Several of these fish (-10 spp.) and mammals (-15 spp.) are already
widely distributed in the Czech Republic, and their complete eradication is not feasi-
ble. However, local/regional eradication or suppression by management action may be
possible. It is therefore important to reduce new introductions and releases and strictly
control the vicinity of farming and breeding facilities (e.g. deer parks, fishponds) to
prevent or at least diminish escapes into nature.

The groups of alien species classified within the Black (BL1-3) and Grey Lists are
characterized mainly by level of impact, type of spread (affecting the management and
regulation). Species with high environmental and high socio-economic impact are in
BL1. Species with high or medium environmental impact and almost negligible socio-
economic impact are then classified according prevailing mode of their spread (BL2,
BL3). Species, the environmental impact of which is limited at present, are included in
the Grey List (GL). The detailed description of the groups is following:

Species group BL1: Species with the greatest impact and with the strongest regu-
lations recommended/needed; their populations should be managed whenever pos-
sible although they are already present in large numbers in the Czech Republic and
their complete eradication is not feasible. Whenever feasible, it is important to limit
further spread of these species; for species where efficient management strategy is not
available at present, research that may provide management options is warranted. The
group includes two plant and three animal taxa. Plants listed in these category are rap-
idly spreading neophytes, an annual Ambrosia artemisiifolia (common ragweed) and
monocarpic perennial Heracleum mantegazzianum (giant hogweed), having strong im-
pacts on native biodiversity and/or posing direct threats to human health (allergy and
photodermatitis) (Nielsen et al. 2005, Hejda et al. 2009, Pysek et al. 2012a). Animal
taxa comprise heterogeneous group of species which include Varroa destructor, a mite
affecting bees, and two mammal species (Neovison vison, American mink; Procyon lo-
tor, racoon). As Varroa has also significant socio-economic impact and is restricted to
honey bee colonies, its distribution is monitored and management is already driven by
state authorities.

Species group BL2: Species depending highly on human actions that promote
their spread (mostly combination of release and spontaneous spread), both types of
distribution, and mostly with moderate to massive environmental impact, but mini-
mal socio-economic impact; 49 plant and 8 animal taxa. These species are often found
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as remnants of planting in gardens and plantations or in case of animals introduced
for hunting and fishing, which facilitates their further spread. Instead of economi-
cally important species, alternative native species should be promoted. If necessary for
economic activities in areas with low conservation value, keeping in capture could be
permitted, with prerequisite of good prevention of escape, and removal of the captive
population once the economic activity has ceased. Spontaneous populations outside
urban areas or areas of captivity should be reduced by change of local management, or
by local eradication campaigns when feasible. Specific focus should be on areas with
high conservation value.

Species group BL3: Species whose current distribution results from spontaneous
spread and unintentional introductions. They cover species with both types of distri-
bution and impact ranging from limited to massive (Appendix). The recommended
strategy for these species is stratified approach balancing between the local needs and
the available resources for eradication. As none of the species is planted or released
intentionally, the management and trade regulations can be more straightforward than
in BL2. If locally necessary and there are known efficient eradication methods for the
given species, eradication should be attempted. In urban and suburban environments
species can be tolerated, but eradication or suppression by change of local management
(land use) is recommended.

Species group GL: Species with limited environmental impact at present, distrib-
uted both regionally and locally, and with current distribution as a results of sponta-
neous or combined spread. For the listed species outside areas of a high conservation
value there is no need to take actions against them, or restrict them. Change in man-
agement may be actively taken into account to reduce their distribution. This group
consists of 47 plants and 16 animals, and is substantially formed of several weedy plant
species and parasites.

Watch List of alien plant and animal species

The Watch List (Appendix) contains selected high-impact species that (1) have not yet
been recorded from the Czech Republic but occur in other European countries with
similar climatic conditions and habitats (and thus may be successfully introduced to or
invade the Czech territory), (2) species that are at present kept in culture or enclosures
only (such as Capra aegagrus, wild goat, or Bison bison, American bison), or (3) spe-
cies introduced in the past but without presently known wild populations, which may
be considered potential competitors for native species (several fish species). In case of
plants this is analogous to species already present in e.g. gardens, parks or aquaculture
(e.g. Azolla filiculoides, Pacific mosquitofern; Paulownia tomentosa, princess tree) which
may in the future establish in the wild and became problematic. There are 25 plant and
27 animal taxa on the Watch List. For these species, as well as for some sparsely distrib-
uted species from the Black or Grey Lists, preventive actions against their introduction
to and subsequent spread in the country, or uninvaded regions, are justified.
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Discussion

This paper provides the first assessment of alien species in the Czech Republic in terms
of their environmental impact, with direct habitat-related recommendations for land
managers, policy makers and other stakeholders. Introduction and naturalization of a
new species is a dynamic process (Blackburn et al. 2011, Richardson and Pysek 2012,
Lockwood et al. 2013), therefore the published lists of this kind are not and cannot be
definitive. One of the important aspects of such a work is that it can stimulate discus-
sion on the assessment of individual species as well suggestions of possible additions
or deletions, from people involved in research, management, as well as general public.

It has to be highlighted that the proposed groups BL2 and BL3 within the Black
List do not show the importance of the included species for prioritization of the man-
agement as their environmental impacts, though not negligible, may vary. The group-
ing is used mainly to differentiate between various management options in respect to
particular site conditions. Furthermore, these lists are based on environmental rather
than socio-economic impact. Thus, we did not include in the list pests causing heavy
economic losses, like Leptinotarsa decemlineata (Colorado potato beetle), the impact
of which is restricted exclusively to agriculture. In contrast, we included, for example,
Varroa destructor, whose impact on commercial honey bees may have indirect environ-
mental consequences through effects on pollination of many plant species.

Within the Grey List, we included also a taxon that, despite being a part of the
alien fauna in the Czech Republic, does not require management in the wild but rather
import restrictions. This is the case of the Chinese mitten crab (Eriocheir sinensis), a
potential host of a serious pathogen that can be transmitted to freshwater crayfish, i.e.,
native species of conservation relevance (Svoboda et al. 2014). Due to its transient
occurrence in the Czech Republic (during periodic migrations only), this species was
not listed in group BL3 that includes alien crayfish species with the same capability
but established in the country and thus eligible for local management. For the Chinese
mitten crab, a legislative ban of release into the wild as well as regulation of trade and
import of live individuals are recommended; if an import is considered, only dead
animals for food market should be imported.

The system presented here follows the recommendations of IUCN that all newly
introduced alien species should be treated as “guilty until proven innocent”, follow-
ing the precautionary principle (Genovesi 2005). The proper evaluation of a species
is hindered by a possible lag phase between the introduction and naturalization (Wil-
liamson et al. 2005, Blackburn et al. 2011) and a wide range of possible impacts that
are context-dependent (Pysek et al. 2012¢, Hulme et al. 2013, Hordckovd et al. 2014).
In reality, the recognition of problematic invasive alien species in early stages is very
difficult and usually not possible until the species is widely distributed; at that stage,
however, it is usually too late for its easy eradication (Pluess et al. 2012b).

Invasive alien species are responsible for many negative effects on native species
and ecosystems, particularly in areas with a high conservation status (Foxcroft et al.
2013) where IAS management is costly and makes up a large proportion of the pro-
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tected area management budget (Frazee et al. 2003). In contrast, in many ecosystems,
human activities and resulting land-use change, such as increasing intensification of
agriculture and urbanization, or abandonment of industrial areas, promotes existence
of “novel” habitats where some alien species might be a valuable component (Hobbs
et al. 2006, Gaertner et al. 2012). This is the case of green areas in and around cit-
ies where the native species diversity is reduced and vegetation is composed of a few
dominant native species accompanied by aliens with a relative low cover. Urban areas
are a significant source of alien species (Aronson et al. 2014, Kowarik et al. 2013),
but they also fill important ecosystem services with wide socio-economic implications.
Therefore, to eradicate or not is often not a simple decision, especially if one takes into
account financial costs and feasibility of such a management action.

A separate issue related to alien species and our proposed Black, Grey and Watch
Lists are recent developments in the area of biofuel plants and animal species imported
for aquaculture and farming. It has been suggested that the traits of an ideal biofuel
species are the same as those favouring invasiveness (Raghu et al. 2006, Buddenhagen
etal. 2009, Smith et al. 2015). Some of the biofuel species (Arundo donax, giant cane;
Psidium cattleianum, cattley guava) are even listed among 100 of the worst global in-
vaders of the IUCN (Lowe et al. 2000). In the Czech Republic, the issue of importing
and planting potentially invasive species is manifested by the biofuel or forestry species
such as Reynoutria taxa, or Quercus rubra and Paulownia tomentosa, respectively. For
such cases, we advocate a stratified approach based on the type of the invaded habitat,
and habitat-related nature conservation needs. A knowledge-based and region-specific
differentiated approach is much more suitable than efforts aimed at complete eradica-
tion, regardless of circumstances, which is in most cases hardly possible anyway (Re-
jmdnek and Pitcairn 2002, Pluess et al. 2012a, b).

Our aim was to make the Lists on the one hand relatively comprehensive but on
the other hand simple enough for later implementation into policy tools. Such an
approach was reflected in the composition of the Watch List. It contains species that
are not present in the Czech Republic but require attention (because they are already
established and cause impact in the neighbouring countries or areas in Europe with
similar climatic conditions, and their import is highly probable), but also species al-
ready present in the Czech Republic, but currently still restricted to cultivation, cap-
tivity or another kind of controlled environment. This allows for raising attention to
those “knocking on the door” as well as those already cultivated/farmed species which
should be monitored.

Implementing the Black Lists into legislative tools in the Czech Republic is, as
in many other countries, constrained by limited integration of IAS-related agendas
among different sectors and individual concerned bodies (e.g. nature protection, agri-
culture, forestry, aquaculture and fishery, hunting, pet industry and trade with various
species and products, research, municipalities etc.). In the Czech Republic, the issue
of IAS falls within the competence of the Ministry of Environment, but some activi-
ties which can on the one hand promote IAS (e.g. biofuel plants, horticulture), or on
the other hand control them (e.g. phytosanitary and veterinary measures) are under
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the competence of other sectors, primarily the Ministry of Agriculture. Unfortunately,
due to the different interests of each sector, cooperation between them is not very ef-
fective at present. These different interests lead to the inconsistency and weakening of
the legislative instruments, unclear competences in the field of IAS, as well as to their
ineffective management. Therefore, an essential condition of any progress in the Czech
Republic is to communicate the goals and problems caused by IAS to the general pub-
lic, stakeholders and policy makers to be able to successfully incorporate the legislative
measures, and preventive and control management. Implementation of the new EU
Regulation will significantly facilitate this process.

The lists presented here are the first attempt to provide basis for setting the priori-
ties of policy and nature protection at the national level in the Czech Republic. The
lists should also serve as a national starting point for discussion on priority IAS species
at the EU level, based on the new EU Regulation on IAS (Caffrey et al. 2014, Europe-
an Commission 2014). As the EU List has to take into account interests of individual
member states, it will likely reflect to a large extent political interests rather than purely
scientific assessment. Therefore national lists may provide a more flexible and effec-
tive way of dealing with invasive species. Compared to other existing Black and Grey
Lists for other European countries (Essl et al. 2011, Gederaas et al. 2012, Nehring et
al. 2013), our approach also takes into account invaded habitats and feasibility and
meaningfulness of potential management; we believe that such a methodological ap-
proach to prioritization of species represents important advancement, transferable to
other regions in Europe and elsewhere.

Acknowledgements

The work on this paper was initiated by the Ministry of Environment of the Czech Re-
public. Lucie Jufi¢kovd, Lenka Kubcovd, Viclav Pizl, Karel Tajovsky, Lubos Beran, and
Jan Dusek are acknowledged for consultations that improved our knowledge on species
distribution and impact, thus facilitating classification within the List categories. JB, ]S,
IP and PP were supported by The Czech Academy of Sciences (no. RVO 67985939,
and Praemium Academiae award to PP), and Czech Science Foundation (projects no.
P504/11/1028, and no. 14-36079G — Centre of Excellence PLADIAS). RS was sup-
ported by the Ministry of Culture of the Czech Republic (DKRVO 2015/15, National
Museum, 00023272). Christina Alba is acknowledged for improvement of our English,
Wojciech Solarz and an anonymous reviewer for helpful comments.

References

Aronson MF], La Sorte FA, Nilon CH, Katti M, Goddard MA, Lepczyk CA, Warren PS,
Williams NSG, Cilliers S, Clarkson B, Dobbs C, Dolan R, Hedblom M, Klotz S, Louwe



Black, Grey and Watch Lists of alien species in the Czech Republic... 19

Koojimans J, Kiihn I, MacGregor-Fors I, McDonnell M, Mértberg U, Pysek P, Siebert S,
Sushinsky J, Werner P, Winter M (2014) A global analysis of the impacts of urbanization
on bird and plant diversity reveals key anthropogenic drivers. Proceedings of the Royal
Society B 281: 20133330. doi: 10.1098/rspb.2013.3330

Bayliss H, Stewart G, Wilcox A, Randall N (2013) A perceived gap between invasive species
research and stakeholder priorities. NeoBiota 19: 67-82. doi: 10.3897/neobiota.19.4897

Blackburn TM, Essl F, Evans T, Hulme PE, Jeschke JM, Kiihn I, Kumschick S, Markovd Z,
Mrugata A, Nentwig W, Pergl J, Pysek P, Rabitsch W, Ricciardi A, Richardson DM, Sendek
A, Vila M, Wilson JRU, Winter M, Genovesi B, Bacher S (2014) A unified classification
of alien species based on the magnitude of their environmental impacts. PLoS Biology 12:
€1001850. doi: 10.1371/journal.pbio.1001850

Blackburn TM, Pysek P, Bacher S, Carlton JT, Duncan RP, Jarosik V, Wilson JRU, Richardson
DM (2011) A proposed unified framework for biological invasions. Trends in Ecology &
Evolution 26: 333-339. doi: 10.1016/j.tree.2011.03.023

Brunel S, Suffert M, Petter F, Baker R (2013) Interface between pest risk science and policy: the
EPPO perspective. NeoBiota 18: 9-23. doi: 10.3897/neobiota.18.4049

Buddenhagen CE, Chimera C, Clifford P (2009) Assessing biofuel crop invasiveness: a case
study. PLoS ONE 4: ¢5261. doi: 10.1371/journal.pone.0005261

Caffrey JM, Joe M, Baars J-R, Barbour JH, Boets P, Boon P, Davenport K, Dick JTA, Early J,
Edsman L, Gallagher C, Gross J, Heinimaa B, Horrill C, Hudin S, Hulme PE, Hynes S,
Maclsaac HJ, McLoone P, Millane M, Moen TL, Moore N, Newman J, O’Conchuir R,
O’Farrell M, O’Flynn C, Oidtmann B, Renals T, Ricciardi A, Roy H, Shaw R, Weyl O,
Williams F, Lucy FE (2014) Tackling invasive alien species in Europe: the Top 20 issues.
Management of Biological Invasions 5: 1-20. doi: 10.3391/mbi.2014.5.1.01

Chapuis JL, Frenot Y, Lebouvier M (2004) Recovery of native plant communities after eradication
of rabbits from the subantarctic Kerguelen Islands, and influence of climate change. Biological
Conservation 117: 167-179. doi: 10.1016/S0006-3207(03)00290-8

Convention on Biological Diversity (1992) http://www.cbd.int

DAISIE (2009) Handbook of alien species in Europe. Springer, Berlin, 1-399.

Dehnen-Schmutz K, Touza ], Perrings C, Williamson M (2007) The horticultural trade
and ornamental plant invasions in Britain. Conservation Biology 21: 224-231. doi:
10.1111/j.1523-1739.2006.00538.x

DiTomaso JM, Reaser JK, Dionigi CP, Doering OC, Chilton E, Schardt JD, Barney JN (2010)
Biofuel versus bioinvasion: seeding policy priorities. Environmental Science & Technol-
ogy 44: 6906-6910. doi: 10.1021/es100640y

Dodet M, Collet C (2012) When should exotic forest plantation tree species be considered as
an invasive threat and how should we treat them? Biological Invasions 14: 1765-1778.
doi: 10.1007/s10530-012-0202-4

Essl F, Nehring S, Klingenstein F, Milasowszky N, Nowack C, Rabitsch W (2011) Review
of risk assessment systems of IAS in Europe and introducing the German-Austrian black
list information system (GABLIS). Journal for Nature Conservation 19: 339-350. doi:
10.1016/}.jnc.2011.08.005



20 Jan Pergl et al. /| NeoBiota 28: 1-37 (2016)

European Commission (2014) Regulation (EU) No 1143/2014 of the European Parliament
and of the Council of 22 October 2014 on the Prevention and Management of the Intro-
duction and Spread of Invasive Alien Species. Brussels.

Follak S, Dullinger S, Kleinbauer I, Moser D, Essl F (2013) Invasion dynamics of three allerge-
nic invasive Asteraceae (Ambrosia trifida, Artemisia annua, lva xanthiifolia) in central and
eastern Europe. Preslia 85: 41-61.

Foxcroft LC, Pysek P, Richardson DM, Genovesi P (Eds) (2013) Plant Invasions in Pro-
tected Areas — Patterns, Problems and Challenges. Springer, Dordrecht, 656 pp. doi:
10.1007/978-94-007-7750-7

Frazee SR, Cowling RM, Pressey RL, Turpie JK, Lindenberg N (2003) Estimating the costs of
conserving a biodiversity hotspot: a case-study of the Cape Floristic Region, South Africa.
Biological Conservation 112: 275-290. doi: 10.1016/50006-3207(02)00400-7

Gaertner M, Breeyen AD, Hui C, Richardson DM (2009) Impacts of alien plant invasions on
species richness in Mediterranean-type ecosystems: a meta-analysis. Progress in Physical
Geography 33: 319-338. doi: 10.1177/0309133309341607

Gaertner M, Fisher ], Sharma G, Esler K (2012) Insights into invasion and restoration ecology:
time to collaborate towards a holistic approach to tackle biological invasions. NeoBiota 12:
57-76. doi: 10.3897/neobiota.12.2123

Gaertner M, Richardson DM, Privett SDJ (2011) Effects of alien plants on ecosystem structure
and functioning and implications for restoration: insights from three degraded sites in South
African Fynbos. Environmental Management 48: 57-69. doi: 10.1007/s00267-011-9675-7

Gederaas L, Moen TL, Skjelseth S, Larsen L-K (Eds) (2012) Alien species in Norway — with the
Norwegian Black List. The Norwegian Biodiversity Information Centre, Norway.

Genovesi P (2005) Eradications of invasive alien species in Europe: a review. Biological Invasions
7: 127-133. doi: 10.1007/1-4020-3870-4_12

Genovesi P, Carboneras C, Vila M, Walton P (2015) EU adopts innovative legislation on inva-
sive species: a step towards a global response to biological invasions? Biological Invasions 17:
1307-1311. doi: 10.1007/s10530-014-0817-8

Halford M, Heemers L, Dierickx M, Van Wesemael D, Mathys C, Mahy G (2014) Regula-
tion and self-regulation instruments to prevent deliberate introductions of Invasive Alien
Plants. A review with a focus on voluntary approaches. Discussion aper. AlterIAS Project
http://www.alterias.be/images/stories/downloads/Article/discussion_paper_regulation_
selfregulation_iap.pdf [accessed August 2014]

Hejda M, Pysek P, Pergl ], Sddlo J, Chytry M, Jarosik V (2009) Invasion success of alien plants: do
habitats affinities in the native distribution range matter? Global Ecology and Biogeography
18: 372-382. doi: 10.1111/j.1466-8238.2009.00445.x

Heywood VH (2014) Voluntary codes of conduct for botanic gardens and horticulture and
engagement with the public. EPPO Bulletin 44: 223-231. doi: 10.1111/epp.12112

Heywood VH, Brunel S (2011) Code of conduct on horticulture and Invasive Alien Plants.
Nature and Environment no. 162. Council of Europe Publishing (Strasbourg).

Hobbs R], Arico S, Aronson ], Baron ]S, Bridgewater P, Cramer VA, Epstein PR, Ewel JJ,
Klink CA, Lugo AE, Norton D, Ojima D, Richardson DM, Sanderson EW, Valladares
F, Vila M, Zamora R, Zobel M (2006) Novel ecosystems: theoretical and management



Black, Grey and Watch Lists of alien species in the Czech Republic... 21

aspects of the new ecological world order. Global Ecology and Biogeography 15: 1-7. doi:
10.1111/j.1466-822X.2006.00212.x

Horickovi J, Jutickovd L, Jarosik V, Sizling A, Pysek P (2014) Invasiveness does not predict
impact: response of native land snail communities to plant invasions in riparian habitats.
PLoS ONE 9: €108296. doi: 10.1371/journal.pone.0108296

Hulme PE, Bacher S, Kenis M, Klotz S, Kithn I, Minchin D, Nentwig W, Olenin S, Panov
V, Pergl ], Pysek P, Roques A, Sol D, Solarz W, Vila M (2008) Grasping at the routes of
biological invasions: a framework for integrating pathways into policy. Journal of Applied
Ecology 45: 403—414. doi: 10.1111/j.1365-2664.2007.01442.x

Hulme PE, Pysek P, Jarosik V, Pergl ], Schaffner U, Vila M (2013) Bias and error in current
knowledge of plant invasions impacts. Trends in Ecology & Evolution 28: 212-218. doi:
10.1016/j.tree.2012.10.010

Hulme PE, Pysek P, Nentwig W, Vila M (2009) Will threat of biological invasions unite the
European Union? Science 324: 40—41. doi: 10.1126/science.1171111

Humair F, Edwards PJ, Siegrist M, Kueffer C (2014) Understanding misunderstandings in invasion
science: why experts don’t agree on common concepts and risk assessments. NeoBiota 20:
1-30. doi: 10.3897/neobiota.20.6043

Jeschke JM, Bacher B, Blackburn TM, Dick JTA, Essl F, Evans T, Gaertner M, Hulme PE,
Kiihn I, Mrugala A, Pergl J, Pysek P, Rabitsch W, Ricciardi A, Richardson DM, Sendek
A, Vila M, Winter M, Kumschick S (2014) Defining the impact of non-native species.
Conservation Biology 28: 1188—1194. doi: 10.1111/cobi.12299

Kabrna M, Hendrychovd M, Prach K (2014) Establishment of target and invasive plant spe-
cies on a reclaimed coal mining dump in relation to their occurrence in the surround-
ings. International Journal of Mining, Reclamation and Environment 28: 242-249. doi:
10.1080/17480930.2013.820390

Keller RP, Drake JM (2009) Trait-based risk assessment for invasive species. In: Keller RP, Lodge
DM, Lewis MA, Shogren JF (Eds) Bioeconomics of invasive species. Oxford University Press,
New York, 44-62.

Keller RP, Springborn MR (2014) Closing the screen door to new invasions. Conservation
Letters 7: 285-292. doi: 10.1111/conl.12071

Kelly ], O’Flynn C, Maguire C (2013) Risk analysis and prioritisation for invasive and non-native
species in Ireland and Northern Ireland. Report prepared for the Northern Ireland Environment
Agency and National Parks and Wildlife Service as part of Invasive Species Ireland.

Kenis M, Rabitsch W, Auger-Rozenberg M-A, Roques A (2007) How can alien species inven-
tories and interception data help us prevent insect invasions? Bulletin of Entomological
Research 97: 489-502. doi: 10.1017/S0007485307005184

Kettunen M, Genovesi P, Gollasch S, Pagad S, Starfinger U, ten Brink P, Shine C (2009) Techni-
cal support to EU Strategy on Invasive Alien Species (IAS) — Assessment of the impacts of IAS
in Europe and the EU. Institute for European Environmental Policy, London and Brussels.

Kolar CS, Lodge DM (2001) Progress in invasion biology: predicting invaders. Trends in Ecology
& Evolution 16: 199-204. doi: 10.1016/S0169-5347(01)02101-2

Kowarik I, von der Lippe M, Cierjacks A (2013) Prevalence of alien versus native species of
woody plants in Berlin differs between habitats and at different scales. Preslia 85: 113-132.



22 Jan Pergl et al. /| NeoBiota 28: 1-37 (2016)

Kumschick S, Bacher S, Dawson W, Heikkili J, Sendek A, Pluess T, Robinson T, Kiihn I
(2012) A conceptual framework for prioritization of invasive alien species for management
according to their impact. NeoBiota 15: 69-100. doi: 10.3897/neobiota.15.3323

Kumschick S, Bacher S, Evans T, Markovd Z, Pergl ], Pysek P, Vaes-Petignat S, van der Veer G,
Vila M, Nentwig W (2015) Comparing impacts of alien plants and animals using a standard
scoring system. Journal of Applied Ecology 52: 552-561. doi: 10.1111/1365-2664.12427

Leung B, Roura-Pascual N, Bacher S, Heikkild ], Brotons L, Burgman MA, Dehnen-Schmutz
K, Essl F, Hulme PE, Richardson DM, Sol D, Vila M, Rejmdnek M (2012) TEASIng
apart alien species risk assessments: a framework for best practices. Ecology Letters 15:
1475-1493. doi: 10.1111/ele.12003

Levine JM, Vila M, D’Antonio CM, Dukes ]S, Grigulis K, Lavorel S (2003) Mechanisms under-
lying the impacts of exotic plant invasions. Proceedings of the Royal Society of London Series
B-Biological Sciences 270: 775-781. doi: 10.1098/rspb.2003.2327

Lewis KC, Porter RD (2014) Global approaches to addressing biofuel-related invasive species
risks and incorporation into U.S. laws and policies. Ecological Monographs 84: 171-201.
doi: 10.1890/13-1625.1

Lockwood JL, Hoopes MF, Marchetti MP (2013) Invasion ecology. Second Edition. Wiley,
Chichester, 466 pp.

Lowe S, Browne M, Boudjelas S, De Poorter M (2000) 100 of the world’s worst invasive alien
species: a selection from the global invasive species database. The IUCN Invasive Species
Specialist Group (ISSG), Auckland, New Zealand, 1-12.

Millennium Ecosystem Assessment (2005) Ecosystems and human well-being: synthesis. Island
Press, Washington, DC, 160 pp.

Mitchell CE, Blumenthal D, Jarosik V, Pulley EE, Pysek P (2010) Controls on pathogen species
richness in plants’ introduced and native ranges: roles of residence time, range size, and host
traits. Ecology Letters 13: 1525-1535. doi: 10.1111/j.1461-0248.2010.01543.x

Musil J, Jurajda P, Addmek Z, Horky P, Slavik O (2010) Non-native fish introductions in
the Czech Republic — species inventory, facts and future perspectives. Journal of Applied
Ichthyology 26: 38-45. doi: 10.1111/j.1439-0426.2010.01500.x

Nehring S, Essl F, Rabitsch W (2013) Methodik der naturschutzfachlichen Invasivititsbewertung
fiir gebietsfremde Arten. Version 1.2 BfN-Skripten 340: 1-46.

Nentwig W, Kiihnel E, Bacher S (2010) A generic impact-scoring system applied to alien mammals
in Europe. Conservation Biology 24: 302-311. doi: 10.1111/j.1523-1739.2009.01289.x

Nielsen C, Ravn HP, Nentwig W, Wade M (Eds) (2005) The giant hogweed best practice
manual. Guidelines for the management and control of an invasive alien weed in Europe.
Forest and Landscape Denmark, Hoersholm, 44 pp.

Ospik M, Bunce RGH, Tischler M (2013) Horticultural markets promote alien species inva-
sions: an Estonian case study of herbaceous perennials. NeoBiota 17: 19-37. doi: 10.3897/
neobiota.17.4217

Pergl J, Nentwig W, Winter M, Bacher S, Essl F, Genovesi P, Hulme PE, Jarosik V, Kiihn 1,
Pysek P, Roques A, Roy D, Vila M, Roy H (2012) Progress on DAISIE: ALIEN species
inventories in Europe updated. In: Neobiota 2012, 7th European Conference on Biological
Invasions, Pontevedra, Spain, 12—14 Sept 2012.



Black, Grey and Watch Lists of alien species in the Czech Republic... 23

Pimentel D, McNair S, Janecka J, Wightman ], Simmonds C, O’Connell C, Wong E, Russel
L, Zern ], Aquino T, Tsomondo T (2001) Economic and environmental threats of alien
plant, animal, and microbe invasions. Agroecosystems and Environment 84: 1-20. doi:
10.1016/S0167-8809(00)00178-X

Pimentel D, McNair S, Janecka J, Wightman ], Simmonds C, O’Connel C, Wong E, Russel
L, Zern ], Aquino T, Tsomondo T (2002) Economic and environmental threats of alien
plant, animal, and microbe invasions. In: Pimentel D (Ed.) Biological invasions: economic
and environmental costs of alien plant, animal, and microbe species. CRC Press, Boca
Raton, FL, 307-329.

Pluess T, Cannon R, Jarosik V, Pergl J, Pysek P, Bacher S (2012a) When are eradication cam-
paigns successful? A test of common assumptions. Biological Invasions 14: 1365-1378.
doi: 10.1007/510530-011-0160-2

Pluess T, Jarosik V, Pysek P, Cannon R, Pergl J, Breukers A, Bacher S (2012b) Which factors
affect the success or failure of eradication campaigns against alien species? PLoS One 7:
e48157. doi: 10.1371/journal.pone.0048157

Pysek P, Chytry M, Pergl J, Sddlo J, Wild J (2012a) Plant invasions in the Czech Republic: current
state, introduction dynamics, invasive species and invaded habitats. Preslia 84: 575-630.

Pysek P, Danihelka J, Sddlo J, Chrtek J Jr, Chytry M, Jarosik V, Kaplan Z, Krahulec F, Morav-
covd L, Pergl J, Stajerové K, Tichy L (2012b) Catalogue of alien plants of the Czech Re-
public (2nd edition): checklist update, taxonomic diversity and invasion patterns. Preslia
84: 155-255.

Pysek P, Jarosik V, Hulme PE, Pergl J, Hejda M, Schaffner U, Vila M (2012¢) A global as-
sessment of invasive plant impacts on resident species, communities and ecosystems: the
interaction of impact measures, invading species’ traits and environment. Global Change
Biology 18: 1725-1737. doi: 10.1111/j.1365-2486.2011.02636.x

Pysek P, Richardson DM (2010) Invasive species, environmental change and management, and
health. Annual Review of Environment and Resources 35: 25-55. doi: 10.1146/annurev-
environ-033009-095548

Pysek P, Richardson DM, Rejmédnek M, Webster G, Williamson M, Kirschner ] (2004) Alien
plants in checklists and floras: towards better communication between taxonomists and
ecologists. Taxon 53: 131-143. doi: 10.2307/4135498

Pysek P, Sddlo J, Manddk B (2002) Catalogue of alien plants of the Czech Republic. Preslia
74: 97-186.

Raghu S, Anderson RC, Dachler CC, Davis AS, Widenmann RN, Simberloff D, Mack R
(2006) Adding biofuels to the invasive species fire? Science 313: 1742. doi: 10.1126/sci-
ence.1129313

Rejmdnek M, Pitcairn MJ (2002) When is eradication of exotic pest plants a realistic goal? In:
Veitch CR, Clout MN (Eds) Turning the tide: the eradication of invasive species. IUCN,
Gland and Cambridge, 249-253.

Ricciardi A, Hoopes MF, Marchetti MP, Lockwood JL (2013) Progress toward understanding
the ecological impacts of nonnative species. Ecological Monographs 83: 263-282. doi:
10.1890/13-0183.1



24 Jan Pergl et al. /| NeoBiota 28: 1-37 (2016)

Ricciardi A, Steiner WW, Mack RN, Simberloff D (2000) Toward a global information system
for invasive species. Bioscience 50: 239-244. doi: 10.1641/0006-3568(2000)050[0239:TA
GISF]2.3.CO;2

Richardson DM, Pysek P (2012) Naturalization of introduced plants: ecological driv-
ers of biogeographic patterns. New Phytologist 196: 383-396. doi: 10.1111/j.1469-
8137.2012.04292.x

Richardson DM, Pysek P, Rejmdnek M, Barbour MG, Panetta FD, West CJ (2000) Naturaliza-
tion and invasion of alien plants: concepts and definitions. Diversity and Distributions 6:
93-107. doi: 10.1046/j.1472-4642.2000.00083.x

Richardson DM, Rejmédnek M (2011) Trees and shrubs as invasive alien species: a global review.
Diversity and Distributions 17: 788-809. doi: 10.1111/j.1472-4642.2011.00782.x

Roques A, Auger-Rozenberg MA (2006) Tentative analysis of the interceptions of non-in-
digenous organisms in Europe during 1995-2004. EPPO Bulletin 36: 490-496. doi:
10.1111/j.1365-2338.2006.01049.x

Scalera R, Genovesi P, De Man D et al. (2012) European code of conduct on Zoological gar-
dens and aquaria and Invasive Alien Species. Council of Europe document T-PVS/Inf
(2011) 26 rev., Strassbourg.

Sefrova H (2005) Introduced and invasive insect species in the Czech Republic and their economic
and ecological impact (Insecta). Acta Universitatis Agriculturae et Silviculturae Mendelianae
Brunensis 53(5): 151-158. doi: 10.11118/actaun200553050151

Sefrova H, Lastiivka Z (2005) Catalogue of alien animal species in the Czech Republic. Acta
Universitatis Agriculturae et Silviculturae Mendelianae Brunensis 53(4): 151-170. doi:
10.11118/actaun200553040151

Shine C, Kettunen M, Genovesi P, Gollasch S, Pagad S, Starfinger U (2009) Technical support
to EU Strategy on Invasive Species (IAS) — Policy options to control the negative impacts
of IAS on biodiversity in Europe and the EU (Final module report for the European Com-
mission). Institute for European Environmental Policy (IEEP), Brussels, Belgium.

Simberloff D, Genovesi P, Pysek B, Campbell K (2011) Recognizing conservation success. Science
332: 419. doi: 10.1126/science.332.6028.419-a

Smith LL, Allen D], Barney J (2015) The thin green line: sustainable bioenergy feedstocks or
invaders in waiting. NeoBiota 25: 47-71. doi: 10.3897/neobiota.25.8613

Svoboda ], Strand DA, Vrilstad T, Grandjean E Edsman L, Kozék P, Kouba A, Fristad RE
Bahadir Koca S, Petrusek A (2014) The crayfish plague pathogen can infect freshwater-
inhabiting crabs. Freshwater Biology 59: 918-929. doi: 10.1111/fwb.12315

Vaes-Petignat S, Nentwig W (2014) Environmental and economic impact of alien terrestrial
arthropods in Europe. NeoBiota 22: 23-42. doi: 10.3897/neobiota.22.6620

van Kleunen M, Dawson W, Essl E Pergl J, Winter M, Weber E, Kreft H, Weigelt B, Kartesz ],
Nishino M, Antonova LA, Barcelona JF, Cabezas FJ, Cirdenas D, Cdrdenas-Toro J, Casta-
fio N, Chacén E, Chatelain C, Ebel AL, Figueiredo E, Fuentes N, Groom QJ, Henderson
L, Inderjit, Kupriyanov A, Masciadri S, Meerman ], Morozova O, Moser D, Nickrent DL,
Patzelt A, Pelser PB, Baptiste MP, Poopath M, Schulze M, Seebens H, Shu W, Thomas ],
Velayos M, Wieringa ]JJ, Pysek P (2015) Global exchange and accumulation of non-native
plants. Nature 525: 100-103. doi: 10.1038/nature14910



Black, Grey and Watch Lists of alien species in the Czech Republic... 25

Verbrugge LN, van der Velde G, Hendriks AJ, Verreycken H, Leuven R (2012) Risk classifi-
cations of aquatic non-native species: application of contemporary European assessment
protocols in different biogeographical settings. Aquatic Invasions 7: 49-58. doi: 10.3391/
ai.2012.7.1.006

Vila M, Basnou C, Pysek B, Josefsson M, Genovesi P, Gollasch S, Nentwig W, Olenin S, Roques
A, Roy D, Hulme PE, DAISIE partners (2010) How well do we understand the impacts
of alien species on ecosystem services? A pan-European, cross-taxa assessment. Frontiers in
Ecology and the Environment 8: 135-144. doi: 10.1890/080083

Vila M, Espinar JL, Hejda M, Hulme PE, Jarosik V, Maron JL, 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. doi: 10.1111/j.1461-
0248.2011.01628.x

Williamson M, Pysek B, Jarosik V, Prach K (2005) On the rates and patterns of spread of alien
plants in the Czech Republic, Britain and Ireland. Ecoscience 12: 424—433. doi: 10.2980/
i1195-6860-12-3-424.1

Wittenberg R, Cock MJ (2001) Invasive alien species: a toolkit of best prevention and manage-
ment practices. CABI Publishing, Wallingford, 240 pp.

Woziwoda B, Potocki M, Sagan ], Zasada M, Tomusiak R, Wilczyniski S (2014) Commercial
forestry as a vector of alien tree species — the case of Quercus rubra L. introduction in Po-

land. Baltic Forestry 20: 131-141.



snoau

yoeoxdde payneng panwry S1LIPOIN [euoiSay eods poseapy s [eLIso1I) JB0RUIOD)  [RIBYZRQAAEPIAS T pgpy ) 1D ] vaouas snuio) | ¢Iq | dued
dd: 3 snoau rupdyou ] SU2ISAU0QUY VN0 erd
yoeoxdde payneng parwry 1EIOPOIA [euoBRg | o ds/poseopyl s [eLIso1I) El=al X Sorouvy T q4p V211]07) 71g | e
ad 3 SNoou g BAOPIAE(] - weid
yoeoxdde pagneng panwry 2IBIPOIN [euoldy | o Ip— s [emsana | seaoeremnydong oy youel spravp viayppng 714 | e
BYAODND 5
yoeoxdde pagneng 21BIPOJA! pawwry [euoiSay paseajy eq [BINSALIAY | QBDRYIUEIEWY pusaqo vy dnorny ewnssnyy suedna viog | ¢1q | ued
dd 3 snood b by A m\u gl mmo,ﬁw we| sapropnayy vjjoz ed
yoeoxdde payneng parwry S1EIPOIA ppuoldy | dsyposeapey ey e onenbe SEDVIUIA[ES | BYOLOWE B we saprojnoyy vijozy 714 | e
snoau puzoen
yoeordde payneng panwry SIBIPOJN B0 od [emsonm | oeadeuddody |y ‘PuqeApay ] vowsls svrdajosy 71d | wued
-eyuods/pasea[ay
eypifop|
X p
m yoeordde pagneng paywry 21eI9POIA [euoiSay .EGOMM\N”MS?M od [eMIsa11) 283080 | £udshaka yrsao - HMM\ MUSHM%%Q&&tv\ 71d | wuerd
Q
/./\ yoeoxdde payneng pawry 21BIOPOIA [euoidoy .SEOMMWMM.«E@M s [eL1S9112) JeadEqR] uwwwmw ] psosunf v diowyy 71g | wed
2_J " 3 snoau d £ Kuarpod uog o uerd
~ yoreoxdde pagneng panwry 2IBIPOIN [PuoISRy | o ds/poseapyl B! [emsanL | eadepifAreury spusoa Cqig ‘) winsoprard wnggy 719 | e
<
N peordde pagnen oy QAISSE euor3o snoou 1 11SO119) | DBIDBQNOTEW] foeuzpyg S[3uIMG (‘N veuusssp snguvpy | T wuerd
R bl payheng paawry ISSEN [eUOsy —ewods/paseapy [t q 'S uesefed [SUImMS CTIN) pedzssapy snqpuzjty” | T1d I
mM dd 3 snood i s ] opunsau 42)) eyd
S yoeoxdde payneng panwry QAISSEJA] ppuoldy | o dsyposeapoy 1 [emnso | oeoepurdeg —ouwse( 1onef 1 opu v 714 | e
=, g 3 ) g N o Kuqnoyz (000 ‘uewanIy, .
- uonedrperd Nadwor) QAISSEIA] panwry TeuoiSoy snosueruodg 9IBIGOMIDAUT | [BLISILIN SEpIOLIEA P 2 UOSIOpUY) dosomissap vou) 11g |Tewn
N uonedrperd Nadwor) panwry 2MBIPOIN TeuoiSay snosueruodg [ewwew MWM”NN 2epruof>01] | JuIaads [eadwr | (8G/ [ ‘snaeuury) £os0) uoosy | [Tg |Tewnue
N
S 1
) d 3: d (renbe) STy Opt BENE) wosia 10s1103) ®
3 uonedrpesd Nadwo)) panwry 21EIDPOIA Teuoidoy snosueruodg [ewtrew [Fmseua) SeprpIsIA ot ypsou (LLL1 “1PQRIYOS) uosia uosiaoa)y | 17q | ewiu
Pﬂ d 3 d d 4 JGETSTRIN I91AYT 39 1w erd
3 uopedrperd Nadwor) QAISSEIA] QAISSEJA] Teuoidoy snosueruodg ad q [BIISALI seoerdy O I S — 11g | uef
wasijousgad
uonedrperd Aadwor) QAISSEIA] 2MBIPOIN B0 snosueruodg e [BIISAII 2e0RINSY «BNohn_L:w ] vyjofirsuariy visosquiy 11g | querd
ASo1ens peduy pedwy peaids yusrmdo dnoid uoxey| Juowr (sureu dyHUIS) 8oreo | dnoid
uowsJeue, ¢ 2-0P0s)| vonnqiasa 0 3po] N K3035TY 2 -goIIAUg Apureg i ® sapadg IST] | uoxey,
¥ W weumyy —uonug JoopoN / TP t ¥ T

“(+) £q payjTeW 2IE ‘POPUIWWODAI S (sa1nso[dua ‘spuodysy “3+2) suonipuod pajjonuod ur Jurdoasy 1o saads saneu

£q yuswaoeydar a1oym saroads 1uerrodur AeoTirouooy *seaTe A[qen[eA dInIeu IPISINO PaIeIdo1 aq Aewr , £q paxrewr saads 1uef] “onisered — d onenbe — be 0on —1

‘qnrys — s ‘qeruuardd — od ‘feruudiq — q ‘enuue — & :umoys st £10151Y 1] ‘s1ue[d 10 "$ISIT (TD)) L1y pue (T¢q) Moe[g Jo sdnoid oy ur saads Jo 15T |y d1qeL

26

xipuaddy



27

IC...

he Czech Republi

cies in t

Black, Grey and Watch Lists of alien spe

snoau

yoeoxdde pagneng panwry POy | [euoiSay eods paseoy od [BINSAIIAY | 2B0EIIB[OIAY] | P[Pl O[PII] | 9MNOY A mpuapnoss vawjoilyy | 71q | yuerd
yoeoxdde payneng parwry 21BIOPOIA] Teuoidoy .Ezomm\omwwﬁum s [e112S9112) SBIDESOY .oEHMMM?SE wixe (1) suzgofipndo snduvsostyg| 71q | uerd
o1dd o 0 013: snoou s o) Aspd PUEld d
yoreoxdde pagneng panwry PO | [euoBy | ds/poseopyy [BLISA1IA BRI ssmgnop (D) pyofombunb snsspousquing 714 | e
peordde paygne. Ny QAISSE; euor3o snoou s 111SO11 8001, Axeuydod yosaI] ed
b PogRens PoNAT e At -e1uods/paseaoy [rrnsaLian A 2ouIqnof ("UIDY] YY) PHSUI SHSSII0UIYIAL] i | e
yoeoxdde pagneng panwry oIPOjy | [euoidoy paseajy N s [BIISA1I SBOBUL[OG (171D IDTUAOISIY] ] wnawgivg wnisfy 714 | wed
Lstjoy
yoeoxdde payneng parwry S1EIPOIA Teuoidoy .S:owuﬂuﬂmu_um od [eLISo1I) aea0EqE] .wM“%%%%M> ‘[pury smlydigod snurdng 71g | wed
’ mE&:_
19210 °[ (T
peordde pagnen oM | 2MBIDPOIN 0139, snodu wintydjy ] 1s 111S0110) Je0RqR] Apstapo SIPON SoprosBruy wnuingry | wuerd
b PoREns 3 4 ¢ ¢! -eyuods/paseayy [oddi(q (1519 ) I q 22URIPIS PPN P 7 14 !
atovm x T *pul
peoxdde paymen: 20TLUT 20BIIPO! U013 snodu ® 11)S21I9) | SBIDBUTUIES]e: vIRUZLR ohoy mafynpuvy3 susryduy Juerd
b payhens paawry PON [euolsy “eruods paseapy [t faeseq eywpeu A0y irpury 7 1d I
yoeoxdde payneng panwry QAISSEJA] Teuoidoy .S:ow_m\omwwau_um od [e1sa11) SLADEINSY uMMHMM____M_M ] snsodaqny sngruvyIE] 714 | wed
peordde pagnen Zhe 21BI2PO 0139, snoou od 111S2110) El=alas wm NN] smtopfionvd sneguvi wuerd
ki payrens paawry PON | T® | uods poseapy ¥ Sy Soruauns N PruviPH 1d I
peordde pagnen Ay 21EIDPO ilelri) snoou od 11S2119) Bl=ala s yupzod “SI3 ] STAORITI X SHeUDI wued
b payhens paanwry PON [EUOISY | ods /paseay [t Sy sorupeunys d v]* S 7id I
yoeoxdde payneng panwry 21BI9POIA] Teuordoy .S:ow_uw%wﬁum od [eMmsa1I SeadRIE] >Muh_ﬁ”\”wa esfows wnwuasiv uojopqoany | g | wuerd
yoeoxdde pagneng panwry 2Ol | [euoidoy \Bcowqw.\omwwmu_um od [BIISA1I aea0eqE] M”MMMM ( 1 syrusarffo viapn) 714 | wed
peordde pagnen oAy SAISSE euorda snoou 1 11S0119) 28089 Aysuga RySIEIN 2oruvaglsuusd snuzxvs, uerd
b payhens paawry ISSEN [PUOISNY | ) rods /paseay [t 10 “Hhsuad wresef TEYsTEN 7 4| 71d I
yoreoxdde pagneng panwry awIpojy | [euoiday paseapy s [emsanm | oeaoeuoSAog | eyysurp expardo Qo] (K1usp] ) smoqny vidopyy| 71q | yuerd
ad snoau d £ae1d faeyor sy daroiovyds q
yoeoxdde payneng panwry 21BIPOIN eo0] eods poseopy B! [BIISA1IA 2e0EINSY "oy unopq | “dsqns - smgdaasomyds sdousqrg 71d | e
oeoxdde paynen 230 21BIOPO! eUOISY snosu od 111521101 JBOOEBIDN Auels unop “peIyos suawyvxa sdouyo, uepd
b payheng paawry PON | [eUOISy] ~eru0ds paseapy [e Y|4 9 PeIYRS sy P id I
oeoxdde payne. 2 21BISPO! 0135 snoau ® [BIIISOIID) | 9B2OBIIQINONY Aewop ey ed
tprotdde payhens ponaIry TP [puosy -eyuods/pasea[ay [rrsat HGINO 20unN§ "LO, (‘XYDTIN) 212q0] susloousqog I | v
ad s snoau £aeid foey v dors q
yoreoxdde pagneng panwry 21BIDPOA [PuoIBRY | o FIp— s [BLISI1IA aea0eqE] ot sonoue | -dsqus sury (+1) snssedoss gl 714 | e
£3arens wedury wudur peards yusrmo dnoi3 uoxey| jJuow (ureu SynuaIs) ‘Soyeo| dnoad
uouraSe ¢ 22-0P05)| vonnqsia 0 3po] N A30181Y 9 -UoIAY Apureg U sarads sT] | uoxe
¥ UEIA wewmpy B JOOPoN JA30ISTY 1] Tauyg 12dg I L




Jan Pergl et al. /| NeoBiota 28: 1-37 (2016)

28

(ungpjosour) -

‘39) xordwo> ppiSpqosou
snosu uoxe: STy 20TUPZIAY wOsON T
yoeordde pagneng paywry QAISSEIAl [euoidoy omods paseapy w sprgdy od [e18211) 2BIORINSY xpiBpqonot | 5y (1) 15jag-taou ungrusolydus 71d | wuerd
Ppaepa1 £[asop BRIIse
HMJHO :.m .ﬂvu:m
yoroxdde payneng paiwry 21eIOPOIA] [euoidoy paseapy s [emsanay | oeaderojudery | Apiq sypupured 25 D §MH_§M§§E\ diuty 71d | ued
yoeordde pagneng paywry QATSSEJAl TeuoiSoy \Scowu\uwwwmuﬁum od [EHIsa1IN QBIOLINSY MMMM“_M oy poruvsis 05vpros 71g | Jued
peoxdde paynen 0TLUT JAISSE euoISy snodu od BIIISO1I) JB0LI) Tpeusy | szsuapvUvI 03VP10 T Juepd
b payhens pawwry 1SS [euoISRy “eruods paseapy [t Sy Hqorez 1 up; vpHoS 1d !
yoeoxdde payneng pawry 21BI9POIA] [euoidoy .S:owu\o_wwwwumm od [eL1S2119) SBIDEINSY .MHMMWH ] iwrusov] viyoaqpmy 71d | ued
yoeoxdde pagneng paywry SAISSEIA TeuoiSay \mucowu\ﬁwwwmuﬁum . bl [EMIsa1I) oeadEqe] Juvﬂuvﬂ_cu\,ocb 1 vrowovopnasd viqoyy 71g | wued
BAODUIQOI0
yoeoxdde pagneng panwry 21eI9POIN [euoISay paseapy 1s [EMIS211) | deadeIpIRdEUY | edurnys MpNg () vugdiG snapp 71d | wuerd
snoau BISUIEYDES TeSEN] (Apruiyds
yoeoxdde payneng paiwry QAISSEJA] [euoidoy -emods/poseap od [eINso1I | 9e0eU03A[0] ey ) siesoyoms opsemoulng 71d | wued
ad s snoau q Sk eaeid eysuodef voruodvl q
LUNOH 13 ﬂuwﬁﬁduum ﬁMu—E—\M SAISSEA —.NCO_ 2N | \Nuﬁoﬁmw\—uvmdvﬁmm 9 ﬂwmuumUuuUu QEDEUO. ~OAH NVTN:U.E‘J ‘oA TnoL] QNN&QRQ.\Q.ERQ§RN% 1d H=N~
yoeordde pagneng paywry QAISSEIA [euoISay .EGOMM\MM._QEWM od [emsanL | 9eaoeuoSA[0]  |e3sa) eE[PIY BIPID QMMMM_MQMW e 71d | wuerd
yoeoxdde payneng pawry QAISSEJA] [euoidoy .SEOMMWMM.S?M 1 [eL1S9112) seoedey £u2a12) qnp ] UGRL SHUINY) 71g | wued
yoreoxdde pagneng pawry 21BIOPOIN [e20] \EGOMMWMM.STM 1s [eMIsa1IN BIDLSOY M\”_AMMW_NM w0y [ N pour0s vyguvovaer | g | wuerd
snoau 1upzod .
JUNO\-&&N ﬁu@mumuum ﬁuu_ﬁum\ﬁ OAISSE]AI —NEOMMUMM vNuCO&w\ﬂvvwdbﬁwm s1 —.thquthu ABIDESOY .WF—UEM.:m Juﬂm DUIIOLIS SNUNA] 1d uF—N—&
snoau ueeqoifw ‘ug| .
yoeoxdde payneng pawry QAISSEJA] Teuoidoy wods/poseap N s [e112S9112) 2LIDESOY oqoskr goars YT 24afisviar snunig 71d | wued
A
yoreoxdde pagneng pawry 21eI9POJA] Teuoidoy ‘S:ow_m\owwwmo_um 1 [e1182139) ElERaliNN \aﬁ\mﬁ_o__w Jor ] tafiuvsvg snndog 71g | wed
oeordde pa T1e1)! )T JAISSE EUOISS) snoau 1 111S9119) QBDEII[E Speur odoy| QUIOJN SISUIPVUVIX ST, §R§ Jue] d
b payneng paawry ISSEN [euoLsay ~eru0ds paseapy * e eS  AIspeuey | YPUSON S7sttop maed | T1d I
nos eproInwloa
yoreoxdde pagneng paywry SAISSEIA [e20] . zomn u:nmu 5 1 [EMIsa1I) Seaoeul ] ‘expromufon ] $1qQoss smus ] 71d | wuerd
HOAS/pasE 2014010q
ad snoau eaeld vASIU q
yoreoxdde pagneng panwry 21BIDPOA 00 eods pasepy 1 [BIISA1IA Se0RUI] pusog somouoq|  -dsqns ploury i <[ i sty 714 | e
£3arens wedury wudur peards yusrmo dnoi3 uoxey| jJuow (ureu SynuaIs) ‘Soyeo| dnoad
uouraSe ¢ 22-0P05)| vonnqsia 0 3po] N A30181Y 9 -UoIAY Apureg U sarads sT] | uoxe
¥ UEIA wewmpy -uonaug JO PO JAI0ISTY o] Tauy 13dg IrT L




29

IC...

he Czech Republi

cies in t

Black, Grey and Watch Lists of alien spe

[AS[speues ueiny

yoeordde payneng 2MBIPOJA] 21LIPOIN [euoiSay snosueiuodg e [eLSA1I) SE0RINSY ‘ejspeues| | asmbuor)y () swuapruv vafuory | ¢1q | wued
euEIM
TUpOyPLA 1opIng 10 1INAI5)
yoeoxdde payneng MBIPOJA! panwry [euoiSay snosueruodg e [BINSALIA) | SE2dBNOUNUEY onso (a5003) rorsrding opgosier) ¢1g | ued
yoreoxdde payneng 1IIPOIA] 21BIOPOIA] Teuordoy snosueiuodg qe [e1sa1I) seoerdy \WMMMM ] wngpnIvIL Wniuoy) ¢1g | wed
yoeoidde payneng 21eIPOIN 21BIPOIA Teuoidoy snoaueruodg od [e1Is211) 2BIORINSY 1050 peyod *doog (") asuaay wnisr) ¢1g | wued
yoeoxdde pagneng 21BIIPOJA! awIpojy | [euoiday snosueiuodg e [BINSAIIA) | QEddEqEUUE)) Jpm AOTIATEA ¢1q | ued
: : o1s idouoy| | wauvguods e vans siqruur’)
yoeordde payneng panwry SAISSEIA] [euoiSay snosueiuodg ad q [BLOSOLIA) | DBAEDISSEIG _vﬂ MMMMMW ] SypIUILIO SVIUNG ¢1g | ued
wuw:::
yoeoxdde payneng 21BIIPOJA! awpojy | [euoiday snosueiuodg e [emsonL) | dedeqUEIRWY | ] fnuyo ] suxapfosan snyruvivuty ¢1q | ued
SaAE[sE|
yoeoxdde pagneng 21BIIPOJA! awIpojy | [euoiday snosueiuodg e [BINSIIIA | QLDRYIUEIEWY mMHMM_MWN uose\ °§ #ypomod snqpurivueyy | ¢1q | wuerd
yoeoxdde pagneng SIBIIPOIA! panwry eo0] snosueruodg ® [BINSAIIA | deddeIUEIRWY | A[Iq DoATNSE] ] g sneruvivuy; ¢1q | wued
yoeoxdde pagneng 21BIIPOJA! POy | [euoiday snosueruodg e [BINSAII 382080 rujod esyresd SN sapromsolus snansadoy | ¢1q | wuerd
yoeoxdde pagneng 21BIPOIA! panwry B0 snosueruodg ® [BIISA1IA SEIOBATCIA] >_M_H_MM_MM“H:H NIPIIN Hsriqdoaq; uopingyy ¢1q | wued
snosu (c181
yoeoxdde pagneng panwry panwry [euoiSay “eods paseopy + ysy snenbe sepruoweg  |Hpuaure usArs T — 71d |Tewnue
Snoou
yoeordde payneng panwry pawwry Teuoidoy -wodsyposeap + [PwwrewWw | [eLsa1o) sepraog uognw (1181 ‘Sefred) uousssnu sia() 714 | rewnue
s ; (zoL1
yoreoxdde pagneng panwry panwry TeuoiSoy paseajy + ysy snenbe sepruowreg  |£roynp ynnsd meqopy) st snoudyioongy 714 |Tewnue
yoeoxdde pagneng panwry panwry B0 paseapy ysy onenbe | aepryorenua)) faoynnsd (cost 71d |Tewiue
: T : : : Spunosjo opdaoe) saprouyvs snuardosny :
yoeordde payneng parwry 21BIPOIA Teuoidoy pasespoy ysy onenbe seprutid4ny %MMMMS pr) .@\.NMWWM\WMH“MSQ dodiyy 714 | rewnue
yoeoxdde pagneng pawry 31RISPOIN Teuoidoy pasespy ysy snenbe seprund4y)  |4]1q Siqojoisjoy gw\wwww RM\MNMMMH_MMWV diy 714 | rewiue
(7781 ‘souud
yoeordde pagneng parwry 21BI9POIA [euoiSay paseapy ysy onenbe seprutid4Any Ap1q mure -USeN) st uapoSukioydouany) 719 |ewiue
snoau
yoeordde payneng panwry SIBIPOIN [euoSay ewods poseapy + [Pwwew | [ernsau SEPIAIY) eyisuwpl | geg[ Spurnuway #odd snatyy | 71g |[ewiue
snoau Kuqopzo . .
yoreoxdde pagneng pawry 21BI9POJA] Teuoidoy T — od [e1182139) SBIDBINSY spuzor0[0] Sumeq (‘qoryps) zsowads viyajar | 71g | wuerd
£3arens wedury wudur peards yusrmo dnoi3 uoxey| jJuow % (ureu SynuaIs) ‘Soyeo| dnoad
JusuraSeuey ¢ 23-0p05) | vonngtnsia 0 SpOIA N JA303STY 3] -UOIIAU Tred SUIPH IO sapadg ISIT | uoxe
uewnpy -UoJIAUY ¥ AT i ° 1 L




Jan Pergl et al. /| NeoBiota 28: 1-37 (2016)

30

9781 PIYS

yoeoxdde payneng 37RI9POIN 97BI9POIN [euoiSay snosueiuodg sy onenbe sepruniddny | eunquid serey X9 SpuIIRY, 4fiopsSiy smssuurr) ¢1q |rewrue
yoreoxdde payneng 21BIDPOIA QAISSEJA] [euorSoy snoaueruodg ysy onenbe sepruniddny | fuquns seresy | (2841 ‘Yoolq) 04aq13 smsswar) | ¢1q | [ewue
peoxdde payne. EISPO) 20 U013 snoaueuod D1BIQOMIOAUT | [BLIISOIID SEPILIE[[IDEI pronon] 9861 2Huncl
Yoeoldde payneng 1eIPON paawry [euolsRy ueuodg NEIQRIISAUL | TELISILIO) PIHE[[IRID BRI 29 OS] 2P0 vrmiou) €1q |ewiue
<681
yoreoxdde payneng QAISSEIA] SIRISPOIN [euoiday snosueiuodg 91BIQRLIAUT | [EIIISIIIA sepruonry  [Kysjpureds syezyd wopur-umbopy s oy ¢1d | rewrue
noyn .61 PIESR 23 TWIN
yoeordde payneng 21BIDPOIN 2eIPOIN [euoiSoy snoaueruodg areigayoAur | onenbe | aeproonmSuy ——— ey snssmes spprojoopmSuy ¢1d |[ewue
yoreoxdde payneng panwry SIBIPOIA 20T snosueiuodg sy onenbe sepunen]  |£u1d) ypawmns|(0gg1 onbsoutey) swpow snmawy | ¢1q | fewiue
yoeordde payneng 21eIPOIN 2eIPOIN [euoiSoy snoaueruodg ® [EMISa1I) Rlol e fruapsod 15q | anesq () prvppprsoa vpsas | ¢1qg | ueld
yoeordde payneng 21eIPOIN 2IBIPOI [euorSay snoaueruodg e [E1IS211) Bleal el | ALnuyo 19q WIRH MV Y Moqpf v | ¢1q | ueld
Hstjosyzn
yoeordde payneng pawry OATSSEA! [euoiSay snoaueruodg od [EMISa1I 2LIORIANSY v_uuhﬁn\ "0 suapimbavui 01 ¢1d | uerd
>€T:om Trqmy
yoreordde payneng paywry paywry 207 snosueiuodg od [emson | oeaoeuodA[og %MMMMW% agasnos - %n_:m\ angiofiSuay souimy ¢1q | werd
yoeordde payneng paawry QAISSE]A [0 snoaueruodg od [emson | oeaoeuoSA[og | Lysdre yuoxs ] Smurdyp xouumy ¢1qg | yued
eaeid
JUNOH&&N ﬂvummuﬁuuw Wuﬁuuﬁoz ﬂuvu—Eu\M ﬂNEOmwwm mﬁOMﬁNuEO&W e —.m_.:mw.—.—wu UNUUNUN—UHHOAH WCAUN .mﬁ—uﬂkm QNQN\\N\% .mmn_ﬂw 1 @NMQ.ANNQ N\QQNSN\QQ M‘Hm uﬁN~ﬁ—
dd d S oL jujod SEIONIN 32 002§ "H d
yoreoxdde payneng 9YBIPOIA! AIBIPOIN] B0 snosuriuodg | (‘Fearyy) yzuapns ® [eLISo11) 98080 136 0501d B A R — ¢1d | el
“dsqns youz . 71 q 1
yoeordde payneng 21eIPOIN paywry [euoiSay snoaueruodg adqe [eMIsa1I seaoepiex() | Jultipid paes “boe( ruayp syvx ¢1q | ued
Aaerd
yoeoxdde payneng 97I9POIN. paywry [euoiSay snosueiuodg adqe [e1msa1I Se0EPIEX) foops preis wivpnonio9 “ren ] vppgnoniod syvxQ)| ¢1q | yueld
yoeordde payneng 9YBIPOIA! NBISPOIA Teuordoy snosueiuodg dadq [EI0SLI2) | QBIDEYOURQOI() | JSUDW zEIPZ WS Lot 2yYIUPGOL() ¢1g | wed
wistjouday
JUNOMQQN —uvmtuﬁkuw Muﬁkvﬁuoz Uumuumvoz ﬁwuﬁ m.SOU:NHEOQm 19 ﬁwmuumv\-uvu Uﬂvumuuué W>5O& ‘uuﬂz S\Q N.NQNKNNX Q\NN m}—m H:N—Q
..\/NAH
yoeoxdde payneng EIPOIA] paiwry Teuoidoy snosueiuodg ® [e1sa11) seoeIsy  |[Kewsis mopd o uy mrospsepvnb viosugeny ¢1g | wed
oo
yoeoxdde pagneng 97BIDPOIN pavwry [euorSay snoaueiuodg ® [e1nso11) 2BDBINSY h”M_umﬂ w0 zuopfiaivd v3osuypry ¢1q | ued
JUNOH&&N —UU@_HN\Em Mumuuﬁuoz UHNHM—UOE ﬁwﬁomwvm ijUENu:O&w 12 ﬁdmuumvuhvu MNUUNOQ :—JV.MMM“—NNDH .\rﬂdvm nH A\Hv N\\N“M\gt N&Q\&\%Q&NQ&N M\Hm H:N—&
YN
yoeoxdde payneng EIPOIA 21BI9POIA] Teuoidoy snosueiuodg ® [BL11S2112) 3BIDEO] BsA] e3jR1501 (S snagoss oSy ¢1g | ued
JUNOH&QN —Uvu_uwuum‘ MHNMM—UOE UHN\-M—UOE —NUO\H wSOUENu:OQW 19 ﬁdmhumv\ﬂvu UNUUN—E~O>EOU mh:UN— vaHOv—Ov— ‘v—uﬂﬂy MEHMNN&@Q.» QNR.»Q.U m{Hm uﬁ—d—&
£3arens wedury woudur peards yusrmo dnoi3 uoxey| juow (ureu synuaKs) ‘Soyeo| dnoad
uowaeuepy ¢ 23-0005)| | vonnqisa 0 SpOIA N JA303STY 3J1]| -UONAUY Aureg SUIPH IO sapadg ISIT | uoxe
y uewnpy -UoJIAUY ¥ At ) : : L




31

IC...

he Czech Republi

cies in t

Black, Grey and Watch Lists of alien spe

yoeordde payneng eIPOIN paiwry [e20] snoaurauodg [EWWEW | [EHISLIN SepLnjy BUODQO SATY | (8G/ [ SOCUUIT) Sm4ypL SHAIDY] ¢1d |ewiue
(69.1
JUGO\-&&N ﬁu@_uﬁuum u\meﬁE Oumuv—uoz —Nﬁomwum mﬂOUE.NuEO&m —Nﬂur:mﬂ: _.Nm‘:mu\EUu uw—.v_uﬂz :Nvﬂucmm J—‘.—O—.—Evv—uwmv Q.NNMV\EQ& §Q~N M\Mm ﬁNEm:N
TupopAa (9781 P3PS
yoeoxdde payneng 2IBIPOIN QAISSEIA Teuoidoy snoaurauodg ysy openbe seprunid4y opeps | 2g spuranay ) ssd mogsmiopnosg ¢1d |ewiue
(Tss1
yoreoxdde pagneng pawry QAISSEJA] 00 snosueruodg orerqauaur | onenbe SISy Jureudrs syer weur y) smonsuay snovisufiong ¢1q | rewrue
paody] (8L1
yoeordde pagneng paywry pawry TeuoiSoy snoauriuodg 91LIGAMIAAUT | [ELISALIN SnuaILIAX() expnsod SnpoUqey) smistoey s ¢1d |Tewiue
yoeordde payneng paywry QAISSEIA [e20] snoauriuodg orerqauaur | onenbe sepueque)) | Luesoynid syer (181 ¢1d |ewiue
: T . : : : ‘ onbsautyey]) susous] 519910240 :
yoreoxdde payneng panwry pavwr] Teuoidoy snosueruodg [ewrtwew (penbe) SEPI[OOIATY prowzd 99.1 ¢1q | rewrue
ﬂwd\ﬂmu‘—hvu Nuudﬂﬁo »m.:vN:F:\HV MS.NQNVQ.NN Q&Q\NAQ
yoeordde pagneng paywry parwry TeuorSay snoauriuodg [ewrwrew (renbe) aeprue)) A (est ¢1d |Tewrue
[eL1159112) -opeadw sisd | Kerny) soprouoloud sommauaralp
oeoxdde payner: 2NEi 21BIOPO! euo13 snosueiuod: S openbe Jeprqo Awepouisy 181 wiue
Y payneng paawry 1EISPOJ [euolsay uodg sy 3 PIqed oAy se|[eq) snuuossourpout snqoSoan ¢1q |ewt
snoau (omenbe) .
yoeoxdde payneng panwry pavwr] Teuoidoy R —— [ewurew (e SEPLIOISLIOAIN] | JUM AIIINU | (g8/T “BUNOIN) Sndloa 4ogsmoofpy | ¢q | [ewnue
pysdorasoped 9c/1 snovu
yoeordde payneng QAISSEJA] pawwry Teuoidoy snoaurauodg [Pwwew | [eLsaL) SepLmiA ez W f\m_eurw:_ov s — p— ¢1d |rewrue
yoeordde payneng paywry 21BIPOIA Teuoidoy snoauriuodg ysy snenbe SEpIYPIENUI)) uuM“H.&Ew (8G L1 ‘snoeuury) snsoqqis stuodo] | ¢q | fewiue
yoeordde pagneng pawry parwry [euorSay snoauriuodg 91LIGAMIAAUT | [EH1ISALIN 9epNsN0ILT 20TUTLIASE) CEG1 “NSY swsuaurs vimveyy ¢1d |ewiue
yoreoxdde pagneng pawry paywry [e20] snosueruodg 91PIGOMIDAUT | [ELIISILIN QepImoIy JMMNMH d (§££1 kma(q) vouns viguvgdiyy | ¢1q | rewiue
yoeordde pagneng BIPOIN 21BI9POJA] [euoiSay snoauriuodg 91eIGAMISAUT | [EMISIIIN | JEPI[[PUII0]) ”HHMMMM (ELLT ‘se[[eq) sppdw viuowvpy | ¢Tq | [ewnue
(c0s1
yoeordde payneng 1RIOPOA pawwry Teuoidoy snoaurauodg 21BIGRMIGAUT | [BLISALIN sepipiydy | eaeany expRUA T D —— ¢1q | rewiue
yoreoxdde pagneng 97BI9POIA QAISSEJA] Teuoidoy snosueruodg orerqaroaur | onenbe QEPIUASSII(] \OMHM“MM% (1£L1 ‘sefpeq) vqduouidjod vuassiaucy| ¢1q | fewiue
‘ (681
yoeordde pagneng paywry QAISSEA [euoiSay snoauriuodg oyeiqaiAut | onenbe seprrewrwen) | L1ezaf 2oA189[q |, spsuimog) snsoqpia smuruesrSainyc ¢1d |Tewiue
ruqnoyz (1881
yoeoxrdde payneng IBIPOIN paiwry Teuoidoy snoaurauodg 21BIGAMIAUT | [BLISALIN seprpidserq ooy spaiswory) ssomsusd ssompidg ¢1d |ewiue
apslise (L1
yoreoxdde payneng parwry 31RI9POIN Teuoidoy snosueruodg orerqauoaur | onenbe SeprudI)) ooy | SN i Q) roum oiguor) ¢1q | rewrue
£3arens uuu.._EM_ 05 wudur onnauns peards yusrmo 0 dnoi3 uoxey| jJuow % P (ureu SynuaIs) ‘Soyeo| dnoad
JusuraSeuey A 23-0p05) | vonngtnsia 0 SpOIA N JA303STY 3J1]| -uUONAUY Tred e sapadg ISIT | uoxe
uewnpy -uoxIAUg ¥ At L




Lsijoyjuqensa

2dUEIO], paywry parwry [euorSay snoaueruodg od [E113S211) 2BIORIANSY sroyIERS DA (1) sgofoviarg songooy | 15 | wued
Uuﬁmuuﬁovh —Uvuﬂﬁ:q ﬂuUu—Eu\H _.NEOmmMM mﬁOUr—NuﬁOh_m 14 —.mmuuwvuuvu QEDEO [ Isuswr Nvﬂw——:: 1SOH] Loutut MNQHQRMRAN ‘HU uﬁN~ﬁ-
DUEINO 1Y 1y uor3a snoaueruod ® 111S9119) | DBIORIULIE RIsedn sypow SIUPURLO 39 6B wuerd
1oL pawr paywry [euolsy S [t pueIEwy DI RU! ~edsopy (1 ) oyund viupydsicy O I
ADUEINO T 3T U013 snoau ad TI1SATI JBDESO .\NJU_@—‘: OO0 ("SI®|) vIarpuUl vausaLn, Jued
loL pawiry P | [PUON | o paseapy [ersoLo) ! eypoqel SO (SYE() 2ospug vousaqon | T | e
faep
DUﬁNuM?Wﬁ ﬁuvum:.—_‘H ﬂqu—Eﬂ“— _.NCOMMMM m._.—OU:.NuGOQm 14 —N_H_mv\-\—vu SBDTIANSY _eIws URWo JaInaIn) A.‘Hv QNNQN\NQ#M QNQQNENQ T uﬁd—&
DUEINO Ty 1wy uoI3a snoau 10S112) | oedoedesdr ISIDA BS s 39 uerd
1oL paar] paar] [Puoted -eyuods/paseafoy 9 i 'a RN PR WA0Y X3 PN\ 25052435 snavsdic] D !
Aprejoyua
20UEIO], paywry paywry [0 snoaueruodg ® [EMISAII | SBDEYIUETEWY V_EM_..OE_PV uanng usoypd wnutiadsiior) 1o | ued
\I/O/ ADUEI0O 2aliiig 2alieiLg 013, snoaueuod 14 [B111S119! QBDEIAIS \ \NHJU “wre ISP DIANDIUS’ erd
= UEROL paawry pawwry [euolsy uodg [ELISa11) 101y ~eppzor edigp W] penffip vaunviu) TO | uE]
Q fuwop :
2./J DURIDO], paywry pawry Teuoidoy snosueiuodg od [EMIS1I) | 2BADEIQINOND) nousp pesod boe( woronp viuolig 1o | wed
.Ir DURIDO], pawry parwry Teuoidoy snoaueruodg ode [e1IS211) Rleal ol | Aveup dogoas | ury 10 ooy smputivs snuosg | T | wuerd
0.0. ADUEI0O 2aliei BalNeely Nﬁoﬁwu snoaueiuod 12 TI1SATI. QBRI «AﬂuOT&OEHMW 1 $ns0; QQ&\.M&M 2, Juerd
N 1oL paawry paawry [EUOLSYy uods [EHIS211} Y aqnznoap Tnsop Prd O 1
W sofeA
BM ADUEINO T Balieely U013 snoauejuod; .uu Nﬂju—ﬂwtﬁ”‘w“a—‘ 14 TIISATI. QEDEYIUEIE! AA\/NhQ EN&Q&Q\% uerd
Nt 1oL Pyt poT At wods|1q ) meyap [Prmsatioy puEy fepow 4q | ~dsqns ssop (1) vawdoss vissvg O |
“dsqns vrvdoos g
~ vissog jour
v..[m Du:N\-M—OyH\ —UUHM:.—_\H ﬂuuu_:ﬂ“— _‘Ndowwum m.DOU:NuﬁOQm 14 W_uumvuhvu MNUUW%EEWAE ﬂ2m0~ N—Uvﬂu— .i\-om NNN“NN.NMNH v«h\n\sv\ ™ uF—NTm
- WOoA
8o 20UeId[O], paywry paywry [euorSay snoaueruodg od [EMISa1I 2BIORINSY pukpd onowre wnionousn visswargy | 19 | ued
Pf >3u.—0%05.—30r~1
N dueId|0], paywry panwry Teuoidoy snoaueruodg od [e1Is211) 2BIORINSY : pudpd QoY puvofoumno visuay | 19 | ued
X 2
] DUF—NHD—OI—I ﬁOumE_\H ﬁuu—::\ﬁ ﬁN:O_MUm wﬂOUﬂduEO&w 19 ﬂmmuumu‘uhvu SBIDLIANSY Tusor &wrﬂﬁu& ] vRunp vistudlLy” 1™ uF—N—&
DUBII[O 2 2 0135 snosueiuod: od [BIISOI1IO: seaoerd 9 Mx MNME 9 wnpsuvosy eid
U0, paawry pawwry [euoloay ueiuodg q [EHSa11) dy PURP BASTER] dsqns 1 poyaSupgou Sy 1O | uE]
BfIRpUE
DUEIO 3T 1T EUOIS; snoau S TSI JBIDESO %u.m—.-m.m] LOOVH erd
UERIOL St} PN [puory -eyuods/pasea)ay [rrnsatian gt S[rusoydN S (we) words sorgourpauyy O |
(remsa1 (T6L1 Pdootpg
yoeoxdde payneng panwry paiwry Teuordoy paseapy omdar -12%) operibe oepIpAwry  |BUISYPEU BAJZ uy Sroquiny ) #adkes sy ¢1gd | rewrue
JUNO\-&QN —Uvu_uwuum‘ ﬂuvﬂE—‘H @Dﬁ:\:\m —NUO\H wSOUENuEOQW uu.mkﬁ_vu\—v\rﬂw Uﬁdﬂ—uﬁ DN—UMF—OMED \Nvﬂm:mﬁ M_QDJM Awmwﬁ AND)C §§.N\§§\= QN§§\§§§§.NM. m{Hm ﬂmﬂ:_:N
£3arens wedury wudur peards yusrmo dnoi3 uoxey| jJuow (ureu SynuaIs) ‘Soyeo| dnoad
uswaeuepy ¢ 23-0005)| | vonnqisa 0 SpOIA N JA303STY 3J1]| -uUONAUY Apureg SUIPH IO sapadg ISIT | uoxe
Mﬂ y uewngy -uoxIAUg ¥ At : : ' L




33

Black, Grey and Watch Lists of alien species in the Czech Republic...

EHUOISOUAID)

MUEN\-D—OI—( —UOuaE—\H ﬂuuumﬁcm\m ?:Q_MUM wﬂOOENu:O&W n— ﬂmmuqu\,:Uu MNMUN‘—MN:O NV—_NQS& ﬁ—UE MN\SN\Q.N\Qs Q\NQ&QR&Q ™ uﬂm—ﬁm
Balitac (o} 201Uy 2Ty uor3a: snoaueuod e [I1SI1IO: seaoeISeu ppiep Hopard 39 uepd
oL paaury pawwry [euoloay uodg q [eHsa1I} O eypednd Py i 0 wdwroud moqrouap) 1O | uE]
2DULINO 2 2 013 snoau S2119) seaoerde JURIOPILL YDA ZUPIA0IZDIS ag10ud eyd
URIS[O], panwry pawry [euo13ayg -emods/poseapy q [e1sa1I) 18eu) eednd IPYINN Pupinoizuis viag1oua() T | ey
snoau eaexd psrexp| sypusflo
2dueId|O], parwry paywry [euoiSay -eods/poseop od [EMISa11) SeadeIWE equmpows | dsqus “ure (1) sprusnglo rspapy 15 | ued
DUEII[O 2alieilg 1T uoi3o snoau S [B111S112 QBDEPLIDGID! ﬂumSO—.—wEmUU mn sIng) wunijo, NSWQ viuoyo, uerd
oL paaury pawwry [euosay “eruods paseapy] [EHIsa1I} pHeqIg sruoyew NN (YsInd) wnigofs moqriN | 1O | AU
Tudo1
20UEIO], parwry panwry Teuoidoy snosueruodg q [ELISOIIN) | JBOIEDISSEI uumzmﬁw_: ] vruuy vvung 1o | wed
wu:qu—Or—L ﬁUﬂE—\H ﬁuuu—ﬂcﬂ\m ?EO—MU& snoau S ﬂNEumuuhUu ONMUN——O%E&NU uw: | SSQ%}\R& vauo| ™ u:N—Q
T o : -e1uods/paseaoyy : o 1203 Zo[owIZ e ’
UGN
DueId|0], parwry paywry Teuoidoy snoaueruodg qe [e1S2119) 2B2ORIISSEI \wﬂu:u.- ] wnomasaa wniprdo 10 | wed
DUEIO 1y 1T uoI3a snoaueruod ® 111591101 SBIOEIISSET pRjoshy “PRIYPS wintopfisuap uinipida ueyd
1oL panwry pawwry | peuoiday S q [ tsseig - PergS wiogfisusp wnipd] | D | ey
JOEINES)
2dueId|O], paywry pary [euoiSay snoaueruodg beade onenbe JeaoeIy v_u;ub_mu [Opue] afiuorng vuua] 1o | ued
snoau Apsaoren| .

DueId|0], parwry paiwry Teuoidoy emodspaseapy 1 [emson? | oedepue[dn[ I " w1524 suvpsnf 15 | ued
20UBIIO], panwry paiwry Teuordoy snosueruodg ® [EIMsa11) | SeddRUTWIES[EG mRmjore DA wopfiaird susypduy 1o | wed
Tauy Tuy ! ! ! AU : ?

Lstjou
20ueId|O], pawry pawry TeuoiSay snosueruodg e [EMISA1I | SeDEYPUEIEWY — 1A [ autiofivras wingpodouaqry | o) | uerd
2DUEIO 2alieeLg T EUOIS; snoau 19 TSI JBDEO, %u.m:?ﬂmﬂ 1 win. nl wnapio, erd
UL paaury pawwry [euolsay “eruods paseay [ELISa1IN d usugaf T wngpqnt wnapLop TO | uE]
dueId|O], parwry pawry [euoiSay snoauriuodg od [EMIsa1I) SeDRIUELION) | AYSTIqES 3503y ] WIS WnIUPIIL) 1o | ued
; Asijooruz010d PSS O
OUE[O], pawry pavwr] Teuoidoy snosueruodg ad q [e1182139) SBIOEIISSEIG Susopay | (a10q) nofisanssvu wnssonsy 1o | wed
Lpres s g
DUF—N\—UMOH\ ﬂUu:EM\H ﬁuu—EﬂH —Nzomwum mﬂOUENuEOQW h— 13 ﬂwm‘—uwu\:Uu BIDEIISSEIG vﬁﬁ.\wvv:v@m 0 d—u:ﬂ\x/v :&&.NN\\QM wnsvonig ™ uF—N—&
Areuanga
0UBIO], parwry paiwry Teuoidoy snoaurauodg ode [e1IS211) QBIORINSY ‘ cEE) PIA X YNIN sms050us uosadrag | 19 | ued
2uagey) (pued
LM 32 PleuIag) Anexd snnuupy
20UBIIO], paywry panwry [euoiSay snoauriuodg N“NM\MMM@WM ® [e1IS211) 2BIORINSY yupor uemy | dsqus oy () s uossSug 15 | ued
w0y Jous
£3arens wedury wudur peards yusrmo dnoi3 uoxey| jJuow (ureu SynuaIs) ‘Soyeo| dnoad
omoSe (or 03-01008)| T uonnqIsiq 6500 30N A101510 > oA Aprurey sureu yoaz)) so1od . oxe
JUIWISLUBIAI wewmpy -uonaug JO PO JAIOISTY o1 -uoIAUY 102dg ISIT | woxe],




Jan Pergl et al. /| NeoBiota 28: 1-37 (2016)

34

S681

90UBIO], parwry parwry eo0] snosueiuodg orerqauoaur | onenbe sepriydorory “steg unusdyasns wniqdosoonaqs) 15 | rewrue
DURId|O], panwry paywry Teuordoy snoaueruodg orerqauoaur | onenbe | oeprilioepoidny | asiyoiqez | ¢961 “Sury ovuossosds smlaovpoiny | o) | rewrue
DURIDO], pawry pavwry Teuoidoy snosueiuodg oreigaaaur | openbe | oeprifoepoifny | asiyoiqez | 961 Sur suwugngs smGovposny | 10y | rewiue
$L61
20ouEI[0], parwry panwry Teuordoy snoaueruodg orerqauoaur | onenbe | seprfioepoidny | asiyoiqez sy ssupniogy smfGonpoutiy 19 | ewrue
2oueId[O], pawry pawwry [euoiSay snoaueruodg areiqauaaur | onenbe | seprfepoifny | ISYOIqez | H9GT ‘BAOreI(] 2unidlO smpGovpoiny | Ty | [ewrue
2oueId[O], panwry panwry TeuorSay snoaueiuodg 91BIGRMIAAUT | [BLNISILIN SEPIODSE] MHHMM (S/£81 “1sseq) vudvu saprojorsny | T | [ewirue
: (1681 “010D)
2oueId[O], pawry pawwry [euoiSay snoaueruodg areIqaYaAUT | onenbe aseprozofdi(y SI[YOIqEZ wenomsodin uoosoydipny T |[ewrue
€G81 ‘sprem
90UBIO], parwry parwry [eo0] snosueiuodg orerqauoaur | onenbe SeprunIeA U qeny| L 19 | rewrue
SS61 4
2oueIdO], panwry panwry TeuorSay snoaueiuodg oreigaaaur | onenbe | oepudSolioeq | asiyoiqez ey inaaigon sniSopiony 15 | rewrue
€781 “MNOYISYPST
3: ds b
2oueId[O], panwry panwry [euoiSay snoaueruodg areIqadAUT | dnenbe seppEISY TuuAYeq Yer smpGovposday snovisy 1D |[ewiue
20UBIO], parwry parwry Teuoidoy snosueiuodg 91BIQPLISAUT | [EITISILIA .:MMMMMW:P BYAOSE[A €C61 ZINYOS 1udpis smigriomysy | 15 | ewrue
20UBI]O Zhi o1rTT 0139, SNOAULIUO s snenbe Seprnye) 181 “INONSIT) s150pnGaU SMANIIU] e
1oL pouury pauwry | euoiday dg sy b epHn[EIo] ypaoums (618 T) Snsojq. ¥ 1D |
snoau Anounrs K
DueId|O], parury paywry [euoiSay eodspaseapy od srenbe ou seoeydAT souiqoso ypado| szuuvuxyy vydiy 15 | ued
2dueId|O], paywry pawry [euoiSay snoaueruodg e [emsanm | seadeydohrery | £pajq sourerd| -doryy (aown(y) wpyypd vvyars | 1o | wued
20ueId[O], panwry pawry [euoiSay snosueiuodg e [eLIsa1I) aeadRUE[0g Aveupa sy adQ suardpap wnuvjog 19 | wued
20ueId[O], pawry panwry [euoiSay snosueruodg e [BINSIIIAY | QBAEDISSEIE MMWMMM ] #2520 winquudsis 15 | ued
20UBIO], panwry panwry TeuorSoy snosueruodg ® [BIISA1IA 2e0EINSY Jure( 3pIRIS | INS] 30 ISP[RAN YPidaa owouas | Ty | ued
snoau Ayspueds i
20UBIIO], panwry paiwry Teuoidoy -wodspaseapy od [E1ISA1I) | SBADR[NSSEID) JUpOEzOs ] wnoupdsiy wnpss 1o | wed
20ueId[O], panwry pawwry [euoiSay snoaurauodg od [eLIso1I) Se0RIUIE| £oj0sha syesis ] DuaIsSIY VLY)INnIS 1o | e
snoau
2dULIO], panwry panwry [euoiSay eods pasepy be od snenbe SedeIRWSIY  [BIsTjons expred]s “PIAN Zj0firy) viwiidng 19 | wued
fujoz 3P
OUBIO], parwry panwry Teuoidoy snoaurauodg od [eIso1d | 9eadeUOSA[0] owfon 0| (resuecy) saongmSusnss xovurmy 1o | wed
ASEPIOY TeD] N (UsPIN
DURIdO], pawry pavwr] Teuoidoy snosueruodg od [emsond | aeaoeuodA[og ouws oussps | 0 ep) #omistiod ruzarigny 1o | wed
£3arens uuu.._EM_ 05 woudur onnams peards yusrmo 0 dnoi3 uoxey| juow % P (ureu synuaKs) ‘Soyeo| dnoad
JuowaSeuepy 23-005)| vonnqmsia 0 3POJA ON 30381y OJI]| -UONIAW, el i ) sapadg ISIT | uoXE
wewnyy oAy joop T PT £ 1 L




35

Black, Grey and Watch Lists of alien species in the Czech Republic...

(8SZ1T snaeu

2dUEI|O], panwry porwry [e20] snosuriuodg [PWwEW | [eLIsaLI) sepiaog fojs10Y Syzurey -ur]) eudvordng vudvordmy 9 |[ewrue
(6261
dueId|0], paywry paywry [euorSay snoaueruodg oyeiqauaur | onenbe  |oeprreydecorfouy|  sfyoiqez Y Y —— 15 |rewiue
2OULIO], ponwry panwry [euoISay snoaueiuodg areaqauaaur | onenbe  [sepipeydacorfbouy|  syorqez (@61 uooidg 19 | [ewrue
- s ) | ) i 7R wR) amgpmup snulSopGonpopnasy )
(0081
2oueIdO], panwry porwry [euoiSay snoaueiuodg areIqauRAUL | [ernsona) | sepireydacoanorg|  aoruwasen L T pm—— 9 |[ewrue
£3arens wedury wudur peards yusrmo dnoi3 uoxey| jJuow (ureu SynuaIs) ‘Soyeo| dnoad
uswaeuepy 23-0005)| | vonnqisa 0 SpOIA N JA303STY 3J1]| -uUONAUY Apureg SUIPH IO sapadg ISIT | uoxe
y uewnpy -UoJIAUY ¥ At ) : : L




36

Jan Pergl et al. /| NeoBiota 28: 1-37 (2016)

Table A2. Watch list (WL) of plant and animal species. For plants life history is shown: a — annual, b —

biennial, pe — perennial, s — shrub, t — tree, aq — aquatic.

Taxon  List Species Czech name Family Environ-  Life history/
group category (scientific name) ment taxon group
plant WL Aesculus hippocastanum L. jirovec madal ("kofisky kastan”)  Sapindaceae terrestrial t
plant WL Agrostis scabra Willd. psinecek Fidkokvéty Poaceae terrestrial pe
plant WL Amaranthus crispus (Lesp. & laskavec kadefavy Amaranthaceae  terrestrial a
Thévenau) N. Terracc.
plant WL Amaranthus deflexus L. laskavec sklonény Amaranthaceae  terrestrial pe
plant WL Azolla filiculoides Lamk. azola americkd Salviniaceae aquatic afaq
plant WL Cardamine chelidonia L. fefi$nice vlastovi¢nikovitd Brassicaceae terrestrial ape
plant WL Cotoneaster sp. skalnik Rosaceae terrestrial s
plant WL Elodea canadensis Michx vodni mor kanadsky Hydrochari- aquatic afaq
taceae
plant WL Elodea nutalii Planchon vodn{ mor americky Hydrochari- aquatic afaq
taceae
plant WL Eragrostis pilosa (L.) P. Beauv. mili¢ka chlupatd Poaceae terrestrial a
plant WL Glyceria striata zblochan Zihany Poaceae terrestrial pe
(Lam.) Hitchc.
plant WL Heraclewm persicum Fisch. bolsevnik persky Apiaceae terrestrial b pe
plant WL Heracleum sosnowskyi bolsevnik Sosnovského Apiaceae terrestrial b pe
Manden.
plant WL Lathyrus aphaca L. hrachor pacockovy Fabaceae terrestrial a
plant WL Lathyrus hirsutus L. hrachor chlupaty Fabaceae terrestrial a
plant WL Ludwigia x kentiana zakucelka Onagraceae terrestrial peaq
E.J. Clement (aquatic)
plant WL Ludhwigia grandiflora (M. zakucelka velkokvétd Onagraceace terrestrial pe aq
Micheli) Greuter & Burdet (aquatic)
plant WL Oenothera depressa Greene pupalka vrbolistd Onagraceae terrestrial b
plant WL Oenothera fallax Renner pupalka klamnd Onagraceace terrestrial b
plant WL Oenothera issleri Renner ex pupalka Isslerova Onagraceae terrestrial b
Rostariski
plant WL Panicum miliaceum subsp. proso seté rumistn{ Poaceae terrestrial a
ruderale (Kitag.) Tzvelev
plant WL Paulownia tomentosa pavlovnie plstnatd Paulowniaceae  terrestrial t
(Thunb.) Steud
plant WL Rudbeckia hirta L. tfapatka srstnatd Asteraceae terrestrial pe
plant WL Sisymbrium volgense hulevnik povolzsky Brassicaceae terrestrial pe
E. Fourn.
plant WL Spiraea sp. tavolnik Rosaceae terrestrial s
(excluding native species)
animal WL Anoplophora glabripennis kozlicek Cerambycidae  terrestrial ~ invertebrate
(Motschulsky, 1853)
animal WL Babka gymnotrachelus hlava¢ holokrky Gobiidae aquatic fish
Kessler, 1857
animal WL Bison bison (Linnaeus, 1758) bizon americky Bovidae terrestrial mammal
animal WL Capra aegagrus koza bezodrovd Bovidae terrestrial mammal
Erxleben, 1777
animal WL Corbicula fluminalis korbikula brakickd Cyrenidae aquatic invertebrate
(O. E Miiller, 1774)
animal WL Dreissena bugensis sldvicka Dreissenidace aquatic invertebrate
Andrusov, 1897
animal WL Gammarus tigrinus blesivec Gammaridae aquatic invertebrate
Sexton, 1939
animal WL Ictiobus cyprinellus kaprovec velkotsty Catostomidae aquatic fish

(Vallensciennes, 1844)
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Taxon  List Species Czech name Family Environ-  Life history/
group category (scientific name) ment taxon group
animal WL Lasius neglectus mravenec Formicidae terrestrial  invertebrate
Van Loon, Boomsma &
Andrisfalvy, 1990
animal WL Lepomis auritus slune¢nice uatd Centrarchidae aquatic fish
(Linnaeus, 1758)
animal WL Lepomis cyanellus slune¢nice zelend Centrarchidae aquatic fish
(Rafinesque, 1819)
animal WL Misgurnus anguillicaudatus piskof ddlnovychodni Cobitidae aquatic fish
Cantor, 1842
animal WL Neogobius fluviatilis hlava¢ fieni Gobiidae aquatic fish
(Pallas, 1814)
animal WL Orconectes immunis rak Cambaridae aquatic invertebrate
(Hagen, 1870)
animal WL Orconectes juvenilis rak Cambaridae aquatic invertebrate
(Hagen, 1870)
animal WL Orconectes virilis rak Cambaridae aquatic invertebrate
(Hagen, 1870)
animal WL Perccottus glenii hlavackovec Glentv Odontobutidae aquatic fish
Dybowski, 1877
animal WL Ponticola kessleri hlava¢ Kesslertv Gobiidae aquatic fish
(Giinther, 1861)
animal WL Procambarus acutus Girard, rak Cambaridae aquatic invertebrate
1852 / zonangulus Hobbs, Jr.
& Hobbs I1I, 1990
animal WL Procambarus alleni rak floridsky Cambaridae aquatic invertebrate
Faxon, 1884
animal WL Procambarus clarkii rak ¢erveny Cambaridae aquatic invertebrate
Girard, 1852
animal WL Procambarus fallax rak mramorovany Cambaridae aquatic invertebrate
(Hagen, 1870) f. virginalis
animal WL Psittacula krameri alexandr maly Dsittacidae terrestrial bird
Scopoli, 1769
animal WL Salvelinus alpinus siven severn{ Salmonidae aquatic fish
(Linnaeus, 1758)
animal WL Sciurus carolinensis veverka popelavd Sciuridae terrestrial mammal
Gmelin, 1788
animal WL Thymallus baicalensis lipan bajkalsky Salmonidae aquatic fish
(Dybowski, 1874)
animal WL Umbra pygmaea blatiidk mensi Umbridae aquatic fish

DeKay, 1842
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Abstract

Ambrosia artemisiifolia is an invasive annual herb infamous for the high allergenicity of its pollen, which
is related to increasing medical costs. Additionally, it can cause serious yield losses as agricultural weed.
Common ragweed seeds accumulate in the soil and can remain therein viable for decades, which poses
a problem for the sustainable management of these populations. A long term management should thus
target a reduction of the soil seed bank. We observed the influence of four different mowing regimes on
the ragweed soil seed bank at six roadside populations in eastern Austria. The mowing regimes were based
on methods from common roadside management practice and specifically adapted to reduce seed produc-
tion. After three years of application, the soil seed bank was indeed reduced by 45 to 80 percent through
three of the four mowing regimes tested. Therefore, we suggest that the best mowing regime for the most
effective reduction of the size of the soil seed bank is the one consisting of one cut just after the beginning
of female flowering (around the 3* week of August in Eastern Central Europe), followed by a second cut
2-3 weeks later.

Keywords
Common ragweed, invasive plant, management, mowing, roadside vegetation, seed bank, neophyte

Introduction

Invasive alien species (IAS) are evident threats to local and regional biodiversity
(McGeoch et al. 2010, Vild et al. 2010, SBSTTA 2014). Additionally, many IAS have
severe economic impact (Jeschke et al. 2014) either as weeds that reduce agricultural

Copyright Ivana Milakovic, Gerhard Karrer. This is an open access article distributed under the terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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yield (Oerke 2006) or by endangering human health (Reinhardt 2003, Salo etal. 2011).
Control and eradication of IAS is of increasing importance for diversity conservation
and environmental health (Pysek et al. 2007, Shine et al. 2009, Smith et al. 2013).

Common ragweed (Ambrosia artemisiifolia) is an annual IAS, growing on disturbed
sites like roadsides, fields, riversides and gardens. It is feared for the allergenic prop-
erties of its pollen, as well as a weed in agriculture, in both instances related to high
financial costs (Coble et al. 1981, Buttenschon et al. 2009, Rosenbaum et al. 2011,
Smith et al. 2013). A. artemisiifolia is native to North-America and currently spread-
ing through Europe and Asia (Kazinczi et al. 2008). In Europe, preferred habitats are
summer crop fields in summer warm climates, but also ruderal places and roadsides.

The plant reproduces exclusively by seeds. One individual can produce up to 62000
seeds in North-America (Dickerson and Sweet 1971) or up to 18000 in Europe (Fu-
manal 2007). Ragweed seeds can enter primary dormancy and germinate next spring,
or enter secondary dormancy after failure to germinate in spring (Bazzaz 1970, Baskin
and Baskin 1980) and remain dormant in the soil seed bank for up to 39 years (Toole
and Brown 1946). Ragweed dormancy is broken by stratification (Bazzaz 1970).

The persistent soil seed bank of A. artemisiifolia compromises the efficacy of any
kind of control measure. Even if a control option succeeds in killing green plants
aboveground, some part of the population remains dormant in the soil awaiting more
favorable conditions to germinate. Another disadvantage of a persistent soil seed bank
is that it acts as a source of further spreading of the weed in soil containments (Naw-
rath and Alberternst 2013, Karrer 2014). Soil is relocated from many habitats where
the plant is growing, such as construction sites or roadsides to other sites. Therefore,
aim of any sustainable long-term control of common ragweed should be a reduction of
the soil seed bank in established populations.

Milakovic et al. (2014a and 2014b) and Bohren et al. (2008) found that seed pro-
duction per plant could be influenced by carefully timed mowing. This study’s goal is
to test the effect of different cutting regimes applied for three years (Milakovic et al.
2014a) on the quantity and quality of the ragweed soil seed bank.

Regrowth of ragweed after mowing is well-documented (Barbour and Meade 1981,
Bohren et al. 2005, Bohren et al. 2008, Meiss et al. 2008, Karrer et al. 2011, Patracchini
etal. 2011, Simard and Benoit 2011, Tokarska-Guzik et al. 2011) and varies with season
(Milakovic et al. 2014b). Timing and frequency of cutting has specific influences on the
seed production of ragweed (Simard and Benoit 2011, Milakovic et al. 2014a). Higher
ranked resprouts after cuts tend to produce only female flowers (Karrer et al. 2011) and,
in consequence, preferably seeds that are incorporated into the soil seed bank.

Soil seed bank of plants varies by year and season. On undisturbed soil, the annual
seed production of ragweed germinates to high percentages in early next spring (Dick-
erson 1968, Bassett and Crompton 1975, Fumanal et al. 2008, Kazinczi et al. 2008,
Leitsch-Vitalos and Karrer unpubl.). Soil tillage incorporates new seeds into deeper
layers of the soil (Buhler et al. 1997) and promotes long time persistency of ragweed
seeds (Toole and Brown 1946).
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The effects of different tillage systems were analyzed with respect to the composi-
tion of the soil seed bank of arable fields (Clements et al. 1996, Buhler et al. 1997,
Cardina et al. 2000, Clay et al. 2006). Up to now, no study has considered the soil
seed bank of ragweed for measuring the success of control options, even though the
seeds in the soil make up a great portion of the population in annual weeds with a
persistent soil seed bank. In this study, we used the soil seed bank of ragweed popula-
tions as long-term efficacy measure of non-chemical control options. We varied the
mowing regime of ragweed roadside populations in Austria with respect to timing and
frequency (Milakovic et al. 2014a) and analyzed the soil seed bank of ragweed at the
beginning and at the end of the experiment.

Methods

We sampled the soil seed bank of six roadside populations in Eastern Austria before
and after three years of application of management practices. Austrian arterial road
verges are cut at least two times a year; a first cut in spring and a second cut between
July and October. This resulted in a significant spread of common ragweed along arte-
rial roads since 2000 (Karrer et al. 2011, Essl et al. 2009).

The cutting experiment was set up in 2009 in the heavily infested parts of Austria
(Lower Austria, Styria and Burgenland) (Table 1). All populations have been natural-
ized for about one or two decades before the experiment.

Experimental design:

On each site, five experimental plots were installed on continuous spontaneous popu-
lations of A. artemisiifolia with coverages ranging from 5 to 25%. The plots were ar-
ranged along a line of 100 m, adjacent and parallel to the asphaltic surface of highways
or arterial roads. Each plot sized 20 x 0.5 m and received one of the following treat-
ments (mowing regimes), as defined in Milakovic et al. (2014a):

Treatment 1: not mown (control),

Treatment 2: first cut before the start of flowering (the last week of June), and second
cut at the beginning of seed set (second week of September). Treatment 2 resem-
bles the common roadside cutting regime in eastern Austria.

Treatment 3: first cut after the beginning of female mass flowering (third week of
August), and second cut at the beginning of seed set (second week of September),

Treatment 4: first cut before the start of flowering (last week of June), second cut
before the onset of male mass flowering (last week of July), and third cut at the
beginning of seed set (second week of September),

Treatment 5: first cut before the start of flowering (last week of June), second cut after
the beginning of female mass flowering (third week of August) and third cut at the
beginning of seed set (second week of September).
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Table 1. Location (coordinate system WGS84) and habitat characteristics (road type, road orientation,
initial ragweed coverage (%)) of the experimental sites along arterial roads in Austria.

Site ID | Longitude (E) | Latitude (N) | Altitude (m) | Road type .Road. Initial ragweed
orientation coverage
3 15°57'21.21" | 46°42'59.81" 212 National NW-SW 15
4 16°3'9.65" | 47°1633.61" | 381 Highway | SW-NE 5
5 16°50'41.91" | 48°26'46.51" 170 National N-§ 14
6 16°5'31.96" | 47°42'17.61" 379 Highway SW-NE 25
7 15°40'4.61" | 48°10'54.87" 296 Highway SW-NE 17
8 16°36'18.83" | 48°18'40.06" 162 National W-E 5
Soil seed bank sampling

All sites have been sampled for soil seed bank before the start of the mowing experi-
ment in spring 2009 and after three years of the experiment in spring 2012. The sam-
pling was always performed just before or at the very start of the germination period
in the field. First sampling was done in March 2009 preceding the different treatment
of the plots: 20 soil cores (depth 7cm, 285cm?, equally distributed over 100m of the
experiment plot) were taken at each site. After three years of applying the various treat-
ments, in March 2012, 19 soil cores were taken per plot on each site.

The soil cores were analyzed for ragweed seed content using a wet sieving ma-
chine (Retsch). We counted all intact seeds and put them into wetted Petri dishes.
In order to detect the proportion of viable seeds, first germination was induced
by putting them into climate chambers at the following conditions: daylight for 8
hours at 30 °C and darkness for 16 hours at 15 °C. We stopped the germination
trial after 4 weeks, left the dishes for drying out and stored them for 4 weeks at
+4 °C in darkness, in order to overcome secondary dormancy by additional stratifi-
cation. Afterwards, a second germination period was started at the same conditions
like in the first session.

All seeds that did not germinate within the second germination session were tested
for vitality by a standard staining (TTC-test with 1 % solution of 2,3,5 triphenyl tetra-
zolium chloride in pure water). For that, Ambrosia-achenes were first imbibed in tap
water at room temperature for 24 hours. The achenes were then cut open with a scalpel
to expose the embryo. The bigger part of the achene was used for testing, the other part
was discarded. Achene halves were put into petri dishes, covered with TTC solution
and left at 30 °C for 6 hours in absolute darkness. Finally seeds were evaluated under
a dissecting microscope. All fully stained seeds were classified vital.

The soil seed bank samples in 2009 were taken from the whole sites that where
covered consistently with A. artemisiifolia, and can therefore be used as baseline data
for comparison to the soil seed bank counting at the differently treated plots three
years later. That way, it is possible to observe the effect of the tested mowing regimes
on the soil seed bank after three years of application.
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Data were analyzed by GLM (generalized linear model) using Poisson distribu-
tion procedures and a log link in the package Statistica 10 (StatSoft 2011). Treatment
was included in the model as independent categorical factor and seed number per m?
as dependent variable. Pairwise differences between treatments were judged at 95%
confidence intervals. We compared the overall most effective treatment with the initial
seed bank of the populations of each site by Kruskal-Wallis Tests.

Results

Soil seed bank at different sites

In 2009, soil seed bank varied from 123 to 823 (522 in average) seeds per m? at all sites
(Table 2), with germination rates varying from 53 to 100% (mean 80%). In 2012, soil
seed bank at different sites varied from 0 to 1061 seeds per m?. The germination rates were
generally very high (mean 91%). From the 2012 samples, no seeds germinated during the
second germination test, and no living seeds could be detected by the subsequent TTC test.

Soil seed bank in different treatments

After 3 years of applying different mowing regimes, significant differences in the soil
seed bank under different treatments were found (Wald y* (5) = 188795; p < 0,01).
The soil seed bank of treatment 1 (control, unmown) was three times higher than the
soil seed bank of the population before the experiment (Figure 1). The soil seed bank
of treatment 2 did not differ significantly from the soil seed bank of the population in
2009 (Figure 1). The soil seed bank of the treatments 3, 4 and 5 decreased by ca. 80%,
60% and 45%, respectively, compared to the magnitude order before the experiment
(Figure 1). Efficacy of treatment 3 is obviously highest in controlling the ragweed
populations sustainably. The soil seed bank decreased on all sites on the plots of treat-
ment 3 (Figure 2), at most sites significantly (Table 3).

Table 2. Number of Ambrosia artemisiifolia seeds per m* (means and standard deviation (SD) calculated
from 20 soil cores) in spring 2009 and in spring 2012 (calculated from 95 cores) at six experimental sites.

Site ID Mean number of SD Germination | Mean number of SD Germination

seeds/m?in 2009 rate (%) seeds/m? in 2012 rate (%)
3 467 652 66 1002 2069 98
4 467 699 53 394 1045 76
5 823 866 100 369 1102 98
6 541 702 77 1061 1181 98
7 123 246 90 205 565 86
8 713 836 95 0 - -
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Figure 2. Mean numbers (and SE) of A. artemisiifolia seeds per m? (depth 7cm) in the plots of treatment
3 at six different sites in 2012 compared to the soil seed bank before the experiment in 2009
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Table 3. Kruskal-Wallis test for the differences between the soil seed bank (seeds per m?) in plots of
treatment 3 in 2012 and the soil seed bank of the respective populations in 2009, differentiated by sites.

Site ID H p
3 5.72 <0.05
4 6.65 <0.01
5 7.54 <0.01
6 3.04 0.08
7 3.74 0.53
8 14.7 <0.001

Discussion

The number of ragweed seeds per m* found in populations along Austrian roadsides
before the start of treatments in 2009 indicate that those are all well-established popu-
lations that cannot be controlled by a one time management action. The aboveground
assimilating part of the A. artemisiifolia population varied between the sites at the be-
ginning of the experiment (Table 1) but showed similar dynamics to the soil seed bank
towards the end of the experiment. Compared to the soil seed bank of other ruderal
habitats (waste lands and set-asides) our roadside populations showed relative low seed
densities. Fumanal et al. (2008) describe seed densities ranging from 510-3324 seeds
per m? in the upper 5 cm of soil. This indicates that the Austrian roadside populations
are relatively young but ‘active’ populations. Corresponding to the high population
turnover rates, most seeds accumulate in the uppermost soil layer and germinate at
high rates to produce many new seeds every generation. The fraction of old seeds
from former population establishment phases that might have lower germination rates,
seems to be relatively low as the overall germination rates of the seeds in the soil is
considerably high (Table 2).

The seed bank densities of ragweed along Austrian highways are generally lower
than in European arable fields (Vitalos and Karrer 2008). Habitat types that have been
infested by ragweed for decades, like abandoned fields in N-America, have a load of
0-200 ragweed seeds per m? even when sampling only the persistent soil seed bank
in summer (Rothrock et al. 1993). Bigwood and Inouye (1988) found on average 36
ragweed seeds per m? in the upper soil (0-8 cm) and 57.6 seeds per m* at a depth of
8-16 cm in an old field in Maryland (US). Raynal and Bazzaz (1973) counted means
of 64 ragweed seeds per m? in maize fields on former forest soil and 4.8 seeds per m?
on former prairie soil, when analyzing the upper soil (0-5 cm) in early spring; autumn
samples did not contain ragweed seeds. Considering that the Austrian ragweed seed
populations along highways are concentrated at the upper horizons of the road shoul-
der soil, they can be classified as very active and contribute to an increasing infestation.

Because most management options act on the green parts of the plant, they are not
sustainable. The most desired aspect of ragweed control is the successful elimination of
persistent seeds from the soil. The results of this long term experiment show, that the
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soil seed bank can be diminished vigorously by a sophisticated mowing management.
The mowing regime should consist of a first cut in August, just at the first appearance
of female flowers, and a second cut in early September, just before fertility of the fe-
male flowers on the regrowth from the base (Milakovic et al. 2014a). According to our
results, we suggest to rate this mowing regime as the most sustainable and environmen-
tally friendly control option, because it progressively leads to indirect depletion of the
soil seed bank. This way the ragweed populations decline and can be managed easier.
Hence the biologically most effective control measure of pulling out the remaining few
plants by hand (Bohren et al. 2008) might become economically feasible.

We advise analyzing the soil seed bank of ragweed before installing a field experi-
ment or defining a management regime for ragweed control, as well as after the activ-
ity. Thus sustainability can be proven. The knowledge about the status of soil seed
bank is particularly important for ragweed populations growing on roadsides, as the
upper soil is prone to transportation elsewhere, which contributes to further dispersal
of ragweed seeds and creates new populations.
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Abstract

Trichopsis vittata (Cuvier, 1831) is a small, freshwater gourami (Fam: Osphronemidae) native to southeast
Asia. It was first detected in Florida in the 1970s and seems to have persisted for decades in a small area.
In this study, we documented 7. vittata’s ecophysiological tolerances (salinity and low-temperature) and
qualitatively compared them to published values for other sympatric non-native species that have success-
fully invaded much of the Florida peninsula. Trichopsis vittata survived acute salinity shifts to 16 psu and
was able to survive up to 20 psu when salinity was raised more slowly (5 psu per week). In a cold-tolerance
experiment, temperature was lowered from 24 °C at 1 °C hr! until fish died. Mean temperature at death
(i.e., lower lethal limit) was 7.2 °C. Trichopsis vittata seems as tolerant or more tolerant than many other
sympatric non-native fishes for the variables we examined. However, T vittata is the only species that has
not dispersed since its introduction. Species other than 7. vittata have broadly invaded ranges, many of
which include the entire lower third of the Florida peninsula. It is possible that tolerance to environmental
parameters serves as a filter for establishment, wherein candidate species must possess the ability to survive
abiotic extremes as a first step. However, a species’ ability to expand its geographic range may ultimately
rely on a secondary set of criteria including biotic interactions and life-history variables.

Keywords

Trichopsis, ecophysiology, low-temperature tolerance, salinity tolerance, invasiveness

Copyright Pamela J. Schofield, Jessica M. Schulte. This is an open access article distributed under the terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.



52 Pamela ]. Schofield & Jessica M. Schulte / NeoBiota 28: 51-65 (2016)

Introduction

Destructive (sometimes catastrophic) ecological impacts have been attributed to the
introduction and establishment of non-native fishes across the globe (Canonico et al.
2005; Pelicice and Agostinho 2009; Vitule et al. 2009). However, the severity of nega-
tive consequences of non-native fish invasions varies greatly amongst taxa. Variation
in the ability of species to establish and spread (i.e., ‘invasiveness’ sensu Rejmanek et
al. 2002) has provided clues to underlying ecological attributes correlated with in-
vasiveness (Garcia-Berthou 2007). Understanding the characteristics associated with
invasiveness is especially important in predicting potential establishment and spread of
newly introduced species or those considered a threat for introduction. Most studies
aimed at discriminating ecological features of invasive species quantify, collate and re-
port life-history, ecophysiological, and other data for species that have become invasive
(Kolar and Lodge 2002; Garcia-Berthou 2007). Less abundant are data on species that
were introduced and died out over time, or those that were introduced and established
but did not become invasive. Data on those non-invasive species can be difficult to
obtain when species were not intentionally introduced (e.g., via stocking). Population
dynamics of fishes that were not introduced intentionally (e.g., aquaculture escapes)
may not be closely monitored. Nonetheless, the fate of these populations is important
as they may provide clues to allow researchers to be able to identify characteristics
unique to invasive fishes from those shared between invasive and non-invasive species.

In Florida, there are dozens of non-native fish species that have established and
spread widely within the state, especially in the southern half of the peninsula. However,
a few species have established but remain localised (Shafland et al. 2008; USGS-
NAS 2014). Croaking gourami 77ichopsis vittata (Cuvier, 1831) was first collected
in 1978 and was considered extirpated in the 1990s; however, a localised population
was rediscovered in 2013 (Schofield and Pecora 2013; Fig. 1). The species may have
persisted in a relatively small area for several decades where it escaped detection. Failure
of a species to spread widely after establishment may be due to many factors, such as
ecophysiological intolerance or biotic interactions with predators and/or competitors.
Little is known regarding the ecophysiology of 7. vittata, other than the fact that it is
an air-breather, making it capable of living in anoxic waters. Other ecophysiological
attributes (e.g., tolerance to salinity, extreme temperature) were unknown before this
report. Herein, we investigate two ecophysiological parameters for 7. vittata thought
to be conducive to invasiveness in Florida (cold- and salinity-tolerance). We compare
those (along with hypoxia-tolerance) to published reports for other non-native fishes
with much larger geographic ranges within the State. We ask: Can 7. vistata’s small
geographic range be explained by its relative lack of ecophysiological ‘toughness’
(i.e., ability to withstand environmental extremes)? In other words, are fishes more
tolerant to cold temperatures, low oxygen and salinity predicted to have larger invasive
geographic ranges? We hypothesised that 7. vittata’s small non-native range could be
related to a lack of tolerance of ecophysiological variables, and expected it to be less
tolerant to environmental variables than sympatric non-native fishes with large ranges.
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Methods

Specimens of 7. vittata were collected with dip nets in March and April 2014, from Loxa-
hatchee National Wildlife Refuge, Florida, USA. Fish were transported to the USGS
laboratory in Gainesville, Florida within 48 hours of capture. Upon arrival, fish were
treated with Pond Rid-Ich® Plus™ (Kordon LLC, Hayward, CA, USA) and erythromycin
antibiotic. In the laboratory, fish were held indoors in 380 L fiberglass tanks with aerated
well water (0.2 psu, hereafter termed “0” psu, 21-25 °C) and were fed daily with com-
mercial flake food. Individuals were held in these conditions for about one month before
experiments began. Before each experiment, fish were measured (+ 0.1 cm total length
[TL]), weighed (+ 0.1 g) and placed into individual plastic bins (17 x 14 x 11 c¢m) filled
with 8 cm of well water. Bins were equipped with small plastic plants, lids to prevent
escape and were blinded on three sides to prevent fish from seeing each other. Because
gourami are obligate air breathers, no air was provided except for the low-temperature
tolerance experiment, where an airstone was placed in each bin to aid in mixing of the
water for even temperature distribution throughout the bin. For both salinity experi-
ments, fish were kept in individual bins inside a temperature-controlled room set at 26 C
for the duration of the experiments. Salt water was pre-mixed to various salinities using
well water and aquarium salt (Crystal Sea” Marinemix, Marine Enterprises International,
Baltimore, MD, USA) before water changes using YSI Professional Plus Multiparameter
meter (YSI Inc., Yellow Springs, Ohio, USA; + 0.05 psu). For all experiments, when
death was confirmed, water temperature was measured using a hand-held digital ther-
mometer (EXTECH® waterproof thermometer model #39240, EXTECH Instruments”,
Nashua, NH, USA). Individual fish were used only once in one experiment (low-temper-
ature tolerance, chronic salinity-tolerance or acute salinity-tolerance).

Low temperature tolerance

The low-temperature tolerance experiment was conducted in April 2014 inside an
environmental chamber in which temperature could be controlled by continuously
decreasing the air temperature at a constant (i.e., linear) rate. Two endpoints were
determined: loss of equilibrium and death (i.e., lower lethal limit). Loss of equilibrium
(LOE) was defined as the fish’s inability to right itself after being gently prodded, and
death was defined as the extended lack of movement by the fish after it was gently
prodded while in the water. Twenty-five fish were used and were not fed during the du-
ration of the experiment. Fish were placed in the environmental chamber in individual
bins and left undisturbed for 72 hours at 24 °C to acclimate. The experiment began by
decreasing the air temperature by 1 °C hr' to produce an equivalent decline in water
temperature. Control fish (n = 5) were immediately moved from the environmental
chamber to a stable “warm room” at 24 °C (+ 1 °C) until the end of the testing period,
when all experimental fish (n = 20) had succumbed to death. Each hour, air tempera-
ture in the chamber was manually adjusted to produce a constant decrease of water
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temperature at the rate of 1 °C per hour. Temperature of each bin was measured with
a hand-held digital thermometer every 20 minutes. All fish were checked for LOE and
death every 20 minutes; time and temperature were recorded when LOE and death
were confirmed.

Chronic salinity tolerance

An initial pilot study was conducted on n = 20 individuals to establish a general range
of salinity tolerance and determine what experimental salinity levels would be used for
the experiment. For the chronic salinity tolerance experiment, fish were allocated ran-
domly to one of five treatments (0 [control] = 8 replicates, 20 psu = 11 replicates, 22.5
psu = 12 replicates, 25 psu = 12 replicates, 27.5 psu = 13 replicates). Fish were held ini-
tially for 48 hours in well water after which salinities were gradually increased at a rate
of 2.5 psu every 2-3 days (5 psu per week) until fish reached the predetermined target
salinity. Once the last experimental fish reached its target salinity, all fish remained in
their respective salinities for an additional 30 days or until death. Fish reached their
target salinities in a staggered (time-wise) fashion; however, each time the salinities
were changed in one or more of the treatments, water changes were performed for all of
the fish (including controls) to maintain similarity of handling across treatments. Fish
were fed twice per week with a mixture of flake food and pellets on days before water
changes. Fish were checked 1-2 times per day, seven days per week for death.

Acute salinity tolerance

To determine how 7. vittata responded to acute salinity changes, fish were transferred
directly from well water (0 psu) into various salinity treatments: 0 [control] = 8 repli-
cates, 14, 16, 18, 20 psu = 10 replicates each. Similar to the chronic-salinity tolerance
experiment, values for salinity treatments were derived from a pilot study. After being
transferred to their respective treatments, fish were left in bins for seven days or until
death. Fish were checked for mortalities every hour for the first six hours and then once
per day for the remainder of the experiment.

Analyses

Cold-tolerance of 7. vittata was compared to published values for other previously test-
ed non-native fishes. We statistically compared four species that are sympatric with 77
vittata (e.g., are found in Loxahatchee NWR) and are widely distributed across south
Florida (Cichlasoma bimaculatum [Linnaeus 1758], Cichlasoma urophthalmus [Glinther
18621, Hoplosternum littorale [Hancock 1828), Hemichromis letourneuxi Sauvage 1880;
Fig. 1). These species were tested in our laboratory using the same technique, acclima-
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tion temperature, experimental equipment and rate of temperature decrease used here
for T vittata (Schofield et al. 2010; Schofield and Huge 2011; Schofield unpub. data).
We only compared data for individuals tested in freshwater and acclimated to 24 °C.
Mean temperature at death (lower lethal limit) for these species was compared with
one-way analysis of variance (ANOVA), and Dunnetts T3 post-hoc test was used to
discriminate homogeneous subsets. Levene’s test was used to test for heteroscedasticity.

One-way ANOVA was used to compare fish mass among salinity treatments, and
Levene’s test was used to check for heteroscedasticity. Life expectancy was estimated
with the Kaplan-Meier product-limit estimator (Kaplan and Meier 1958) and the
log-rank test was used to compare survivorship curves (Savage 1956; Cox and Oakes
1984). For the acute-salinity challenge, all treatments began at the same time (time
= 0). However, for the chronic-salinity experiment, fish reached their target salinities
sequentially (i.e., staggered over time). Thus, for the chronic-salinity experiment the
day the fish reached their target salinity was designated as time = 0 for that treatment.
We set our alpha level for statistical significance at 0.05. All data were analysed using
SPSS version 13.0.

Results

Environmental variables measured while collecting 7. vittata on several occasions (in-
cluding fish used in this experiment) are provided in Table 1. Trichopsis vittata used
in the cold-tolerance study averaged 0.73 g (+ 0.67 standard deviation [SD]; range
0.20-3.00 g; n = 25), and 3.7 cm TL (+ 0.99 SD; range 2.5-5.9 cm). Fish lost equilib-
rium at 10.2 °C (+ 0.68 SD; range 8.2-11.2 °C) and died at 7.2 °C (+ 0.68 SD; range
6.4-8.8 °C). Trichopsis vittata was the second-most cold-tolerant species tested (after
H. littorale), and exhibited greater tolerance to low temperatures than all cichlids (one-
way ANOVA F = 49.46, df = 4, P <0.001, Fig. 2).

For the chronic salinity-tolerance experiment, fish mass averaged 0.93 g (+ 0.28
SD; range 0.30-1.5 g; n = 56) and mean TL was 4.2 cm (+ 0.55 SD; range 3.0-5.1
cm; n = 56). Fish mass did not vary significantly by treatment (one-way ANOVA F =
0.11, df = 4, P=0.58). At the end of the experiment, survival was 100% at the control
salinity (0 psu), 63% at 20 psu, 25% at 22.5 psu, and 8% at 25 psu (Fig. 3a). All fish
at 27.5 psu died by the 24" day after reaching their 27.5 psu salinity goal. Because the
majority of the data for the 20 psu treatment was censored (i.e., the majority of fish
in this treatment survived the challenge), it was not possible to compute a survival es-
timate. Mean (95% Confidence Interval [CI]) survival estimates for other treatments
are: 18 days (11-25) at 22.5 psu, 10 days (4-16) at 25 psu, 7 days (3—11) at 27.5 psu.
All treatments were significantly different from the control except 20 psu (although the
P-value was close to significance; log-rank statistic = 3.41; P = 0.065)

The mean mass of fish used in the acute salinity-tolerance experiment was 0.81 g (+
0.31 SD; range 0.30—1.6 g; n = 48) and mean length was 4.1 cm TL (+ 0.54 SD; range
3.0-5.2 cm). Fish mass did not vary significantly by treatment (one-way ANOVA F =
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0.98, df = 4, P = 0.43). After the acute salinity change, 7. vittata at 20 psu exhibited
60% mortality within the first four hours and 100% mortality within the first six
hours (mean survival estimate = 4.5 hrs; 4.1-4.9 hrs 95% CI). The 18 psu treatment
group displayed 70% mortality after 24 hours, with no fish surviving longer than 48
hours (mean survival estimate = 30 hrs; 21.5-38.5 95% CI; Fig. 3b). At salinities of
0 and 14, survival was 100% and at 16 psu, it was 90% at the end of the experiment.
No survival estimates were calculated for these three treatments as survival was so high
(and subsequently most of the data were censored). Survival was equivalent for 0 and
14 psu (100%) and did not differ significantly between 0 and 16 psu (log-rank statistic
= 0.80; 2= 0.37) nor 14 and 16 (log-rank statistic = 1.00; P = 0.32).

Table I. Environmental variables measured while collecting Zrichopsis vittata on several occasions from
Loxahatchee National Wildlife Refuge. Fish for experiments in this report were collected in March and
April 2014. N/A = Not Available.

Collection date Temperature (°C) | Salinity (psu) Dissolved Oxygen (mg L") pH
7 March 2014 20.6 0.07 0.87 N/A
23 April 2014 25.1 0.21 0.74 7.18
24 April 2014 21.8 0.22 0.67 7.12

31 March 2015 21.2 0.17 3.14 7.27
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Discussion

Trichopsis vittata has been known from Florida since the 1970s, when an established pop-
ulation was discovered within 10 km of its current range (Courtenay et al. 1984, 1986;
Schofield and Pecora 2013). Its introduction source is unknown; however, at the time of
discovery it was speculated that it had escaped from nearby aquarium fish farms (Cour-
tenay et al. 1984, 1986). Over time, the species was thought to have been extirpated
(Shafland 1996; Shafland et al. 2008) until its recent rediscovery (Schofield and Pecora
2013). No fish-monitoring programmes cover urban areas in this region of Florida, so
it is unclear how long the fish was established before its recent collection at Loxahatchee
NWR. Furthermore, it is unclear whether the species had died out and was subsequently
re-introduced or whether this is a remnant population. Nevertheless, its ability to persist
in this small range for many decades makes it an interesting candidate for study. The
purpose of this investigation was to document ecophysiological attributes of the species
and qualitatively compare them to sympatric species, to see if perhaps reduced ecophysi-
ological tolerance might be related to the lack of geographic expansion.

In general, our hypothesis (low ecophysiological toughness ~ small geographic
range) was not supported. Ecophysiological traits of 7. vittata and nine sympatric non-
native fishes known from Florida freshwaters were tabulated (Table 2). Sympatric non-
native fishes include ones that have been established since the 1950s (Prerygoplichthys
spp.» Astronotus ocellatus [Agassiz 1831], Cichlasoma bimaculatum), 1960s (Clarias ba-
trachus [Linnaeus 1758], Hemichromis letourneuxi, Oreochromis aureus [Steindachner
1864]), 1970s (Rocio octofasciata [Regan 1903]), 1980s (C. urophthalmus) and 1990s
(H. littorale; see Shafland et al. 2008, Schofield and Loftus 2014 for establishment
timelines; Table 2, Fig. 1). Tolerance of these species to hypoxia and low-temperatures
was graphically compared (Fig. 4). Trichopsis vittata was more tolerant of cold than
many sympatric non-native fishes, leading us to believe it could tolerate habitats north
of its current range; however, it has not expanded its range in any direction. Further-
more, its ability to breathe atmospheric air (via a labyrinth organ) imparts an ability
to live indefinitely in water devoid of oxygen. It should be able to tolerate a variety
of marginal habitats such as shallow pools, vegetation-choked swamps, and habitats
with low light levels as it does at Loxahatchee NWR and in its native range (Rainboth
1996). As for salinity, we documented herein that 7. vitzata was tolerant to acute shifts
in salinity to 16 psu and gradual shifts to 20 psu. This level of tolerance is lower than
published values for most cichlids, but greater than many non-cichlid invasive fishes
(Table 2). Nonetheless, it is a species that is probably tolerant enough to occupy fresh-
water tidal or low-salinity estuarine areas, or use them as salt bridges for dispersal. Yet
it has not moved into coastal areas even though the current population is less than 20
km from the Atlantic coast. In summary, while 7. vitzata seems as tough or tougher
than other sympatric non-native fishes (in terms of ecophysiology; Table 2, Fig. 4),
it has not been able to capitalise on these advantages and expand its geographic range
as the others have. It is possible that tolerances to environmental parameters are not
directly correlated with geographic range for this group of species, but instead serve as
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Figure 4. Graphic representation of relative ecophysiological ‘toughness’ for 7. vittata and sympatric
non-native fishes. References for cold and low-oxygen tolerance are given in Table 2. Two values are
presented for cold tolerance of C. urophthalmus as two separate reports provided dissimilar data (Table 2).
Two values are given for Prerygoplichthys spp. corresponding to two different species (Table 2). “O. aureus”
= Oreochromis aureus; “Prerygo” = Prerygoplichthys spp.; “Hoplo” = Hoplosternum littorale; “ Clarias” = Clarias
batrachus; “ Trichop” = Trichopsis vittata; “Hemi” = Hemichromis letourneuxi; “C. uro” = Cichlasoma uroph-
thalmus; “Astro” = Astronotus ocellatus; “Rocio” = Rocio octofasciata; “C. bimac” = Cichlasoma bimaculatum.

a filter for establishment, wherein candidate species must possess the ability to survive
abiotic extremes as a first step (Peterson et al. 2004). Once fish have passed through
this step, invasiveness (at least in terms of geographic spread) may ultimately rely on a
secondary set of criteria including biotic interactions and life-history variables.

The intriguing combination of high abiotic tolerance and low invasiveness in 7. vit-
tata may support the biotic-abiotic constraining hypothesis (Quist et al. 2003), wherein
abiotic environmental variables structure population levels until overridden by biotic
ones (e.g., predation, competition). For example, Quist et al. (2003) showed that varia-
tion in walleye Stizostedion vitreum (now Sander vitreus [Mitchill, 1818]) populations in
Kansas reservoirs could be explained by environmental variables until a critical thresh-
old for biotic interactions was reached. In that case, once the density of a predator
(Pomoxis annularis Rafinesque, 1818) was exceeded, then biotic interactions overrode
abiotic influences and S. vitreum population dynamics were related to P. annularis den-
sity. Similarly, Weber and Brown (2011) showed that variation in density of native
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fish populations were related to environmental variables until a threshold density of
Cyprinus carpio Linnaeus, 1758 was reached and then biotic interactions overrode abi-
otic ones. As for 7. vittata, future research on its co-occurrence with competitors and
predators may shed light on the relative influences of abiotic versus biotic constraints.

There are many other factors that could explain the lack of geographic range ex-
pansion for 7. vittata. Some of the most obvious candidates include body size, diet and
their interaction. 77ichopsis vittata is smaller than other sympatric non-native fishes
and occupies a relatively low position on the predation spectrum (i.e., primarily con-
sumes small invertebrates; Rainboth 1996). This combination of attributes separates
T vittata from the other non-native fishes that are either: 1) large-bodied species that
consume benthic algae and detritus (e.g., Prerygoplichthys spp., O. aureus) or 2) large-
to medium-sized fish predators (cichlids, C. batrachus). One species that does not fit
this pattern is H. letourneuxi, which consumes both invertebrates and fish and does not
reach a large body size (Table 2), yet is extremely invasive (Kline et al. 2013; Fig. 1).
Protection from bony dermal plates may confer an additional advantage to catfishes
(H. littorale, Prerygoplichthys spp.) and bolster their ability to spread geographically.
Other factors that could affect invasiveness include biotic resistance (e.g., Thompson
et al. 2012), specific requirements for egg/larval development or nesting, multiple in-
troductions (Collins et al. 2002), predation susceptibility (e.g., Rehage et al. 2009)
and propagule pressure (Colautti et al. 2006). Application of modern modelling tech-
niques may allow researchers to identify which variables are most important for an
invader’s success (and spread) and the critical thresholds for those variables (e.g. Kolar
and Lodge 2002).
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Abstract

Little is known about exotic earthworms (Oligochaeta: Lumbricidae) in Alaska outside its southeastern
panhandle. This study documents the distribution of exotic earthworms in the relatively undisturbed
Kenai National Wildlife Refuge (KN'WR), a large, primarily wilderness refuge in southcentral Alaska. We
sampled 69 sites near boat launches, along road corridors, and in low human impact areas > 5 km from the
road, finding three species of earthworms (Dendrobaena octaedra, Dendrodrilus rubidus, and Lumbricus ter-
restris). Most road sites (90%) and boat launches (80%) contained earthworms; half (50%) of low human
impact sites contained earthworms. Distance to roads was the only significant factor in predicting earth-
worm occurrence; soil pH, soil moisture, leaf litter depth, and vegetation cover were not. The disparate
distributions of these three species suggest that within the KN'WR road construction and vehicle traffic
played a role in dispersal of the widespread, abundant Dendrobaena octaedra and uncommon Dendrodrilus
rubidus; bait abandonment appeared to be the primary method of introduction of Lumbricus terrestris.
While the distribution of harmful anecic earthworms in KNWR is currently limited, the prohibition of
Lumbricus spp. as bait within conservation units in Alaska may be warranted.
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Introduction

Pleistocene glaciations extirpated native earthworms from much of North America, leav-
ing landscapes devoid of earthworms until the introduction of exotic earthworms (Oli-
gochaeta; Lumbricidae) during European settlement (Hale et al. 2005, 20006, Frelich et
al. 2006, Holdsworth et al. 2007a, 2007b). The effects of exotic earthworms on forest
ecosystems are well documented (Hale et al. 2005, 2006, Frelich et al. 2006, Holdsworth
etal. 2007a, 2007b) and vary by feeding strategy. Leaf litter-dwelling, small-sized epigeic
species are least destructive, consuming and mixing the top organic layers into textured,
homogeneous litter. Endogeic species burrow through the top soil horizon; their physical
effects on ecosystem ecology are greater than epigeic worms but less than anecic worms.
Anecic earthworms penetrate deep into the soil, transporting surface litter into the min-
eral layer (Addison 2008) and increasing soil porosity and water infiltration (Anderson
1988). Removal of leaf litter and deposition of casts on the soil surface by anecic earth-
worms can also increase soil erosion and nutrient run-off (Edwards and Bohlen 1996).

Material transport by anecic worms, their large adult size, and dense populations
have led to substantial ecosystem changes in some parts of North America (Frelich et
al. 2006). Earthworms can accelerate litter decomposition (Hale et al. 2006, Sudrez
et al. 2006, Holdsworth et al. 20072, 2007b, Addison 2008) and reduce plant species
richness (Hale et al. 2006, Holdsworth et al. 2007a, 2007b). Sudrez et al. (2006) found
that litter remaining in earthworm-invaded areas in New York was 30-60% less than
in reference plots. Holdsworth et al. (2007a) found in a Wisconsin forest that exotic
earthworms reduced plant species richness in heavily invaded plots by 17%. Similarly,
Hale et al. (2006) documented a negative relationship between exotic earthworm di-
versity and plant diversity in a Minnesota hardwood forest.

Most studies of exotic earthworms have occurred in temperate regions (Hale et
al. 2006, Sudrez et al. 2006, Holdsworth et al. 2007a, 2007b, Addison 2008); less
is known about the distribution and effects of earthworms in subarctic boreal forests
(Cameron et al. 2007, Cameron and Bayne 2009, Sanderson et al. 2012). In northern
Alberta, Cameron et al. (2007) found boat launches and roads had the highest prob-
ability of earthworm occurrence. Their results suggested vehicle transport and bait
abandonment as primary mechanisms of earthworm introduction.

As for most invasive species, human activities, particularly road construction and
unintentional transport, likely increase the rate of spread for exotic earthworms above
their natural dispersal rate of 5-10 meters a year (Gundale et al. 2005, Addison 2008).
Consequently, exotic earthworms more likely occur near roads due to availability of
habitats disturbed by road construction and maintenance that allow for potential es-
tablishment, as well as the creation of dispersal corridors (Cameron et al. 2009). Vehi-
cles themselves function as dispersal vectors for earthworm cocoons, which are sticky,
mucus coated sacks containing developing embryos (Gundale et al. 2005). Several spe-
cies such as Lumbricus terrestris (anecic) and Lumbricus rubellus (epi-endogeic) are sold
commercially as fishing bait and are possibly introduced into ecosystems when anglers
discard unused bait (Cameron et al. 2007).
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Seventeen species of earthworms are known to occur in Alaska (see records in
Gates 1972, 1974, Reynolds et al. 1974, Reynolds and Wetzel 2008, Reynolds 1977,
1980, Berman and Marusik 1994, Costello et al. 2011, Rinella et al. 2014, and Suppl.
material 1: Alaska earthworm records). Of these, 14 are exotic worms introduced from
the Palearctic and have become established. Eisenia fetida (Savigny, 1826), a Palearctic
species, is commonly used for indoor vermicomposting in Alaska, but due to its low
cold tolerance (Greiner et al. 2011, Meshcheryakova and Berman 2014), it is unlikely
to become established in Alaska. Two species of earthworms found in southeast Alaska
(Arctiostrotus sp. and Sparganophilus sp.) may be native to Alaska or may have been
transported from elsewhere in North America.

Factors such as pH and temperature likely limit earthworm distribution, especially
in boreal regions like Alaska (Chan and Mead 2003, Addison 2008). Earthworms are
usually associated with soil pH of 5-7.4, although D. octaedra inhabits soil pH as low
as 2.8-3.6, and L. rubellus has been found in areas with pH > 3.0 (Addison 2008).
Survival of earthworms in low temperature areas depends on the species and stage of
development (Greiner et al. 2011, Meshcheryakova et al. 2014). Meshcheryakova and
Berman (2014), by comparing cold hardiness and present distributions of earthworm
species in Siberia, concluded that varying cold tolerance of the species considered con-
tributed toward their present distribution ranges.

A rapidly warming climate in Alaska is likely improving environmental condi-
tions for earthworms. Wetlands in Alaska are warming and drying (Klein et al. 2005,
Riordan et al. 2006, Berg et al. 2009) and average winter temperatures have warmed
3.5 °C in the last 50 years (Karl et al. 2009). Drying wetlands and warmer winters
may provide increasingly suitable habitat for exotic earthworms. Addison (2008) sug-
gested that even small increases in winter temperatures will lead to large increases in
earthworm habitat.

The present study documents species composition, distribution, and habitat cor-
relates for earthworms in the Kenai National Wildlife Refuge, a conservation area in
southcentral Alaska. A secondary goal is to examine relationships between earthworm
occurrence and distance from human-disturbed areas, such as roads and popular fish-
ing areas. The final goal is to identify factors potentially limiting earthworm distribu-
tion, such as pH and soil moisture, which are likely to change as the climate continues
to warm on the Kenai Peninsula.

Methods

Study area

Located on the Kenai Peninsula in southcentral Alaska, USA (60°N, 150°W), the Ke-
nai National Wildlife Refuge (KN'WR) covers 777,000 ha. Mountains and glaciers
characterize the southeastern KNWR (Figure 1). The Kenai Lowlands, mantled by
glacial deposits that vary in texture and are capped by silt loam derived from post-
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Figure |. Map of sampling locations and earthworm occurrences by species.

glacial windblown loess, cover the western portion of KN'WR. The Lowlands consist of
wetlands and mixed boreal forest (Klein et al. 2005) dominated by black spruce (Picea
mariana), white spruce (Picea glauca), birch (Betula papyrifera), and quaking aspen
(Populus tremuloides). The climate is boreal with a maritime influence. Temperatures
are rarely greater than 26 °C in summer or less than -18 °C in winter. The frost-free
growing season varies from 71-129 days depending on location, with about 480 mm
of total precipitation per year (U.S. Fish & Wildlife Service 2010).

While most of the KNWR is currently managed as congressionally designated
Wilderness, over 130 historic cabins have been inventoried on the Refuge along with
other historic resources associated with mining, trapping, oil development, and road
construction, mostly in the north of the refuge. Commercial mining and fishing in the
area occurred in the late 1800s and early 1900s. Oil exploration began in the northern
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part of KN'WR in the Swanson River area in the mid-1950s, resulting in 2,900 km of
bulldozed seismic lines. There are also 240 km of utility and transmission lines and 180
km of established trails within the Refuge (U.S. Fish & Wildlife Service 2010). Fire
and associated suppression activities have also been prevalent within the refuge in the
past. Major fires of unknown origin occurred in 1871, 1883, 1891, and 1910. Two
large, human-caused fires (1947: 125,000 ha and 1969: 35,000 ha) resulted in replace-
ment of mature spruce forests by a mosaic of young mixed conifer-deciduous forest
in various stages of succession. Many historic disturbances provided opportunities for
earthworm introduction and establishment on the KNWR.

Experimental design

Earthworms were sampled throughout the KNWR during July and August 2011 at
69 total sites representing three levels of human impact. These levels of human impact
were characterized by explicit vectors of introduction: (1) boat launches (z = 20), (2)
road corridors (7 = 20); and (3) low impact areas (> 600 m from any road or facility
and 50 m from any trail or river; # = 29). The sampling site locations were chosen
within a GIS (ArcGIS v.10.1) by first identifying suitable areas for each impact level
and then randomly selecting sample sites. Three 0.09 m? plots were established at each
site to sample earthworm occurrence. At road and boat launch sites, plots were placed
two, three, and five meters from the road or edge of a boat launch. The plots were
located approximately 10 m apart when possible, establishing a wider area for detect-
ing earthworm occurrence. This protocol was modified at four of the low impact sites
accessed by float plane, where only a single 0.09 m* quadrat was sampled at each site.

Plot level sampling

We sampled earthworm abundance at each plot using a 30 cm x 30 cm quadrat. With-
in each quadrat we removed and hand-sorted surface organic material for earthworms.
We extracted additional earthworms with a liquid mustard solution of 40 g ground
mustard powder in 3.8 L water (Lawrence and Bowers 2002). Earthworms were col-
lected and stored in 70% ethanol. Specimens were deposited in the entomology collec-
tion of the Kenai National Wildlife Refuge (coden: KN'WR) and specimen data were
made available via Arctos (http://arctos.database.museum/).

We identified earthworm specimens to species level when possible based on visual
observations of external morphology (Reynolds 1977). Juveniles were grouped into two
categories: (1) Lumbricus spp. and (2) other immature. In addition, six specimens col-
lected at geographically remote sites were identified to species level using the mitochondrial
COI barcoding gene to confirm taxonomic identification using the Basic Local Alignment
Search Tool (BLAST) and the BOLD identification engine (http://www.boldsystems.org).
We submitted sequence data to BOLD where they are publicly available.
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We measured leaf litter depth by clearing a small area and measuring the vertical
depth of the leaf layer with a 30 cm ruler within each plot. Soil pH, (Soil pH Meter,
HANNA, RI), and moisture (Digital Moisture Meter, General, NY) were measured in
the field. In each plot, we estimated the percentage cover of litter, grass, forbs, moss,
and lichen. General forest type (deciduous, mixed, conifer) of the area was determined
from field observations and a GIS land cover layer.

We estimated ash-free dry biomass (g) from the length (mm) of each preserved
specimen with the allometric equation of Hale (Hale et al. 2004):

g= e2.28531n(mm)—11.9047

Hale (2004) found that the allometric equations for Octolasion tyrtaeum, Lumbri-
cus spp., and Dendrobaena octaedra were not significantly different from one another,
allowing one equation for all species.

Lumbricus spp. distribution sampling

Anecic Lumbricus species are potentially more damaging than other genera (Eisenhau-
er et al. 2007). Consequently, at sites where Lumbricus spp. were found, we used three
transects to estimate the extent of local distribution. One transect was perpendicular
to the initial site and the other two at approximately 45 degree angles from the site. At
10 m intervals along each transect we sampled three plots for earthworm presence us-
ing liquid mustard extraction within a 0.25 m?* quadrat. To delineate the boundaries of
this infestation, we continued sampling until we failed to find earthworms in all three
plots at two consecutive 10 m intervals. Earthworms were collected and stored in 70%
ethanol and later identified in the lab.

Statistical analysis

Individual plots served as replicates for each site, but we used site level data for most analy-
ses by averaging plot level data. A site was considered to contain earthworms if individu-
als were detected in at least one plot. Soil moisture and leaf litter depth were square-root
transformed for normality. We calculated remoteness for each site as a measure of distance
from the nearest road. This distance, Y (m), was calculated in GIS by using true surface
distance, as it accounted for elevation changes and also masked out lakes. To approximate
a normal distribution for analyses, we transformed this distance using In (Y + 1).

All analyses were performed using R, version 3.1.2 (R Core Team 2014). We as-
sessed independence of earthworm presence and human impact level (road, boat launch,
low impact) and vegetation type (conifer, deciduous) using chi-square tests of inde-
pendence. Correlations of independent variables were examined with the corr.test func-
tion of the psych package, version 1.5.1 (Revelle 2015), accepting default arguments.
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Prior to occupancy modeling, principal components analysis (PCA) was used to
reduce the dimensionality of the eight habitat variables soil pH, soil moisture, leaf
litter depth, and moss, grass, lichen, litter, and forb cover percentages. PCA was per-
formed using the PCA function from the FactoMineR package (Husson et al. 2015),
version 1.29. We used the estim_ncp function, also from the FactoMineR package, to
determine the optimal number of dimensions to use in the PCA.

Results of the PCA were included in occupancy models (MacKenzie et al. 2003,
2006) using the occu function of the unmarked package, version 0.10-4 (Fiske and
Chandler 2011). Detection probability was assumed to be constant. Site occupancy
was modeled using all 2°=32 permutations of first-order terms for impact level (factor
with three levels), forest type (factor with two levels), distance to roads, and values
from the first two PCA components. Finally, we obtained parameter importance and
AICc model-averaged estimates of coefficients of the independent variables from the
full set of candidate models using the importance and modavg functions from the
AlCcmodavg package, vesion 2.0-3 (Mazerolle 2015).

We used MANOVA to determine the effects of the impact level and earthworm occur-
rence on the three dependent variables of soil pH, soil moisture, and leaf litter depth.

Results

Distribution and abundance

We found three exotic earthworm species, Dendrobaena octaedra, Dendrodrilus rubidus,
and Lumbricus terrestris, on KNWR. We failed to detect Lumbricus rubellus, known from
one location on KNWR (http://arctos.database.museum/guid/KNWR:Ento0:6755),
even though one of our sampling sites was only - 48 meters from this known occur-
rence. Specimen records are included in Suppl. material 2: Specimen records.

The six individuals that were genetically identified using the COI gene showed
> 96% probability of identity to their respective species based on a BLAST results.
BOLD process ID’s for sequenced specimens are also included in Suppl. material 2:
Specimen records.

No site had more than two species confirmed as present. Only four sites (three boat
launch sites one road site) contained two species of earthworms, while the majority of
sites contained only one species. Dendrobaena octaedra was the most widespread, occur-
ring at 48 (70%) of 69 sites. Most immature earthworms appeared to be D. octaedra
based on morphology. Dendrodrilus rubidus occurred at two sites geographically distant
from one another. Lumbricus terrestris occurred at three sites, all of which were boat
launches located adjacent to one another in the northern part of the Refuge (Figure 1).
Along transects surveyed at these sites, we found that L. zerrestris had dispersed only 30
to 110 m from the boat launches.

Opverall, earthworms occurred at 49 (71%) of the 69 sampled sites. Nearly all road
sites (18 of 20 total sites, 90%) had earthworms in at least one plot, as did most boat
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launches (17 of 20 total sites, 85%). In contrast, only half (14 of 29 total sites, 48%)
of the low-impact sites contained earthworms.

Earthworms occurred more frequently at roads and boat launch sites than ex-
pected, but much less frequently at low impact sites than expected (Table 1, chi-square
test of independence, 3* = 11.18, df = 2, p = 0.004, 7 = 69 observations). Earthworms
were found more frequently than expected at sites dominated by deciduous trees and
shrubs and less frequently than expected at conifer-dominated sites (3* = 13.3, df = 1,
p =0.0003, 7 = 65, Table 2).

Where earthworms were present, the mean density of earthworms was (28.1 =
4.4 individuals/m?), with mean densities ranging from 23.9 + 4.5 at road sites to 33.1
+ 6.1 at boat launches (Table 3). At the three sites where transects were surveyed
for L. rerrestris, the mean density of this species was 37.4 + 7.0 individuals/m?. Log-
transformed total earthworm densities (excluding absences) did not differ significantly
among impact levels (one-way ANOVA: F = 1.57, p = 0.219).

Table 1. Observed and expected values for earthworm occurrence in boat launch, road, and low impact
sites from a chi-square test of independence.

Boat launch Road Low impact
Earthworms present 16 (13.9) 18 (13.9) 14 (20.2)
Earthworms absent 4(6.1) 2 (6.1) 15 (8.8)

Table 2. Observed and expected values for earthworm occurrence at sites in conifer forests and deciduous

trees/shrubs from a chi-square test of independence.

Conifer Deciduous
Earthworms present 7 (13.3) 41 (34.7)
Earthworms absent 11(4.7) 6(12.3)

Table 3. Mean densities (individuals extracted/m? + SE) by species and human impact level.

Species Boat launch Road Low impact Total density
Dendrobaena octaedra 26.4 + 6.4 239 £4.5 269+ 11.9 25.6+4.4
Dendrodrilus rubidus 37+3.7 74 +7.4 - 5.6+1.9

Lumbricus terrestris 74+7.4 - - 74+7.4
Unidentified immatures 43.2+32 - - 43.2+32
Total density 33.1+6.1 243 +4.7 26.9+11.9 28.1+4.4

Table 4. Mean biomass (mg/m*+ SE) of earthworms by species and human impact level.

Species Boat launch Road Low impact Total
Dendrobaena octaedra 105 + 30 114 + 19 193 + 61.4 135 + 23
Dendrodrilus rubidus 32.4 52.8 - 42.6+10.2

Lumbricus terrestris 5651 - - 5651
Unidentified immatures 1891 - - 1891
All species 652 + 353 105 £ 36 193 + 61.4 361 + 144
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Where earthworms were found, ash-free dry biomass (AFD) of earthworms showed
moderate variation (0.36 + 0.14 AFD g/m?, n = 49; Table 3) and was greatest at boat
launches due to the presence of Lumbricus (0.65 + 0.35 g/m?, n = 16), lowest at roads
(0.11 + 0.04 g/m?, » = 18), and moderate at low impact sites (0.19 + 0.06 g/m?, 7 =
14). At the three sites where transects were surveyed for L. terrestris, the mean AFD
of this species was 4.2 + 1.8 g/m?. Log-transformed total earthworm biomass did not
differ significantly among impact levels (one-way ANOVA: F = 0.818, p = 0.448). In
summary, we found the highest density and biomass of earthworms at boat launches,
and the least of both abundance metrics along roads.

PCA and occupancy modeling

There were many significant correlations among the habitat variables (Table 5). De-
pending on the method used for determining the best number of principal compo-
nents to include, the optimal number was estimated to be two or three. We chose to
include two components because of the relatively small sample size of our dataset (7
= 65). The first two principal components that emerged from the PCA together ac-
counted for 63% of the total variability in the original data. The first component ac-
counted for 35% of the variability with positive loadings from soil pH, soil moisture,
and grass cover and negative loadings for moss, lichen and forb cover. The second
component accounted for 28% of the variability in the original variables with positive
loadings from soil moisture and grass cover and negative loadings from leaf litter cover
and leaf litter depth (Table 6).

The model-averaged overall estimates of occupancy and detection probability of
earthworms were, respectively, 0.83 + 0.07 and 0.68 + 0.04. Among the impact levels,
the occupancy estimate was highest at road sites (0.90 + 0.09) and lowest at remote
sites (0.73 + 0.16), although confidence intervals of occupancy at all three human im-
pact levels overlapped considerably (Table 7). Earthworms were more likely to occupy
hardwood-dominated sites (0.91 + 0.06) than conifer-dominated sites (0.47 + 0.16).

The top-ranked occupancy model had a weight of 0.31 and included terms for
forest type and distance to roads (Table 8). The second-ranked model, with a weight
of 0.16, included terms for forest type and the impact levels boat launch and road
distance. The evidence ratio between these two models suggested the highest-ranked
model was 1.9 times more likely to be the most parsimonious model than the second-
ranked model, but a A AICc < 2 indicated that the two models were nearly equivalent
(Symonds and Moussalli 2011). In fact, the combination of the road and boat launch
terms, both reflecting categories of sites very close to roads, conveyed much of the same
information as the distance term.

Forest type was included in all highly-ranked models (importance value of 0.98,
Table 9, Table 9). Its value as parameterized (conifer as intercept, hardwood as dum-
my variable) was consistently positive (95% CI: 0.76, 4.14), meaning that earthworms
were more likely to occur under hardwoods than under conifers. Distance to roads
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Table 5. Correlation matrix for variables used in principal component analysis. *Correlation is significant
at the 0.05 level (2-tailed).”Correlation is significant at the 0.01 level (2-tailed).

- - - - b5} g
= 2 2 @ =
moss cover -0.39”
grass cover -0.54" -0.45"
forbs cover -0.12 0.24" -0.28"
lichen cover -0.22 0.51" -0.28" 0.01
soil pH 0.15 -0.62" 0.51" -0.33" -0.47"
soil moisture -0.38" -0.17 0.53" -0.17 -0.30 0.26
licter depth 0.53" -0.43" -0.24" -0.18 -0.19 0.00 -0.26
Table 6. Factor analysis loadings for components: (n = 65).
Variable dim1 dim2
litter cover 0.075 -0.905
moss cover -0.816 0.380
grass cover 0.719 0.566
forbs cover -0.445 0.082
lichen cover -0.672 0.185
soil pH 0.823 -0.042
soil moisture 0.517 0.564
litter depth 0.161 -0.780

Table 7. Model-averaged estimates of occupancy (¥) and detection probability (p). Uncond. SE: uncon-

ditional stand error.

Parameter Estimate Uncond. SE 95% CI

Y 0.83 0.07 0.63, 0.93
o 0.84 0.08 0.59, 0.95
» 0.90 0.09 0.42,0.99

o 0.73 0.16 0.38, 0.94
W 0.47 0.16 0.19,0.76
@ 0.91 0.06 0.72,0.97
¥4 0.68 0.04 0.59, 0.76

was the only other parameter with an importance value greater than 0.5. Even though
its model-averaged 95% confidence interval included zero, the parameter estimate for
distance to roads was negative in all models in which it was included, indicating that
the likelihood of earthworm occurrence decreased with increasing distance from roads.
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Table 8. Top five occupancy models for earthworm occurrence based on the AICc. K: the number of
estimated parameters.

Model (occupancy) Log-likelihood | K | AICc | A AICc | Akaike weight
hardwood + distance -111.86 4 | 232.39 0 0.31
hardwood + boat launch + road -111.38 5 |233.78 1.39 0.16
hardwood + distance + Dim2 -111.7 5 | 23442 | 203 0.11
hardwood + distance + Dim1 -111.71 5 | 23444 | 205 0.11
hardwood + distance + boat launch + road -111.22 6 | 235.88 3.5 0.05

Table 9. Model-averaged parameters on logit scale from models of earthworm occurrence. Estimate:
model-averaged parameter estimates. SE: Unconditional standard errors.

Parameter Importance Estimate SE 95% CI
hardwood 0.98 2.45 0.86 0.76, 4.14
distance 0.69 -0.30 0.16 -0.62, 0.02
boat launch 0.37 1.54 1.10 -0.61, 3.69
road 0.37 2.86 1.78 -0.62, 6.34
Diml 0.26 0.08 0.24 -0.39, 0.55
Dim2 0.26 0.16 0.33 -0.48, 0.8

Effects of earthworm presence on soil properties

The presence of earthworms did not affect leaf litter depth or other measured soil prop-
erties. In a two-way MANOVA of the three factors impact level, forest type, and earth-
worm occurrence on the three dependent variables of soil pH, soil moisture, and leaf litter
depth, the combined dependent variables differed among impact levels (Pilliai’s trace =
0.804, F= 11.7, p < 0.001) and between forest types (Pilliai’s trace = 0.243, F = 5.47,
p =0.002), but the combined variables did not differ between sites where earthworms
were present or absent (Pilliai’s trace = 0.037, F = 0.648, p = 0.588). Follow-up univari-
ate ANOVA tests and Bayesian model averaging confirmed that neither soil pH, soil
moisture, nor leaf litter depth were affected by the presence or biomass of earthworms.

Discussion

Exotic earthworms were found to inhabit 90% of road corridors and 85% of boat
launch sites, but only 48% of low impact sites. These results suggest that human traffic
influences earthworm presence in the KNWR. Similarly, Cameron and Bayne (2009)
found a higher probability of earthworm occurrence at boat launches and roads com-
pared to forest interiors and remote shorelines in Alberta, Canada. Gundale et al.
(Gundale et al. 2005) found exotic earthworms at all non-wilderness sites (fishing,
timber harvest, road) in Michigan, but at only 50% of wilderness sites with no history

of logging.
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The road system in the KNWR, while poorly developed compared to conservation
units in the contiguous U.S., is fairly extensive compared to other Federal conserva-
tion units in Alaska, constituting ~1% of the refuge (100 m buffer either side of all
refuge roads gives 6,420 ha). The paved 35 km Sterling Highway and graveled 31 km
Skilak Lake Road together bisect the KNWR. These two unpaved roads provide con-
nectivity to many of the 2,900 km of seismic lines (U.S. Fish & Wildlife Service 2010)
and three active oil fields that have been laid down on the landscape over the past six
decades. Road age has been linked to earthworm presence in northern Alberta, where
Cameron and Bayne (2009) found that older road corridors (average age = 46 years)
were significantly more likely to have earthworms than younger ones. The few roads
on the KNWR were built in the 1950s, suggesting that they likely contributed to the
dispersal of exotic earthworms, although sites on Tustumena Lake in the southern
KNWR suggest that roads and survey lines are not necessary for earthworm invasion.

We found Dendrobaena octaedra to be the most widespread (adults at 70% of study
sites) and abundant species (25.6 + 4.4 ind./m?) of earthworm on KN'WR. This species
is most likely introduced and spread by vehicles because its small size and epigeic habits
(i.e., inhabit near-surface of the leaf litter) likely increase its chances of dispersal by hu-
man activities. Dendrobaena octaedra is a prominent invader throughout North America,
often both the most widespread and densest exotic earthworm (Cameron et al. 2007).

Dendrodrilus rubidus was found at only two locations geographically distant from
each other, suggesting independent introduction events and perhaps multiple vectors.
In an unrelated sampling effort, we have also collected Dd. rubidus in the subalpine
zone on the southern portion of the refuge at a site accessible only by floatplane or by
foot (http://arctos.database.museum/guid/KNWR:Ento:7100), again suggesting an-
other independent introduction.

Dendrodrilus rubidus is a fairly common earthworm that appears to be present
more in northern hardwood and coniferous forests throughout Alaska and Canada
(Cameron et al. 2007, Addison 2008, Costello et al. 2011) than in hardwood forests in
the Midwest and other areas of the contiguous United States (Hale et al. 2005, Sudrez
et al. 2006, Holdsworth et al. 2007b). Like D. octaedra, it is tolerant of both acidic
conditions and frost and, as an epigeic species, likely impacts the forest floor ecosys-
tems less than anecic species (Addison 2008).

In contrast, L. terrestris is an anecic species that lives deep in the soil (Hale et al.
2005, Sudrez et al. 2006, Addison 2008) and is commonly sold as fishing bait. We
found L. terrestris at three boat launches within 5 km of one another, all at lakes popu-
lar for sport fishing (Figure 1). This peculiar distribution and the fact that L. rerrestris
is sold for bait locally (e.g, http://arctos.database.museum/guid/ KNWR:Ento:6753)
suggests direct bait abandonment as the main method of introduction on the KNWR.
Additional species may be expected to arrive at boat launches because fishing bait can
contain other species as well (Tiunov et al. 2000).

Though we did not detect L. rubellus in our sampling effort, it is presently known
to occur on KN'WR at only one site, a boat launch on a popular fishing lake. As with
L. terrestris, it was most likely introduced by bait abandonment.
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In this study, the most important factors determining earthworm occurrence ap-
peared to be forest type (conifer versus hardwoods) followed by distance from roads.
We found that earthworms were more likely to be found at sites dominated by de-
ciduous trees and shrubs than at sites dominated by conifers. On KNWR, conifer
dominated sites tend to have acidic soils covered by a thick moss carpet, conditions
unfavorable to most earthworm species. In contrast, hardwood sites tend to have less
acidic soils covered by deciduous leaf litter, providing more ideal conditions for most
earthworm species.

Our finding that half (48%) of the low impact sites (> 600 m from any road or
facility, and 50 m from any trail or river) contained earthworms was relatively higher
than Cameron and Bayne (2009), who noted 8-35% of their remote transects (300-
500 m in the forest interior) contained earthworms, but similar to Gundale et al.
(2005) who found 50% of wilderness areas without earthworms. The difference be-
tween occurrence patterns in the above studies and KN'WR, with its remote sites far
from roads supporting earthworms, is perhaps due to boat and float plane access into
more remote regions of the KNWR. Similarly, Holdsworth et al. (2007b) found that
of all habitat and distance variables, distance to roads was the only significant predictor
of earthworm occurrence in a Wisconsin hardwood forest for most earthworm groups.
Holdsworth et al. (2007b) noted that Dendrobaena species are early colonizers among
earthworm assemblages. The highest occurrence of Dendrobaena near roads suggests
that the KNWR may be in the early stages of earthworm colonization.

Besides surface vehicle access, other anthropogenic influences likely contribute to
earthworm presence in KNWR, especially in more remote areas. These remote site
invasion vectors are not easily identified. Dendrobaena octaedra was found throughout
the study area, most likely introduced by road construction, but also possibly by seis-
mic exploration, fire suppression activities, and mechanical tree crushing for moose
browse in the northern part of the KNWR during the 1970s. There, extensive seismic
lines, mostly in the northern part of the Refuge, have been in place since as early as the
1950s, and many remain visible on the landscape today as animal, hiking, and snow-
mobile trails, as well as illegal access routes for all-terrain vehicles (U.S. Fish & Wildlife
Service 2010). Numerous prescribed fires and wildfires within the KNWR, together
with associated control and suppression efforts using heavy equipment, provided ad-
ditional opportunities for earthworm establishment.

There are also non-anthropogenic vectors that can spread earthworms such as birds
(D. Saltmarsh, pers 0bs.) and streams. In southeast Alaska, Costello et al. (2011) found
that earthworms appear to disperse along streams. They showed that several earthworm
species could survive > 6 days submerged in a stream.

Factors such as soil pH likely also limit earthworm distribution. Most earthworms
prefer soil pH of 5-7.4 (Addison 2008). While earthworms were found in the present
study at sites with slightly higher pH (5.74 + 0.13, 7 = 48 sites) than sites without
earthworms (5.32 + 0.23, 7 = 21), the distribution observed was most likely due to the
distance from human impacts rather than pH. The average pH of the low impact sites
was significantly different from other site types, likely due to the high number of low
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impact sites dominated by conifers compared to boat launch and road sites. Addison
(2008) cited references documenting earthworms under fairly acidic conditions: D.
octaedra has been found in areas of Canada with a pH as low as 2.8-3.6; Dd. rubidus
and L. terrestris have been recorded in areas with pH of 3.0-3.4, suggesting that even
low impact sites on KN'WR were well within the range of tolerance for both species.

Earthworm densities showed substantial variation with a mean value (28 earth-
worms/m?) comparable to other studies. Cameron et al. (2007) found densities along
transects in Alberta of 0-35 earthworms/m?, averaging 2-41 earthworms/m?. Gonzdlez
et al. (2003) found average density in a Colorado aspen forest was 44.4 earthworms/
m?. Boat launches had the highest density of earthworms, likely due to introduction
from both roads and bait abandonment, as well as close proximity to campgrounds
(Cameron et al. 2007).

We found no evidence that earthworms were affecting the soil properties pH, soil
moisture, and leaf licter depth on KN'WR. Likely explanations are the dominance of the
epigeic D. octaedra, moderate densities of earthworms, and that these may have been
young infestations. In Minnesota, Hale et al. (2005) found that the Dendrobaena group
alone did not remove the forest floor or change other soil parameters, while L. rerrestris
resulted in the complete removal of surface litter and the lowest percentage of organic
matter in the A horizon. They also found that fine root density, total fine root biomass,
and nutrient availability were lower in L. ferrestris dominated areas compared to oth-
ers. These observations in other systems suggest that D. octaedra has a lesser impact on
forest floor ecology than L. terrestris, so ecological impacts may not be apparent within
the D. octaedra dominated KNWR. Moderate densities and biomass of earthworms as
well as the potential that these populations have not had many years to work the soil are
additional reasons that they have not yet measurably altered soil properties on KNWR.

In temperate studies, earthworm invasions appear to follow a predictable succes-
sional sequence, beginning with early invasion by epigeic species, such as D. octaedra,
and epi-endogeic species, like L. rubellus. Subsequently endogeic and anecic species
like L. terrestris colonize (Hale et al. 2005, Tiunov et al. 2006, Addison 2008). Gund-
ale et al. (2005) confirmed this sequence in Michigan where they found communities
consisting of just one or two species that were almost exclusively composed of D. oc-
taedra and L. rubellus. This was similarly observed by Sudrez et al. (2006) in New York
where the edge of earthworm distribution was dominated by L. rubellus, followed by
communities dominated by L. terrestris. This sequence can largely be explained by the
differences in species traits such as reproductive strategy, fecundity, cold tolerance, and
colonization rates. D. octaedra is partheogenic, has high cocoon production (Dymond
et al. 1997), is extremely frost tolerant and can withstand over-winter freezing in all
stages of development down to at least -14 °C. Together, these traits in D. octaedra aid
in its success as an initial invader (Holmstrup 1994, Bindesbel et al. 2007).

Even though differences in cold tolerance do limit the distributions of earthworm
species at larger scales (Meshcheryakova et al. 2014), the extent our study area, confined
to the central lowlands of the western Kenai Peninsula, did not cover enough of a climatic
gradient for consideration of temperature as a determinant of earthworm invasion success.



Distribution and abundance of exotic earthworms within a boreal forest system... 81

Regionally in Alaska, the distribution of permafrost and cold winter temperatures,
as well as soil moisture and pH, likely limit earthworms’ potential Alaskan distribu-
tion. Where earthworms can survive, historic and current human activity and land
use practices, and the composition of particular source populations, likely determine
earthworm occurrence. The fact that all earthworm records in Alaska up to the present
time have been from southern Alaska (see Suppl. material 1: Alaska earthworm re-
cords) despite rates of earthworm introductions that are likely comparable in southern
and Interior Alaska indicates that the harsher, colder climate of the Interior precludes
successful invasions by most earthworms. However, some of the more cold-hardy spe-
cies present in the far north of the Palearctic, including D. octaedra and Dd. rubidus,
may be able to survive in Interior Alaska based on the physiological and distributional
data presented by Meshcheryakova et al. (2014).

Both D. octaedra and Dd. rubidus are parthenogenic, frost-hardy species, traits
that, combined with their ability to tolerate acidic soils and exploit poor litter quality,
contribute to their success in colonizing large areas. As with many “weedy” species,
parthenogenesis facilitates rapid reproduction from very low densities, characteristic of
rare dispersal events, where a single individual can establish an entire population (Tiu-
nov et al. 2006). The small body size of these species also facilitates spread by vectors
such as tires more often than Lumbricus and other anecic species. Given its wide distri-
bution on the KN'WR and its particular ecological traits, D. octaedra will likely be able
to colonize large areas of permafrost-free Alaska, an expanding region as climate warms
(Osterkamp 2005). While D. octaedra has limited impacts compared to other exotic
earthworm species, its presence could portend an invasion by a larger assemblage of
earthworms and commensurate changes in soil properties if Alaska follows the same
colonization sequence seen elsewhere in northern North America.

Conclusion

As there are no effective strategies for removing exotic earthworms once they are es-
tablished, preventing invasion and slowing their dispersal are the only viable ways to
reduce their overall impacts. While we found that D. octaedra was widespread, most
of the KNWR was free of the more damaging Lumbricus species. Most of the KN'WR
can be kept free of Lumbricus species for many years due to the extremely slow natural
dispersal rate of these worms. Because the main vectors of earthworms on the KN'WR
appeared to be vehicles and bait abandonment, logical methods for slowing the spread
of species already on the landscape and preventing the introduction of additional
earthworm species would be to minimize vehicular activity in areas currently devoid of
earthworms and to explicitly prohibit the use of earthworms as live bait.

As the first study of earthworm diversity and distribution in the southcentral Alas-
ka region, we established patterns of distribution likely to hold true regionally and we
set the stage for considering ways to limit the further introductions of exotic earth-
worms in Alaska.
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