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A milestone in the knowledge of alien species in Europe has been achieved by the DAI-
SIE (Delivering Alien Invasive Species Inventories for Europe) project. Through the
Sixth Framework Programme of the European Union, DAISIE has delivered a major
portal for information on biological invasions that is publicly available at http://www.
europe-aliens.org. The rationale was to develop a pan-European inventory of invasive
alien species by integrating existing databases, to describe patterns and evaluate trends
in biological invasions in Europe, identify priority species and assess their ecological,
economic and health risks and impacts. Although an on-going process, the foundation,
scope, and technological architecture of DAISIE was established through a consortium
of leading researchers of biological invasions in Europe from 19 institutions across 15
countries and delivered through the cooperation of experts in ecology and taxonomy
from throughout Europe that in total amounted to 182 contributors. The inventory,
accounts, and distribution maps today provide the first qualified reference system on
invasive alien species for the European region. The information presents an outstand-
ing resource to synthesise current knowledge and trends in biological invasions in Eu-
rope. The data will help identify the scale and spatial pattern of invasive alien species in
Europe, understand the environmental, social, economic and other factors involved in
invasions, and can be used as a framework for considering indicators for early warning.

A key component of DAISIE is 7he European Alien Species Database, an inventory
of all alien species in Europe, and resulted from compiling and peer-reviewing national
and regional lists of alien fungi, bryophytes, vascular plants, invertebrates, fish, am-
phibians, reptiles, birds and mammals. Data were collated for all 27 European Union
member states (and separately for their significant island regions), other European
states (Andorra, Iceland, Liechtenstein, Moldova, Monaco, Norway, the European
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part of Russia, Switzerland, Ukraine, former Yugoslavia states) and Israel. Marine lists
are referenced to the appropriate political region with administrative responsibility.
To have full coverage of the European marine area, the data for countries bordering
the Mediterranean Sea in North African and Near East countries are included. By
November 2008, records of 10,771 alien species, were included in the database, be-
longing to 4492 genera and 1267 families. Both species of exotic origin and species
of European origin introduced in European regions outside their native range were
considered. Plants are most represented accounting for 55% of all taxa (5789 species),
terrestrial invertebrates 23% (2477 species), followed by vertebrates (6%), fungi (5%),
molluscs (4%), Annelida (1%) and Rhodophyta (1%). In total, the database includes
records of 45,211 introduction events to particular regions (plants: 28,093; terres-
trial invertebrates: 11,776; aquatic marine species: 2777, terrestrial vertebrates: 1478;
aquatic inland species: 1087). Due to unprecedentedly thorough assessment, DAISIE
substantially improved the accuracy of estimates of alien species numbers derived from
previous datasets.

The information accumulated by DAISIE has been summarized in the Handbook
of Alien Species in Europe (DAISIE 2009), which contains analytical chapters on each
taxonomic group, and fact sheets of the 100 most invasive alien species in Europe with
distribution maps and images. The book also lists all alien species recorded, ranked
taxonomically; this list can be used as a reference for future assessment of trends in bio-
logical invasions in Europe. The current volume “Alien terrestrial arthropods of Europe”
largely follows the lead set by the Handbook of Alien Species in Europe but provides
much needed detail on one of the largest and most complex taxonomic groups, the
arthropods.

Unlike other groups of animals and plants, no checklist of alien terrestrial
invertebrates was available in any of the European countries until the beginning of this
century. Thus more than any other taxonomic group, creating an inventory of invasive
alien arthropods in Europe proved to be a major challenge. Consequently, an estimate
of the importance of terrestrial alien invertebrates at the European level remained
impossible, largely due to the limited taxonomic knowledge regarding several major
arthropod groups. As a result, the initial analyses in DAISIE were drawn from the most
reliably studies group, the insects. Even with such a partial picture, the new evidence
emphasised the need for more detailed assessment of alien arthropods. For example,
the initial work in DAISIE has shown that approximately 90% of terrestrial insects
having arrived into Europe unintentionally (75% associated with a commodity, 15%
as stowaways). The highest numbers of insects occur in human-made habitats (ruderal,
cultivated land, parks and gardens) and invasions are concentrated to these few highly
invaded habitats. Not surprisingly insects are one of the taxonomic groups with the
most species causing impacts in Europe, and most of these impacts are on the economic
rather than environmental sectors. In this regard, Alien terrestrial arthropods of Europe
extends the initial work in DAISIE and develops a clearer picture of arthropod inva-
sions across a much larger taxonomic range than insects. This substantial work will set
the benchmark for authoritative assessments of invasive terrestrial invertebrates.
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Through DAISIE, Europe is today the continent with the most complete informa-
tion on its alien biota. The continent has been working towards implementing an ef-
fective strategy on invasive alien species and DAISIE is considered as one of the major
instruments towards achieving this goal. An internet-accessible knowledge base, such
as DAISIE, can provide crucial information for the early detection, eradication, and
containment of invasive aliens —which is most achievable for species that have just
arrived. As a result of DAISIE, managers and policy-makers addressing the invasive
alien species challenge can easily obtain data on which species are invasive or poten-
tially invasive in particular habitats, and use this information in their planning efforts.
Agencies responsible for pest control can quickly determine if a species of interest has
been invasive elsewhere in Europe. Importers of new alien species can access data to
make responsible business choices. Land managers can learn about control methods
that have been useful in other areas, reducing the need to commit resources for ex-
perimentation and increasing the speed at which control efforts can begin. DAISIE
is potentially a model for other continents which currently have much less detailed
information on their alien biota.
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Dispersal of organisms is among the most important conditions that has enabled the
development of life on earth and the high diversity of species we encounter today. This
natural process is guided by biogeographical barriers which subdivide the accessible
space of the Earth into compartments: species are limited to islands, summits, lakes,
or oceans and shorelines, mountain ridges or climate zones. Such natural bounda-
ries reduce competition, create conditions for speciation, and form the basis for the
evolutionary centre where a given species has originated. This species is then native
(indigenous) to this area.

These natural biogeographical barriers have increasingly been overcome by hu-
man dispersal and humans now inhabit all parts of the world. This process of human
dispersal started in Africa more than 100,000 years ago, and is an intrinsic part of
human history. At first, this slow but continuous conquest was performed by walking,
at the natural speed of humans, and was limited by the physical condition of individu-
als. The speed of movements increased in the last centuries and today, we can reach
virtually any spot on earth by airplane within 24 h. The turning point was certainly,
when sailing ships circumnavigated the world and connected continents. With such
big carriers, mass transportation of materials, animals and plants over large distances
was also possible.

Christopher Columbus was the second European in the New World (the first dis-
covery of North America by the Vikings some 500 years earlier had no long-lasting
consequence, other than the introduction of the North American bivalve Mya arenaria

Copyright W. Nentwig, M. Josefsson This is an open access article distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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to Scandinavia in the 1200s (Petersen 1992), and with him the global race duel to con-
nect all parts of the world faster and tighter began. Thus, the year 1492, when Colum-
bus set foot on the first Caribbean island was the starting point of this self-accelerating
process later called globalisation.

This process had serious consequences because man did not travel alone. His en-
tourage comprised crop plants and domesticated animals and pets, including all the
pests, pathogens and parasites which usually adhere to them. In other words: in the
last 500 years hundreds and thousands of species have been spread worldwide both
intentionally and unintentionally. Through this human aided spread the biogeographi-
cal barriers have become more and more permeable and more and more species are no
longer restricted to their native areas.

Species living outside of their natural range and outside of their natural dispersal
potential are alien species. Their presence in the new habitat is due to intentional or
unintentional human activities and without this human support they would never
have reached their new area. Thus, there is an important difference between natural
dispersal of species that, e.g., allows Mediterranean species to spread north of the Alps
because the summers are becoming warmer and man-mediated transport of American,
African, Asian or Australian species which then suddenly show up in European har-
bours or airports and disperse into the hinterland. These last species are called alien zo
Europe. Obviously, species of European origin may also be translocated by man out-
side of their natural range, e.g. Mediterranean species to Northern Europe or species of
continental Europe to Atlantic and Mediterranean islands. In this case, they are called
alien in Europe. However, in many cases it appears highly difficult to disentangle the
effect of human-mediated transport from that of natural dispersion when a native Eu-
ropean species is suddenly found outside its range.

But why is it disadvantageous to increase the number of naturally occurring spe-
cies (the native fauna and flora) by some alien species? In most (if not all) natural
ecosystems the given set of species is the result of a long adaptation and co-evolution
to the physical and biotic environment. The higher the natural biological diversity is,
the greater the biotic resistance is against additional, foreign species. If ecosystems are
disturbed (e.g. by fire, flooding or erosion) or are artificial ecosystems (such as agri-
cultural habitats or urban areas), alien species have a much higher chance to establish.

An alien species will interact with resident species or the abiotic environment in a
different manner than a native species and therefore such an additional species is usu-
ally neither an enrichment of the ecosystem nor any amelioration of a process. Alien
species are usually somehow different from the resident species since they have evolved
in a different environment. They may represent a new type of predator, they may have
novel weapons, or they may have other new properties which may enable them to alter
habitats or even ecosystem functioning. They can fill hitherto empty niches, they may
change matter flux or impact energy flow. Such changes affect the resident species most
often in a negative way and native species may become less common or even disappear.
At this stage, the alien species impacts the invaded ecosystem and becomes an invasive
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species. Usually the term “alien” is used in the sense of “not wanted here” but calling
it invasive is a clearly negative attribute.

The consequences of an alien species can be manifold: Most obvious is direct com-
petition with native species, an increasing abundance in the new environment until a
complete replacement of native residents occurs. Alien species may be associated with
pathogens and parasites or they are pathogens and parasites, which may transfer onto
and affect a new host. If the new host is susceptible to the new pathogen or parasite, a
strong reduction in the population of this native species will result or even local extinc-
tion is possible: The alien species has thus caused a loss of biodiversity.

Further consequences of an alien and invasive species may concern water flux, e.g.
by increasing consumption or contamination. Matter flux (primarily carbon or nitro-
gen) may be influenced by an altered decomposition of plant litter and wood or via
nitrogen-fixating symbionts.

Besides such environmental impacts many alien species cause enormous econom-
ic impacts or directly influence human or animal health. Many alien invertebrates,
especially insects, cause great damage to agriculture and forestry. Many protozoans
and “worms” are human parasites and many insects are vectors of bacteria and viruses
which cause numerous serious diseases. Today, such super-pests are cosmopolitan but
this term camouflages that in most parts of the world, where they occur today, they
are alien and invasive species. In the case of humans and on a global scale, they cause
millions of fatalities each year.

Not all alien species are invasive and it is in fact strange to observe some aliens for
years and decades at a given location that show no signs of obvious spread. The process
from the first introduction of an alien species into a new environment until aggres-
sive invasiveness is characterised by several steps and an alien species may fail at each
of these steps. After a first introduction, it is decisive if the new environment fits the
need of this species. Usually, if the number of individuals is low, the species has a rather
small chance of establishing reproducing populations. But the higher this number is
or the longer the introduction process lasts, the better the chances are of the new spe-
cies establishing. Establishment means survival and reproducing viable populations
on the spot, which is called the lag phase. The next step is when the alien species pro-
duces a surplus reproduction which allows modest migration. In this period an alien
species may adapt in some way to its new environment and this phase is often called
bottleneck with a transition from the lag phase to the log phase. In the log phase, the
alien species reaches more suitable habitats which allow a higher reproduction. By con-
tinuous population growth, the population pressure on adjacent areas is increased and
impacts on the ecosystem also become evident and increase: now the alien has become
invasive. Observing an alien in a non-invasive status does not mean that it will not
become invasive (and thus can be tolerated as harmless), it rather means that it is not
(yet) invasive but it could be just a matter of time until it becomes invasive. Changes in
land use or climate can also enable previously harmless alien species to begin to spread
uncontrollably and become invasive.
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Roughly 50 years ago, the British ecologist Charles Elton published his Ecology of
invasions by animals and plants, already then warning of the danger arising from alien
and invasive species: “The whole matter goes far wider than any technological discus-
sion of pest control, though many of the examples are taken from applied ecology.
The real thing is that we are living in a period of the world’s history when the min-
gling of thousands of kinds of organisms from different parts of the world is setting up
terrific dislocations in nature. We are seeing huge changes in the natural population
balance of the world” (Elton 1958). Elton was among the first to describe the typical
pattern of an alien species establishment. That what he called “biological explosion” is
today known as biological invasion (Nentwig 2008). He was also among the first to
investigate why and how species were dispersed by human activities and he analysed
even then the negative impacts of species in a new environment. He was among the
first to ask how this could be prevented.

Astonishingly, the hazards provoked by alien species did not cause that much con-
cern among scientists, nor did it attract public awareness as much as would have been
expected (Hulme et al. 2009). However, the ultimate reason for the loss of more than
5% of the world GNP, one main reason for the loss of biodiversity, for millions of hu-
man deaths, and for the loss of more than 20% of the world’s food production cannot
be ignored.

Prevention has multiple faces leading from raising awareness in the public to better
scientific knowledge and documentation. More regulations and guidelines must to be
put into place and existing regulations must be applied more consequently and care-
fully. Further import of aliens should be avoided; current aliens should be confined,
controlled and even eradicated. We must face this challenge through changes in world
trade, adoption of regional strategies and regulations, improved national legislation
and better administration, but also through improvements in general education and
awareness and the improved spread of information through the media.

Science is also absolutely required in order to manage the problems that alien spe-
cies may cause. How can they be detected and identified? What is their population
development and habitat requirement? What is their impact in the invaded area? How
can they be controlled, reduced, or eradicated? How can we predict which species that
may become invasive and how can we manage the risks? For most alien species there
are yet no answers to most of these questions. Even the seemingly simple question on
the number of alien species in Europe could not been answered a few years ago.

Therefore, the European Commission, in its Sixth Framework Programme,
launched a call for an inventory of alien invasive species. The successful application
was awarded to a consortium of leading researchers of biological invasions in Europe,
drawn from 19 institutions across 15 countries. The resulting project, DAISIE (Deliv-
ering Alien Invasive Species Inventories for Europe), was launched in February 2005
and ran for three years, until the end of January 2008.

The main objectives of DAISIE were (1) the creation of an inventory of all known
alien species in the European terrestrial, freshwater and marine environments; (2) to
describe the worst alien and invasive species in Europe and to describe their envi-
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ronmental, economic and health risks impacts; and (3) to compile a directory of
experts on alien species. Since February 2008, the DAISIE information system is
freely available at http://www.europe-aliens.org. In 2009 a condensed version of the
DAISIE information system was published in a Handbook of Alien Species in Europe
(DAISIE 2009).

Invertebrates, and among them arthropods, comprise the largest proportion of
alien animals and are of pronounced importance, e.g. in agriculture, horticulture and
forestry, the cultural environment and for human and animal health. Despite the far
reaching and serious effects that alien invertebrate species have on biological diversity,
health and society, knowledge of their effects and potential risks is still insufficient.
This knowledge is crucial for managing the risks involved with the transfer of species
both intentionally and unintentionally. Based on the expert knowledge of 78 scientists
from 25 European countries, this book will present for the first time in a comprehen-
sive way the alien arthropods having established in Europe, including detailed infor-
mation on taxonomy, pathways, invaded habitats, impacts and trends. The book will
focus on the 1590 terrestrial arthropod species presently identified as aliens 0 Europe.
They will be presented by taxonomic rank. For each group, additional information will
be provided about the species alien 7z Europe whenever the actual status of such spe-
cies can be considered as ascertained with regard to the difficulties mentioned above.
Moreover, the 80 most important alien invasive species are presented in factsheets in
more detail in order to raise awareness and provide information upon which to base
measures to prevent and control these species.
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Abstract

A total of 1590 species of arthropods alien to Europe have already established on the continent, including
226 more or less cosmopolitan species of uncertain origin (cryptogenic). These alien species are dispersed
across 33 taxonomic orders, including crustaceans, chilopods, diplopods, pauropods, Symphyla, mites,
arachnids, and insects. However, insects largely dominate, accounting for more than 87% of the species,
far in excess of mites (6.4%). Three of the insect orders, namely Coleoptera, Hemiptera and Hymenop-
tera, overall account for nearly 65 % of the total. The alien fauna seems to be highly diverse with a total
of 257 families involved, of which 30 have no native representatives. However, just 11 families contribute
more than 30 species, mainly aphids, scales and hymenopteran chalcids. For a number of families, the
arrival of alien species has significantly modified the composition of the fauna in Europe. Examples are
given. The number of new records of aliens per year has increased exponentially since the 16 century, but
a significant acceleration was observed since the second half of the 20 century, with an average of 19.6
alien species newly reported per year in Europe between 2000 and 2008. This acceleration appears to be
mainly related to the arrival of phytophagous species, probably with the plant trade, whereas the contribu-
tion of detritivores, parasitoids and predators has decreased. Some taxa have not shown any acceleration
in the rate of arrivals. Asia has supplied the largest number of alien arthropods occurring in Europe (26.7
%), followed by North America (21.9%) but large differences in the region of origin are apparent between
taxa. Once established, most alien species have not spread throughout Europe, at least yet, with 43.6 %
of the species only present in one or two countries, and less than 1% present in more than 40 countries.
Large differences also exist between European countries in the total number of alien arthropods recorded
per country. Italy (700 species) and France (690 species), followed by Great Britain (533 species), host
many more species than other countries. The number of alien species per country is significantly corre-
lated with socioeconomic and demographic variables.

Copyright Alain Roques. This is an open access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Introduction

Expanding world-wide trade, globalisation of economies and climate change are all
factors that contribute to an accelerated international movement and establishment of
alien organisms, allowing them to overcome geographic barriers (Hulme et al. 2008,
Hulme 2009, Walther et al. 2009, Roques 2010). These alien species have already been
shown to impose enormous costs on agriculture, forestry as well as to threaten human
health and biodiversity (Williamson 1996, Wittenberg and Cock 2001, Pimentel et
al. 2002, 2005, Vild et al. 2009). Although terrestrial arthropods, and particularly in-
sects, represent a large part of the alien species problem, they appear to have received
disproportionately less attention compared to plants, vertebrates, and aquatic organ-
isms, especially regarding their possible ecological impact (Kenis et al. 2009). Most of
the works concerning alien terrestrial invertebrates have dealt with case studies of pests
having a high economic or sanitary impact, such as gypsy moth (Lymantria dispar (L.))
in North America (Liebhold et al. 1992), Asian long-horned beetles (Anoplophora spp.;
Haack et al. 2010), or Asian tiger mosquito (Aedes albopictus (Skuse); Eritja et al.
2005). More synthetic studies have been carried out at guild level (e.g., bark beetles;
Brockerhoff et al. 2005) or at ecosystem level, especially for forest insects (Liebhold et
al. 1995, Mattson et al. 1996, 2007, Niemeld and Mattson 1996, Langor et al. 2009).
However, continental inventories of alien arthropod species, or even of alien insects,
are still lacking in most regions, although such studies are needed to assess which taxo-
nomic or bio-ecological groups of alien species are better invaders or more harmful
to the economy or environment, and which ecosystems or habitats are at greater risk
(Mondor et al., 2007).

In Europe, the potential problems caused by alien arthropods have tradition-
ally been considered as less severe than in North America, Australasia or South Af-
rica (Niemeld and Mattson 1996). As a result, unlike other groups of animals and
plants, no checklist of alien terrestrial arthropods was available in any of the European
countries until the early 2000s. However, in the last 20 years, several exotic pests of
economic concern, to name a few, the western corn rootworm (Diabrotica virgifera
virgifera LeConte), the red palm weevil (Rhynchophorus ferrugineus (Olivier)), the har-
lequin labybeetle (Harmonia axyridis (Pallas)), or the chestnut gall maker (Dryocos-
mus kuriphilus (Yasumatsu)), have invaded Europe, inducing more interest in the issue
of alien arthropods. The horse-chestnut leaf miner, Cameraria obridella Deschka and
Dimi¢, an alien in Europe originating from the Balkans, has also raised much public
concern because of its spectacular damage to urban trees in invaded areas of Central
and Western Europe (Valade et al. 2009).

Thus, checklists of alien arthropods began to be compiled from 2002 onwards,
successively covering Austria (Essl and Rabitsch 2002), Germany (Geiter et al. 2002),
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the Netherlands (Reemer 2003), the Czech Republic (Sefrovd and Lastavka 2005),
Scandinavia (Nobanis 2005), the United Kingdom (Hill et al. 2005, Smith et al.
2007), Italy (Pellizzari et al. 2005), Serbia and Montenegro (Glavendeki¢ et al. 2005),
Switzerland (Kenis 2005), Israel (Roll et al. 2007), Albania, Bulgaria and Macedonia
(Tomov et al. 2009), and Hungary (Ripka 2010). However, a major advance in the
knowledge of alien arthropod species established in Europe was the European project
DAISIE (Delivering Alien Invasive Species Inventories for Europe) in 2008. Besides fur-
nishing national and regional lists, this project provided for the first time an overview
of the alien fauna of arthropods that has established on the continent. DAISIE identi-
fied a total of 1517 alien terrestrial invertebrates, of which 1424 arthropods. However,
limited expertise in some taxa during the DAISIE project meant full coverage of all the
terrestrial arthropods could not be achieved with the same level of precision. The work-
ing group formed on this occasion therefore decided to continue its activity over the
next two years, enlarging its taxonomic scope and competencies, in order to provide
the most exhaustive list of the alien terrestrial arthropods of Europe as possible, with
detailed information about each species.

The update of the DAISIE list revealed in this book accounts for 1590 arthropod spe-
cies alien to Europe, i.e. 166 more species, including both additions and deletions from
the former list, and a much better coverage of taxonomic groups other than insects and
spiders (i.e., mites, myriapods and crustaceans). In order to allow a comparison of their
invasive patterns, the different taxonomic groups are presented separately in 21 chapters
which have the same format. Because of the large number of species in some groups,
these have been divided into several distinct chapters; i.e., four chapters for Hemiptera
and five chapters for Coleoptera. Each chapter successively analyzes the taxonomy of the
alien species component compared to that of the native fauna, the temporal trends of in-
troduction, the biogeographic patterns, including both details of the region of origin and
the distribution of the species in Europe, the pathways of introduction, the ecosystems
and habitats which are invaded, and the economic and ecological impact of the biologi-
cal invaders. At the end of each chapter, a table summarizes key information regarding
all species in the taxa which are alien 70 Europe; i.e. of ascertained exotic origin or cryp-
togenic (see Chapter 1 for definitions): family, feeding regime, date and country of first
record in Europe, invaded countries, habitats, plant or animal host, and one reference at
least (usually that of the first record). In a number of cases, a second table includes a list
and similar information for the species considered as alien 7z Europe; i.e. spreading to
new countries within Europe, especially for species of Mediterranean origin recorded in
more northern areas and species of continental Europe which have colonized islands. We
did not provide such tables systematically. Indeed, it was difficult to ascertain for a lot of
these species whether they have been introduced in other parts of Europe through direct
or indirect human activity - and thus meet our definition of aliens (see Chapter I) - or
they are naturally expanding, e.g. with global warming, or even if their native distribu-
tion range was incompletely known before their “discovery’ in these new areas.

The geographic range covered in this book is primarily Europe in geographic sense,
with the main Mediterranean islands and archipelagos (Balearic Islands, Corsica, Sar-
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dinia, Sicily, Malta, Crete, and the Ionian, North Aegean and South Aegean islands)
and those of the North Sea (Aland, Svalbard) which are considered separately from the
associated continental countries. Ireland was considered as a single biogeographic en-
tity (i.e., Republic of Ireland plus Northern Ireland). Because of their possible impor-
tance as a first step for the invasion of continental Europe, the islands of the Altantic
Ocean (Madeira, the Canary Islands, The Azores Archipelgao), were also included in
the analysis but they may also correspond to a source of aliens of Macaronesian origin
colonizing the European continent.

This substantial work allowed us to figure out the relative importance of the
different taxa of alien arthropods in a standardized fashion to other groups as well as to
compare their respective habitats (Pysek et al. 2009), and environmental and economic
impacts (Vild et al. 2009). The present chapter presents the most important patterns
exhibited by the terrestrial arthropods alien 70 Europe.

2.2 Taxonomy of arthropods alien to Europe

Alien terrestrial arthropods represent the second most numerous group of organisms
introduced to Europe (Roques et al. 2009). A total of 1364 species originating from
other continents have established so far, to which we add 226 more or less cosmopoli-
tan species of uncertain origin (cryptogenic) for a total of 1590 species. Insects largely
dominate this list, accounting for more than 87%, far in excess of mites (6.4%) (Fig-
ure 2.1). These alien species are dispersed across 33 taxonomic orders, including two
orders of crustaceans, 10 of myriapods (three of chilopods, five of diplopods, one of
pauropods and one of Symphyla), four of mites, one of arachnids, and 16 of insects.
However, the relative importance of each order is highly variable (Figure 2.2). Three of
the insect orders, namely Coleoptera, Hemiptera and Hymenoptera, overall account
for nearly 65 % of total alien arthropods, representing 25.0%, 20.0% and 18.7%,
respectively. The number of alien Hymenoptera established in Europe is thus much
higher than previously considered (Daisie 2009). Diptera (6.2 %), Lepidoptera (6.1
%) Thysanoptera (3.3 %) and Psocoptera (3.1 %) have much lower importance as do
Prostigmata mites (4.9 %- see Chapter 7.4) and Aranea (3.0 %), the only non-insect
orders to exhibit more than 45 alien species. The other orders are anecdotal. It should
be noted that some orders show no alien species whereas there are important compo-
nents of the native fauna such as Trichoptera. More generally, at the order level, the
taxonomic composition of the alien fauna significantly differs from that of the native
European arthropod fauna. Calculations done on insects have revealed that establish-
ment patterns differ between orders (Roques et al. 2009). Hemiptera are nearly three
times better represented in the alien fauna than in the native fauna (20.0% vs. 8.0%).
The alien entomofauna also includes proportionally more thrips (3.3 vs 0.6%), psocids
(3.1 vs. 0.3%) and cockroaches (1.1 vs. 0.2%) than the native fauna, but much fewer
dipterans (6.2 vs. 21%) and hymenopterans (18.7 vs. 25%). Differences are less pro-
nounced for Coleoptera (25.0 vs. 30.0%) and Lepidoptera (6.1 vs. 10%).
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Figure 2.1. Relative importance of the different phyla in the 1590 species of arthropods alien to Europe.
Species of ascertained exotic origin and cryptogenic species are presented separately. The number to the
right of each bar indicates the total number of alien species observed per phylum.

The alien fauna seems to be highly diverse with a total of 257 families involved.
However, only 38 of these families contribute 10 and more alien species, while 11 fam-
ilies more than 30 species (Figure 2.3). These 11 families mostly include hemipterans
comprising aphids (Aphididae with the highest number of alien species - 102 spp.) and
scales (Diaspididae and Pseudococcidae), as well as hymenopteran chalcids used for
biological control such as Aphelinidae (63 spp.) and Encyrtidae (55 spp.), mites (Erio-
phyidae), and thrips (Thripidae). All of these except snout beetles (Curculionidae) and
ants (Formicidae) are tiny arthropods. Noticeably, whilst these families dominate the
alien fauna of arthropods, they are less intercepted by the phytosanitary quarantine
services at European borders. A comparison done by Roques (2010) between intercep-
tions and establishments of alien species in Europe during the period 1995 — 2005 for
the alien insects and mites associated with woody plants in Europe has revealed that
the major families of invaders were largely undetected (e.g. aphids, midges, scales, leaf-
hoppers and psyllids). In contrast, the groups which were predominantly intercepted
(e.g. long-horned and bark-beetles), actually made little contribution to the estab-
lished alien entomofauna. Similar results were obtained at country level for Austria, the
Czech Republic, and Switzerland (Kenis et al. 2007).

For a number of families, the arrival of alien species has significantly modified the
composition of the fauna presently observed in Europe. First, a total of 30 families had
no representatives in Europe before the arrival of aliens. These include seven families
of myriapods (Henicopiidae - 5 spp., Haplodesmidae, Rhinicricidae, Oryidae, Sipho-
notidae, Oniscodesmidae, Pseudospirobolellidae, Spirobolellidae, Trigoniulidae - 1 sp.
each), four mite families (Listrophoridae - 4 spp., Myocoptidae, Pyroglyphidae and
Varroidae - 1 sp. each), and one spider family (Sicariidae - 2 spp.). For insects, no
native species existed for three alien families of psocids (Lepidopsocidae - 5 spp., Psyl-
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Figure 2.2. Relative importance of the different taxonomic orders in the 1590 species of arthropods alien
to Europe. Species of ascertained exotic origin and cryptogenic species are summed. The number to the
right of each bar indicates the total number of alien species observed per order.

lopsocidae - 5 spp., and Psoquillidae - 3 spp.), three lice families (Gliricolidae - 2 spp.,
Gyropidae and Trimenopidae - 1 sp. each), two Blattodea families (Blaberidae - 10
spp., and Blattidae - 6 spp.), two scale families (Phoenicococcidae and Dactylopiidae -
1 sp. each), two beetles families (Ptylodactylidae or little ash beetles - 2 spp. and Acan-
thonemidae or toe-winged beetles - 1 sp.), one lepidopteran family (Castniidae - 1 sp.,
the palm moth Paysandisia archon (Burmister)), one Phasmatodea family (Phasmatidae
- 4 spp.), one family of Hemiptera Auchenorrhnycha (Acanaloniidae - 1 spp.), and one
thrips family (Merothripidae - 1 sp.).
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In some other families, alien species could be over-represented. This is especially
true for scales, where aliens now represent nearly half of the total Diaspididae fauna ob-
served in Europe (60 out of 130 species - 44.6 %), a third of the Coccidae fauna (23 out
of 70 species - 32.3 %), and a fourth of the Pseudococcidae fauna (37 out of 141 species
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- 25.7 %). Similar high proportions of aliens are observed for psocids (Pachytroctidae
- 66.7%, Ectopsocidae - 57%, and Liposcelidae - 26.4 %), hemipterans (Aleyrodidae
- 39.1 % and Adelgidae - 36.0 %), hymenopterans (Agaonidae - 40.0 %, Aphelinii-
dae 24.2 %, and Siricidae - 23.8%), and saturnid lepidopterans (30.0 %). Even if the
relative proportions are lower, the arrival of a large number of alien species has also
largely modified the faunal taxonomic structure in dermestid beetles (21.9 % of aliens),
tetranychid mites (15.1 %), drosophilid flies (14.8 %), and encyrtid chalcids (7.2 %).

2.3 Temporal trends of arrival in Europe of alien arthropods

Some alien arthropods were introduced to Europe long ago accompanying human
movements. For instance, a number of ectoparasites of humans and early-domesticated
animals such the head louse (Pediculus capitis De Geer), the crab louse (Phtirus pubis
(L.)), the cat flea (Crenocephalides felis felis (Bouché)), the rat flea (Xenopsylla cheopis
(Rothschild)) or the human flea (Pulex irritans L). are probably allochtonous in Europe,
having arrived in ancient times with their hosts (Mey 1988; Beaucournu and Launay,
1990). Thus, Pulex irritans was shown to have been present in Europe since the Bronze
Age at least, having been found in remains of lake dwellings in the French Jura, dating
back to 3100 B.C. (Yvinec et al. 2000). Fragments of insects related to stored products
were also found in Roman and Viking graves (e.g., Sitophilus granarius; Levinson and
Levinson 1994). However, unlike plants and other animal groups, a clear identification
of the archaeozoans* has appeared difficult for arthropods. Therefore, we only qualified
as aliens the neozoan™ species, i.e. those having likely been introduced after 1500.

The introduction of alien arthropods is usually accidental, the release of biological
control agents remaining limited, as well as the escape of arthropod ‘pets’ from captiv-
ity (see Chapter 3). Thus, the introduction phase is rarely observed and pathways of
introduction are poorly known. Consequently, an alien arthropod is usually discovered
when it is already established, spreading and causing damage. The precise date of ar-
rival in Europe is not known for most species. Even conspicuous species, such as the
Asian long-horned beetle, Anoplophora glabripennis (Motschulsky), have been reported
with a delay of at least 3—5 years since establishment (Herard et al. 2006). However,
taking into account these caveats, the date of first record in Europe- the single temporal
datapoint usually obtainable- may be used as a proxy for the date of first arrival.

The date of first record in Europe, relying on published papers, could be obtained
for 1421 of the 1590 alien species (89.4%). The number of new records per year ap-
pears to have increased exponentially since the 16" century, but a significant accelera-
tion was observed during the second half of the 20™ century (Figure 2.4a). As a prob-
able result of globalization, this trend is still increasing with an average of 19.6 alien
species newly reported per year in Europe between 2000 and 2008; i.e., a value nearly
double the 10.9 species that were observed per year during the period 1950- 1974.

In order to understand better this process, we decompose the values according to
the feeding regime of the alien species (Figure 2.4b). Fluctuations in the number of
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total arthropods newly arriving per year in Europe appear to be strongly dependent on
the increasing arrival of phytophagous species, especially during the last ten years. In
contrast, the number of detritivores and parasitoids/ predators has appeared to decrease
during this last decade, and contributed much less to the overall increase, whereas these
three feeding guilds had contributed more or less equally during the first half of the 20*
century. After the period 1950- 2000 when alien parasitoids and predators markedly
increased probably in relation with the wave of releases of biological control agents, the
explosion of ornamental trade since the 1990s is likely to have triggered the arrival of
alien phytophagous arthropods, as has been shown for insects related to woody plants
(Roques 2010). Specific analyses per taxa have confirmed these tendencies. Whereas
the arrival of mites (see Figure 7.4.2), scales (see Figure 9.3.2.), flies (see Figure 10.2) or
lepidopterans (see Figure 11.2), which are mainly phytophagous groups, has revealed a
similar acceleration in the number of newly recorded aliens during the last period, no
such trend has been observed for the parasitic lice and fleas (see Chapter 13.4), nor for
the detritivorous Blattodea (see Chapter 13.3).

2.4 Biogeographic patterns of arthropod species alien to Europe

Origin of the species alien to Europe

A precise region of origin was ascertained for 1271 species (79.9%) of the 1590 al-
ien arthropod species, while 93 species were only known to be native to tropical or
subtropical regions. The remaining 226 cryptogenic invertebrates are mostly cosmo-
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politan species for which there is no agreement regarding their area of origin. This is
particularly true for stored products pests and for some ectoparasites on cattle and
pets that occur on other continents. A few other cryptogenic species have appeared in
Europe without having been detected elsewhere. However, data on their phylogeog-
raphy, population ecology, parasitoids and dispersal biology strongly suggest that they
originate from another continent. The horse-chestnut leaf miner, Cameraria ohridella,
is illustrative of the difficulty in identifying the native range of such species. Whereas
this leaf miner was previously considered as an extra- European alien, recent genetic
studies indicate that it originates from the southern Balkans (Valade et al. 2009).

Asia has supplied the major part of the alien arthropods occurring in Europe (26.7
%) followed by North America (21.9%) (Figure 2.5). Analysing specifically insect data
per time unit has revealed that the relative contribution of Asia and North America was
stable over time (Roques et al. 2009). During the periods 1950-1989 and 1990-2007,
29% and 21% of the established insects were of Asian and North American origin
respectively. The contribution of tropical and subtropical areas is surprisingly impor-
tant. The overall contribution of species from Australasia, Africa, Central and South
America in combination with species of undefined tropical areas represents 37% of
all alien insects in Europe. While we agree that insect species coming from these areas
are not just native to tropical ecosystems, this proportion is nevertheless outstanding.

Unlike the temporal trends, the regions of origin do not differ significantly be-
tween feeding regimes. Asia is the main region of origin for alien phytophages, para-
sitoids/ predators and detrivorous species although a bit less important for the latter
group (Figure 2.5).

Tropical Tropical
South America 8% ] 307':" America 5% Africa
10.6% 7 -
Total arthropods Parasitic/ predator species
North America
North America Asia 202.9%
21.9% 2%.7% Asia
27.9%
Australasia Australasia
63% 5.4%
Tropical . "
b !
South America  5.3% na v Africa
123% ¢ ’ 13.4%
South America
Phytophagous species lo.7% Detrivorous species
Asia -
i
North America - 17.6%
26.7% North America
93%
Australasia Australasia
55% 9.3%

Figure 2.5. Region of origin of the 1590 arthropod species alien f0 Europe. Total arthropods and break-
down per feeding regime are presented. Percentages of the total per category are shown under each region.
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However, a comparison of the native range of species from the different orders
revealed significant differences (y,= 388.26; P=0.0000). Most mites (51.5% - see Fig-
ure 7.4.3), hymenopterans (32.3 % - see Figure 12.3), and dipterans (30.6 %- see
Figure 10.3) have arrived from North America whilst 37.2 % of lepidopterans (see
Figure 11.3) and 31.5 % of hemipterans have originated from Asia. Coleoptera have
come from various regions, including a significant component from Australasia (9.5%)
mostly linked to the introduction of Eucalyptus and Acacia spp. in the Mediterranean
regions of Europe. Coleoptera also represent a large proportion of the cosmopolitan
stored product pests that are predominantly of tropical or subtropical origin.

Patterns of spread

Once established, most alien species have not spread throughout Europe, at least yet.
We used the presence in a country as a proxy of the invaded range because it appeared
impossible to get sufficient data for a quantitative assessment of this invaded range area
for most alien species. A total of 694 species (i.e., 43.6 %) have not invaded more than
one country/ island additional to the one where they arrived, and 63.6 % are present
only in five European countries (Figure 2.6). Less than 1% (12 out of 1590) of the
alien arthropods are present in more than 40 countries; among these are the melon and
cotton aphid, Aphis gossypii Glover, and several beetles associated with stored products
especially seed bruchids (e.g.,. Callosobruchus chinensis (L)). Detritivorous species ap-
peared to have dispersed significantly more (8.5+0.5 countries) than phytophagous
species (7.120.3) and parasitoids/ predators (5.5+0.3) (Krsukall-Wallis test. F
10.97; P=0.0000).
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Figure 2.6. Geographic spread of the arthropod species alien to Europe expressed as the number of

countries colonized by these species and their frequency.
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Large differences also exist between European countries in the total number of
alien arthropods recorded per country (Figure 2.7 and 2.8). Italy (700 species) and
France (690 species), followed by Great Britain (533 species), host many more spe-
cies than other countries. The same ranking is obtained when the number of alien
species per km? is considered. Differences in sampling effort may have affected the
analyses. However, the number of alien insects is significantly and positively corre-
lated with country surface area (r= 0.3621; P= 0.0384). More westerly countries and
islands appear in general relatively more colonized. The number of alien species signifi-
cantly decreases with the longitude of the countries’ centroids (r= -0.6988; P= 0.0038)
whereas latitude does not seem to have a significant influence (r=-0.378; P= 0.168).
Islands also host proportionally more alien species than continental countries relative
to their size (Kruskall-Wallis test on the number of alien species per km?; FL53 = 6.20;
P=0.0160) but this is independent of the coast length (r= 0.174; P= 0.384). In conti-
nental countries, bordering the sea does not influence the number of alien insect spe-
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cies (P=0.6404). In addition, the country or island where a species was first recorded in
Europe has been identified for 1399 species out of the 1590 alien arthropods (Figure
2.8). The same country ranking was obtained as for the total number of arthropods
present per country. Indeed, there is significant correlation (r= 0.8745; P=0.0000)
between the two values.

However, much stronger correlations exist between the number of alien arthro-
pods in a country and the total volume of merchandise imports of the country (r=
0.875; P=0.0000), the density of the road network (r= 7578; P= 0.0001), and the size
of the human population (r= 0.5918; P= 0.0047). These results confirm the decisive
importance of socioeconomic and demographic drivers in arthropod invasion.
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Abstract

This chapter reviews the pathways and vectors of the terrestrial alien arthropod species in Europe accord-
ing to the DAISIE-database. The majority of species (1341 spp., 86%) were introduced unintentionally,
whereas 218 species (14%) were introduced intentionally, almost all of these for biological control pur-
poses. The horticultural/ornamental-pathway is by far the most important (468 spp., 29%), followed by
unintentional escapees (e.g., from greenhouses, 204 spp., 13%), stored product pests (201 spp., 12%),
stowaways (95 spp., 6%), forest and crop pests (90 spp. and 70 spp., 6% and 4%). For 431 species (27%),
the pathway is unknown. The unaided pathway, describing leading-edge dispersal of an alien species to a
new region from a donor region where it is also alien, is expected to be common for arthropods in conti-
nental Europe, although not precisely documented in the data. Selected examples are given for each path-
way. The spatiotemporal signal in the relevance of pathways and vectors and implications for alien species
management and policy options are also discussed. Identifying and tackling pathways is considered an
important component of any strategy to reduce propagule pressure of the often small and unintentionally
translocated, mega-diverse arthropods. This requires coordination and clear responsibilities for all sectors
involved in policy development and for all associated stake-holders.
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3.1 Introduction

To become an alien species, boundaries of natural distribution ranges must be over-
come with the help of man-made structures, goods and services. These activities
and purposes are the pathways of invasions. A plethora of vectors, which are the
agents of these translocations, is available to break new grounds and reach new
areas. Interestingly, there is no common understanding in this separation in the
biological invasion literature (e.g. Ruiz and Carlton 2003, Carlton and Ruiz 2005,
Nentwig 2007, Hulme et al. 2008). In this overview, however, pathways are under-
stood as the routes (including motivations to use them) and vectors as the physi-
cal objects (ships, plants etc) that carry species along. Several attempts to further
classify pathways and vectors are available (e.g. Carlton and Ruiz 2005), but here
I follow Hulme et al. (2008), who identified six principal pathways for biological
invasions (Table 3.1). Only one of these is founded by intentional motivations, that
is the deliberate release of organisms, with biological control as the most impor-
tant example. The others are utilised unintentionally, accidentally and may come
from any direction. These are escapes from contained environments and captivity;
contaminants of commodities; stowaways, transported as hitch-hikers with vehicles
and cargo; corridors, where transport infrastructure enables the spread of a species;
and the unaided pathway, where an alien species conquers a nearby region under
its own dispersal capacity. Evidently, these different pathways have major implica-
tions for risk assessment, regulations, management and control (Hulme et al. 2008,
Hulme 2009).

Human-mediated translocations differ from natural dispersal by orders of magni-
tude both quantitatively and qualitatively as can be seen by island colonization rates
(e.g. Gillespie and Roderick 2002, Gaston et al. 2003) and genetic consequences (e.g.
Wilson et al. 2009). Also, the origin of the source differs as natural colonization usually
happens from adjacent populations, whereas translocated individuals may come from
all over the world.

In the DAISIE-database, three levels of pathways, are distinguished. At the
first level, intentional and unintentional ambitions are classified. At the second
level, pathways are identified, except that the contaminant, stowaway and corri-
dor pathways are summarized as “transport”. At the third level, these are further
specified into broad categories (e.g. biological control, crops, horticultural/orna-
mental, forestry, stored products). In addition, at the second and third level, the
category “unknown” is also used and assigned to 392 and 431 species, respectively
(25-27%). This is a similar contingent as for the exotic insects in Japan (24%, Ki-
ritani and Yamamura 2003). Introductions of species are not necessarily restricted
to one pathway; many species can be considered “polyvectic” (Carlton and Ruiz
2005), transported by more than one pathway or multiple vectors. Accordingly,
some species in the DAISIE-database were assigned to more than one pathway/
vector. Furthermore, it has to be said very clearly that many assignments were only
“best guess” or “most likely” assessments, deduced from the preferred habitats, food
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Table 3.1. Pathway terminology and examples of vectors of terrestrial alien arthropod species in Europe.

Pathway Motivation Vectors Examples

Release Intentional None Biological control

Escape Unintentional | None Greenhouses

Contaminant | Unintentional | Food sources, ornamentals, Stored product pests, Wood-borers,
vegetables, fruits, wood, Leaf-miners, Gall-producers,
animals, ... Endoparasites

Stowaway Unintentional | Any cargo Ants, Cockroaches

Corridor Unintentional | Ships, cars Cameraria obridella

Unaided Unintentional | None Secondary spread from point of

entry

plants or ecology, because the intimate pathway/vector of many arthropod species
often remains ambiguous.

In this chapter, pathways and vectors of the terrestrial alien arthropods in Europe
are reviewed, with the few alien aquatic insects included, but excluding other freshwa-
ter alien arthropods such as crayfish species. There are a multitude of further pathways
relevant for the marine and freshwater environments (e.g. ballast water, hull-fouling)
and for other organisms such as vascular plants and vertebrates (e.g. seed contamina-
tion, hunting, pets) (e.g. Garcia-Berthou et al. 2005, Galil et al. 2009, Genovesi et
al. 2009).

3.2. Intentional release

With few exceptions, terrestrial arthropods are not intentionally imported. Such ex-
ceptions are grasshoppers and crickets as pet food and — more significantly — domesti-
cated honeybees (Apis mellifera) of different provenances (subspecies), which are used
for breeding, with the aim of producing higher honey yields (Jensen et al. 2005, Moritz
et al. 2005). The same is true for the bumblebee subspecies used for pollination in
greenhouses (e.g., Bombus terrestris dalmatinus in the UK, Ings et al. 2000).

At the end of the 19" century, two saturniid moths, Samia cynthia and Antheraea
yamamai, were introduced from Asia for silk production, but yields was not profitable
enough for this to be continued. Both species persist locally in the wild in Europe
with most populations being initiated by escapes or releases by amateur lepidoptera-
breeders.

Intentional releases for human food consumption are more prevalent for organisms
such as molluscs, fish and aquatic Crustacea (oysters, snails, crayfish, crabs), which are
not included in this book. Also, there are no “game insects”, and only a few pets. Fur-
ther, there are no introductions of arthropods for aesthetic or conservation purposes
(but see further below), a major pathway for other animal groups around the globe
(e.g. Nentwig 2007). In the DAISIE-database, 218 species (14%) were introduced
intentionally, almost all of these for biological control purposes (Table 3.2).
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Table. 3.2. Pathways of the alien arthropod species in Europe, according to the DAISIE-database. Due
to double entries the sum differs.

Pathway Number of species (%)
Intentional 218 (14%)

Released 175 (11%)
Unintentional 1341 (86%)

Animal husbandry 42 (2.6%)
Greenhouse escapees 204 (13%)
Crops 70 (4.3%)
Forestry 90 (5.6%)
Horticultural/Ornamental 468 (29%)
Leisure 13 (0.8%)
Stored products 201 (12%)
Stowaways 95 (5.9%)
Unknown 431 (27%)

3.2.1. Biological control: Ecology vs Economy

The most important pathway for deliberate release of terrestrial alien arthropods is
biological control (BC). There has been some controversy about the pros and cons of
this technique to control pest organisms (e.g. Howarth 1991, van Lenteren et al. 20006,
Babendreier 2007, Murphy and Evans 2009). Whereas non-target effects are consid-
ered problematic by conservationists, these are often considered acceptable from an
economic point of view. Hence, the underlying basic assumptions and intentions for
this controversy are entirely different and comparisons awkward.

BC makes use of the “enemy-release” of introduced organisms, which are disbur-
dened from their natural predators or parasites and boom in the new range. Subse-
quently, mass-reared releases of those enemies from the original area are conducted,
aiming at permanent establishment and control of the pest organisms below damaging
thresholds. Not particularly from a “pathway point-of-view”, but from a general as-
sessment of non-target effects, it is useful to distinguish between this classical BC and
augmentative BC, where control is achieved by periodic releases without permanent
establishment intended. Similarly, flightless strains of H. axyridis were released in the
Czech Republic in 2003 to control for aphids with the goal of no further unaided
spread (Brown et al. 2008).

In Europe, there are both success-stories and failures to report from intentional
releases, with the former prevailing (e.g. Encarsia formosa used against whiteflies in
greenhouses; Trichogramma brassicae, an “alien in Europe” used against European corn
borer Ostrinia nubilalis; Aphelinus mali from North America used against the Woolly
apple aphid Eriosoma lanigerum).

Occasionally, released enemies are aliens from other regions than their targets. In
Europe, for example, the San Jose scale Diaspidiotus perniciosus, described from Califor-
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nia, but introduced with infested trees or fruits from Asia, is considered a pest in com-
mercial fruit orchards causing economic losses due to reduced yields. Negative effects are
mitigated by application of Neem and other oils, but also by release of the North Ameri-
can parasitoid wasp Encarsia perniciosi, which is used for control in North America.

In general, however, the application of BC has been of subordinate relevance in
Europe, compared to other regions of the world. The same is true for the application
of other technologies where arthropods are released (SIT — Sterile Insect Technique;
RIDL — Release of Insects carrying a Dominant Lethal), which may be applied to con-
trol alien agricultural pests and mosquitos (Thomas et al. 2000, Alphey et al. 2009).

Ex-situ conservation or reintroduction programmes in insects are still rare, but they
do occur for some native species in Europe (butterflies in the UK: Oates and Warren
1990; Erebia epiphron in the Czech Republic: Schmitt et al. 2005; Gryllus campestris
in the UK and Germany: Witzenberger and Hochkirch 2008). Recently, controversial
discussions on assisted colonization have emerged in the context of protecting species
from climate change by translocating and releasing them beyond their current range
limits (e.g. Hoegh-Guldberg et al. 2008, Ricciardi and Simberloff 2009).

3.3. Unintentional release

The unintentional translocation of species is the most common pathway for alien ar-
thropod species invasions into Europe (86% of the species, Table 3.2).

3.3.1. Escapes: Out of the Green

Arthropods are infrequently domesticated, reared and used as pets, although examples
of tropical species do exist (e.g. tarantulas, walking sticks and leaves, leaf-cutting ants,
millipedes). Establishment in the wild in Europe is highly unlikely for such species,
even under severe climate change scenarios. However, escapes from captivity do regu-
larly occur, although they are rarely noticed and published. Insects reared as living food
for vertebrate pets (e.g. crickets, grasshoppers, mealworms) seem to be of limited signif-
icance, whereas pests and insects used for biological control in semi-contained environ-
ments, particularly greenhouses, are of much greater importance. Greenhouses are not
escape-proof facilities for insects as confirmed by surveys in the areas surrounding such
buildings (e.g. Vierbergen 2001, Aukema and Loomans 2005). Well-known examples
include the Western Flower Thrips Frankliniella occidentalis, the Cotton Aphid Aphis
gossypii, and the Cotton Whitefly Bemisia tabaci, all of which reproduce in the field in
southern Europe but are restricted to greenhouses in western, central, or northern Eu-
rope. Serving as stepping stones, it is expected that some future invaders in Europe will
be recruited out of this pool of species, particularly if climate warms as predicted. In the
DAISIE-database, more than 200 arthropod species are listed as living in greenhouses.



32 Wolfgang Rabitsch / BioRisk 4(1): 27-43 (2010)

One of the most famous stories of a greenhouse escapee is the Multicoloured Asian
lady beetle or Harlequin ladybird Harmonia axyridis, termed the “most-invasive la-
dybird on Earth” (Roy et al. 2006). This large coccinellid beetle, native to East-Asia,
was introduced to North America and Europe for aphid control in greenhouses, but
escaped into the wild. It is a highly competitive intra-guild predator reducing and dis-
placing native coccinellid species and other members of the aphid-feeding guild (Roy
and Wajnberg 2008). Its subsequent unaided spread across much over Europe within
just a few years (Brown et al. 2008) highlights the capacity of invasive alien species to
successfully conquer naive environments.

3.3.2. Contaminant: Going for a ride?

The contaminant pathway describes the unintentional transport of species within or on
a specific commodity, contrary to stowaways, which are accidentally associated with any
commodity. Stored product pests, for example, are translocated with the movements
of the products and many species have subsequently achieved a cosmopolitan distribu-
tion. In Europe, 201 alien insect species (12%) were introduced as stored product pests,
feeding on a variety of food sources (e.g. cereals, rice, seeds, nuts, fruits) with consider-
able economic damage, including species which are likely to have been introduced by
human activities in neolithic or pre-Christian centuries, e.g. Sitophilus granarius and
Oryzaephilus surinamensis (Levinson and Levinson 1994). In Europe and temperate
regions in general, care of stored products achieves higher protection levels than in sub-
tropical and tropical areas, where up to 10% of weight loss may occur, representing loss
of nutritional quality, with associated impacts on human welfare (Rees 2004).

Other pest species are strictly associated with the exchange or trade of their host
plants (e.g. ampelophagous species feeding exclusively on grapevines - Viteus vitifoliae,
Scaphoideus titanus; species feeding exclusively on palms - Rhynchophorus ferrugineus,
Diocalandra frumentii; monophagous leaf-miners and gall-producers - Parectopa rob-
iniella, Phyllonorycter robiniella, Dryocosmus kuriphilus) and therefore directly related
to these vectors.

Other examples include phytophagous species translocated with ornamentals or
horticultural host plants (e.g. scales and aphids) and xylophagous bark- and wood-
infesting insects, above all beetle larvae, feeding in living trees. One of the best known
examples is the Citrus longhorned beetle Anoplophora chinensis, which has repeatedly
been reported infesting Bonsais imported from China. Larvae of A. chinensis and
more often of the Asian longhorned beetle Anoplophora glabripennis were also inter-
cepted with wood packaging material (see Haack et al. 2010 for a review). Recogniz-
ing the relevance of this vector enforced adoption of the International Standard for
Phytosanitary Measures No. 15, which sets standards for thermal and chemical treat-
ment of wood packaging material used for international trade. Although now found
in lower numbers, living beetles are still being intercepted, indicating some gaps in
this procedure.
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Roques (2010) assembled examples of the possible introduction of alien insects
during major international events such as the 2004 Olympic Games in Athens, where
imported palm trees were widely planted and coincided with the first arrival of the red
palm weevil Rhynchophorus ferrugineus.

The most striking example of contamination is associated with the introduction of
the Potato (Colorado) beetle, Leptinotarsa decemlineata, to Europe. Spanish conquis-
tadors in the 16™ century brought the potato plant from South America to Europe,
although it was not appraised as a human food source until the mid-17* century. After
a severe decline of potato cultivation in Ireland in 1845-1857, caused by the intro-
duced potato blight fungi Phyrophthora infestans, emigrants brought the plant to North
America, where the beetle exploited the new host plant. Between 1876 and 1922, the
beetle was subsequently introduced into Europe on several occasions, not being able
to establish in European potato fields until 1922, when it succeeded in France. The
beetle has since spread east throughout Europe and Asia, reaching China in the 1980s
(Alyokhin 2009). It should also be noted that the Colorado beetle was involved in
propaganda to defame Great Britain and the United States of America during World
War II and the Cold War.

Kenis et al. (2007) found that the majority of alien insects for Austria and Swit-
zerland were contaminants and stowaways, with, in decreasing order, host plants
(40% of which on ornamentals and 20% on vegetables and fruits), stored products
and wood material as the main sources. Similar results were obtained with intercep-
tions documented by EPPO between 1995 and 2004 (Roques and Auger-Rozenberg
2006). Altogether, introductions of arthropods with ornamental and horticultural
plants and plant material, cut flowers, vegetables, and fruits, clearly preponderate in
the DAISIE-data (29%, Table 3. 2). It is self-evident that there is a taxonomic bias
with the type of commodity. For example, plant-feeding species (e.g. aphids, scales)
are closely associated with ornamental plants, whereas wood-boring species (e.g. sco-
lytids, cerambycids) are linked to living and dead wood imports. A rather uncommon
invasion history pertains to the inadvertent introduction of the nearctic waterboat-
man Trichocorixa verticalis into Portugal and Spain. It is likely to have happened with
the import and release of Eastern Mosquitofish Gambusia holbrooki for mosquito
control (Sala and Boix 2005).

Living organisms as well as commodities can be contaminated. For example, many
haematophagous alien arthropod species (e.g. Culicidae, Siphonaptera, Phthiraptera,
Ixodidae) host parasites and pathogens and serve as reservoir, carriers or biovectors of
human and animal infectious diseases. Moreover, phytophagous alien arthropod spe-
cies (e.g. Hemiptera) may transmit plant pathogens (e.g. phytoplasmas, viruses).

Several examples are associated with beekeeping. Both endoparasites (the tracheal
mite Acarapis woodi) and ectoparasites (the notorious Varroa-mite Varroa destructor),
inquiline scavengers (the Small Hive Beetle Aethina tumida, captured only once in
Europe and eradicated in quarantine in Portugal), and bacterial and fungal diseases
(chalkbrood, foulbrood, nosemosis) are exchanged throughout the globe through hon-
eybee imports (e.g. Sammataro et al. 2000, Coffey 2007).
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The ultimate agent of Colony Collapse Disorder (CCD) known from North
America, Europe and Asia is still under debate (e.g. Ratnieks and Carreck 2010) and it
may well be a multi-triggered phenomenon, which causes the complete disappearance
of adult worker bees of a colony. Beside environmental causes (e.g. pesticides), several
diseases and pathogens are suspected to contribute or elicit CCD, e.g. Nosema ceranae,

a microsporidian native to Asia and suspected to have host-switched to the European
honeybee (Klee et al. 2007, Higes et al. 2009).

3.3.3. Stowaways: Where do you want to go today?

Stowaways are unintentionally introduced organisms that are related to transport in-
frastructure and vehicles, but independent of the type of commodity. Translocation
with ballast water or soil movement are typical examples. In terrestrial environments,
any cargo transported by air, water or land has the potential to move species beyond
their natural range and habitat boundaries. Several cockroach species, e.g. Blatta ori-
entalis and Periplaneta americana, are typical stowaways, having been translocated
worldwide. Kiritani and Yamamura (2003) argued that passenger hand luggage arriv-
ing in airplanes to Japan may contain one consignment infested by fruit flies each day.
Roughly two thirds of the intercepted pest species at US ports of entry between 1984
and 2000 were associated with baggage, and a further 30% with cargo (McCullough
etal. 2006). However, to a certain extent, the separation between the contaminant and
the stowaway pathway is ambiguous or not mutually exclusive.

Roques et al. (2009) cites the Asian tiger mosquito Aedes albopictus as an example
of the stowaway pathway, this species being translocated as eggs and larvae within any
small amount of standing water. Water within used tyres or ornamental plants (lucky
bamboo Dracaena spp.) is a cause of the trans-continental introduction of A. albopic-
tus to Europe, North America, Africa and Australia (e.g. Reiter 1998). Short-distance
dispersal seems to be limited to passive transport by cars and trucks, or movement of
infested tyres and plants (Scholte and Schaffner 2007). Establishment in other parts of
Europe is very likely within the next decades, supported by climate change (Schaffner
et al. 2009). Aedes albopictus is a vector of several viruses (e.g. Dengue, Chikungunya,
West Nile) and of increasing relevance for Europe (Scholte and Schaffner 2007, van
der Weijden et al. 2007). The movement of used tyres is also likely to be responsi-
ble for the most recently introduced mosquito species, Ochlerotatus atropalpus, native
to North America and detected in several European countries (France, Italy, Nether-
lands), where it was subsequently eradicated (Scholte et al. 2009).

Many insects are attracted to light and most transport hubs (airports, seaports)
are illuminated during night-times, increasing the probability of translocation with
vehicles after boarding a vector. For example, it is speculated that the attraction to light
facilitates the repeated introduction of adult Diabrotica virgifera with aircrafts from
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North America to Europe, because of regular “first” records of the species in the vicin-
ity of airports. From there the species spreads unaided depending on habitat (maize
fields) availability.

Ants (Formicidae) are among the most invasive organisms globally, particularly
hazardous on oceanic islands (e.g. Holway et al. 2002, Lach and Hooper-Buii 2010).
Entire colonies with gynes and workers may be translocated as stowaways with soil
and litter accompanying ornamental plants, with logs or with other commodities
offering shelter. The majority of introduced ants in the USA have been detected on
plant material (Suarez et al. 2005). Some of the characteristic traits of tramp ants, e.g.
preference for disturbed habitats, polygyny, budding, small body size, support suc-
cessful translocation and subsequent establishment around the globe (e.g. McGlynn
1999). In Europe, the Argentine ant Linepithema humile and the garden ant Lasius
neglectus are currently considered to be of prime importance (see Kenis and Branco,
chapter 5). Whereas the former was introduced as a stowaway with unknown com-
modities to Europe (Madeira and mainland Portugal) in the 19" century (Wetterer et
al. 2009), the origin (likely Asia Minor), pathway and vector (eventually contaminant
of garden soil) and successful secondary spread of the latter are still under debate
(Ugelvig et al. 2008).

Two more examples of Hymenoptera, initially introduced as stowaways, are the
oriental mud dauber Sceliphron curvarum and the Asian hornet Vespa velutina. The
former was introduced in the late 1970s via air cargo from Central Asia to Austria and
produces conspicuous mud nests in which paralysed spiders are provisioned as food
supply for the developing larvae (Schmid-Egger 2004). The latter was only recently
detected in France, probably introduced with pieces of pottery from China (Villemant
et al. 2006). These two species have subsequently spread rapidly, unaided, and may be
of increasing relevance to native sphecids, hornets and honeybees.

3.3.4. Corridors: Like a rolling stone

The corridor pathway highlights the role transport infrastructures play in the intro-
duction of alien species; shipping canals are the most important example. Gilbert et
al. (2004) have shown that the spread of Cameraria obridella in Germany was related
to the highway routes, Pekar (2002) argues that the spread of the spider Zodarion
rubidum was facilitated by the railway system and there is anectodal evidence for
repeated northwards transport of the flightless Southern Oak Bush Cricket (Mecone-
ma meridionale) and the Speckled Bush-Cricket (Leprophyes punctatissima) with cars
along highways from Southern Europe. Although infrastructure networks undoubt-
edly contribute to the distribution of alien terrestrial arthropod species in Europe, it
seems to be of subordinate relevance and is often intermingled with the contaminant/
stowaway pathway.
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3.3.5. Unaided: One day I'll fly away

The unaided pathway describes leading-edge dispersal, that means situations where
spread results in alien species arriving in a new region from a donor region where
it is also alien. This holds true for many alien arthropods occurring in the wild in
Europe, being introduced once and spreading after successful establishment. Several
examples were mentioned in the chapters above, although this is not reflected in the
DAISIE-database (Table 3. 2). Unaided spread often follows initial introduction by
one of the other pathways into Europe, although long-distance dispersal events may
contribute to the distribution patterns and accelerate rates of spread, as shown for
the horse chestnut leafminer Cameraria obridella in Germany and France (Gilbert et
al. 2004, 2005). The chestnut gall wasp Dryocosmus kuriphilus was introduced with
infested plant material from China to Italy and is now spreading unaided to neigh-
bouring countries, but may also bridge larger distances with transport of infested
plant material.

Dispersal capacities of arthropods can be impressively high. The conifer seed bug
Leptoglossus occidentalis and the Harlequin ladybird Harmonia axyridis spread over
much of Europe within just a decade (e.g. Lis et al. 2008, Rabitsch 2008, Brown
et al. 2008) presumably on their own wings. In addition, repeated and independent
introductions from the area of origin and/or secondary introductions from the alien
range over long distances undoubtedly occur, but such events are difficult to prove and
require specific techniques (e.g. molecular biology) (e.g. Diabrotica virgifera— Miller et
al. 2005, Ciosi et al. 2008).

Controversy surrounds the definition of the alien status of species extending their
range due to recent anthropogenic climate change. As long as they utilize the before-
mentioned pathways, e.g. are translocated with vehicles, but then find suitable cli-
mate conditions to establish populations, they should be considered alien. If a species
extends its range unaided, but only colonizes disturbed or secondary habitats under
strong human influence, such species may be considered as alien. Particularly in arthro-
pods, however, it is sometimes difficult or even impossible, to unambiguously identify
the boundaries of the natural range of a species. Historic introductions of today’s cos-
mopolitan species, taxonomic impediment and the lack of recording schemes for most
groups cause a high degree of uncertainty in the delimitation of the native range of
some species. Host plant distribution, habitats, and molecular techniques may serve as
a clue for disentangling factors (e.g. Kavar et al. 2006, Valade et al. 2009).

Unaided dispersal is also often assumed for modelling rates of spread of alien spe-
cies. Liebhold and Tobin (2008) provided examples for the radial rate of spread in
alien insects, which span from 1 to 500 km year™. In Europe, the western flower thrips
Frankliniella occidentalis stays ahead with up to 249 km year” (Kirk and Terry 2003).
However, in many if not most cases, additional pathways including long-distance dis-
persal or at least a combined stratified dispersal need to be taken into account for more
realistic scenarios of spread (e.g. Gilbert et al. 2004 for the horse chestnut leafminer
Cameraria ohridella).
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3.4. Future trends and management

There is no reason to assume a decrease in people’s movements and restrictions in the
transport of goods in the near future. Biological homogenization will tie continents
and biodiversity, increasing species richness locally and decreasing it globally; the rate
of change will be much more rapid than the hypothesised formation of Neopangaca
(Scotese 2001). The ultimate consequences of such a process for the functioning of
ecosystems and their services to mankind are far from being well understood.

There is a spatiotemporal signal in the relevance of pathways and vectors. Whereas
soil was used as ship ballast in earlier days of European colonization (e.g. Vazquez
and Simberloff 2001) this was replaced by ballast water in later years. With the con-
struction of bigger and faster ships, even more organisms were translocated rapidly
and with the advent of aircrafts this rate was yet further accelerated. Fast transit ena-
bles more species to survive transport and subsequently establish successfully in new
regions. In addition, continental, land-locked areas became easily accessible (Mack
2003). Asia has recently gained increasing relevance as a country of export globally
(Roques 2010) and as a donor region of alien species, particularly for insects associ-
ated with woody plants introduced to Europe (Roques et al. 2009). New trends in
the ornamental trade by changed consumer behaviour has created new markets. Only
two decades ago, bonsais were rare in European households, but have become a recent
fashion; sales are increasing in most areas. Generally, the horticultural/ornamental
pathway is of paramount significance for the alien arthropods of Europe (Kenis et al.
2007, Table 3. 2) and there is ample scope for enhancing existing plant protection
services (e.g. by increasing personnel at points of entry) and providing best-practice
guidance to the ornamental trade industry. It has been shown, however, that intercep-
tion and establishment data of alien insects for Europe differ significantly (Kenis et al.
2007, Roques 2010). This discrepancy may eventually be explained by the changed
relevance of pathways and time-lag phenomena (Crooks 2005). In any case, it dem-
onstrates that additional endeavours are necessary to abate undesirable effects on ecol-
ogy and economy.

Import and export of goods follows economic rules and global trade mirrors bio-
logical invasion patterns (e.g. Levine and D’Antonio 2003, Taylor and Irwin 2004,
Kobelt and Nentwig 2008, Westphal et al. 2008, Roques et al. 2009). Chiron et al.
(2009) showed such a pattern for bird introductions on both sides of the “iron curtain”
in Europe and it is expected that a similar pattern will be found for arthropods. How-
ever, information on introduction dates, number of propagules, etc. are usually lacking
for arthropod invasions, so that such analyses are difficult to achieve.

Anthropogenic climate change acts upon several levels of biological invasions (e.g.
Walther et al. 2009, Thomas and Ohlemiiller 2010). It may directly change the real-
ized climatic niche of species, cause habitat shifts (e.g. stepping-stone scenarios) and
range shifts in latitude and altitude. @degaard and Tommerds (2000) showed that
eight out of 25 alien ground-beetle species used compost heaps as stepping-stones
for subsequent establishment in the wild in northern Europe. Global climate change,
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however, may further act indirectly in changing trade and consumer habits, influ-
encing invasion pathways and vectors by creating new opportunities and depleting
traditional routes.

Species-specific eradication plans are a legally binding obligation in the plant
health sector and — to some extent — also in the human and veterinary medical sec-
tors. Regulation and harmonization in Europe, however, lags far behind other regions
(Hunt et al. 2008) and this is even worse for species of environmental concern. Think-
ing of arthropods as a mega-diverse group it is highly likely that numbers and impacts
of alien species will increase worldwide.

For invasive species management, it is pivotal to tackle pathways, especially in
the case of small and unintentionally translocated arthropod species. For example,
Skarpass and @kland (2009) proposed measures of how to reduce introduction risk
of bark beetles with timber imports. Whereas considerable knowledge has been ac-
cumulated for marine pathways, one has to conclude, in agreement with Lockwood
et al. (2007), that surprisingly little information is available on the exact magnitude,
direction and variation of terrestrial pathways. This is especially true for Europe, where
targeted research on invasion pathways should be encouraged. Following identification
of the most important pathways, relevant vectors need to be thoroughly tested for their
likelihood of interception (e.g. quarantine) or disruption (e.g. import ban or special
obligatory and certified treatments) aiming at reducing propagule pressure. There are
different options for action to be taken between maximal prevention at border controls
and free trade. However, it has to be assumed that “vector management serves as a filter
and not as a wall to exotic species” (Carlton and Ruiz 2005: 48).

Anoplophora species provide instructive examples of how obligatory management
actions are dealt with in practice in Europe. The reasonable goal of complete eradica-
tion is hampered by the implementation of national legislations, by costs borne by
individual countries, and repeated introductions as a consequence of the single mar-
ket policy. A united Europe should opt for better coordination, the polluter-pays-
principle, an alien emergency fund, and clear responsibilities. Ultimately, a dedicated
independent agency is necessary to deal effectively with biological invasions in Europe
(Hulme et al. 2009).
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Abstract

More than 65% (1040 species) of arthropod species alien o Europe are associated with human-made
habitats, especially parks and gardens, human settlements and agricultural lands, whereas woodlands are
yet colonized by less than 20% of the alien fauna, which still has a negligible representation in the other
natural and semi-natural habitats. Large differences in habitat affinity are observed between alien taxo-
nomic groups. Phytophagous species are predominant among aliens, representing 47.2% of species alien

to Europe.

Keywords
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4.1 Introduction

The lack of a general assessment on the level of habitat invasion in Europe has up to
now limited the possibilities of evaluating the risks arthropod invaders pose to differ-
ent habitats. Such an assessment is a fundamental component of early detection and
identification of those environments that are more prone to invasion, that will provide
a baseline for optimizing actions to prevent, monitor and control invasion (Pysek et
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al. 2010). For that reason, here we present a synthesis of the data on habitat preference
of terrestrial arthropods alien 70 Europe compiled from chapters 7-13 of this book,
providing an overview of which habitats are most invaded in Europe, and to assess dif-
ferences among alien taxa in terms of habitat affinity.

We compared the numbers of established alien species occurring in 11 Europe-
an habitats defined according to the European Nature Information System, level 1
(EUNIS) (Davies et al. 2004). This standard classification of European habitats has
been chosen as a platform in several different studies on biological invasions in Europe
(Chytry et al. 2008, Daisie 2009, Pysek et al. 2010). In this classification, a ‘habitat’
is defined as ‘a place where plants or animals normally live, characterized primarily by its
physical features (ropography, plant or animal physiognomy, soil characteristics, climate,
water quality, etc.) and secondarily by the species of plants and animals that live there
(Davies et al., 2004). Appendix II presents the different habitat types used throughout
the taxa chapters. For more convenience, our analysis grouped them into the follow-
ing broad categories roughly corresponding to the level I of EUNIS: coastal habitats
(EUNIS class B); wetlands and riparian habitats (C); mires (D); grasslands (E); heath-
lands, hedgerows and shrub plantations (F); woodlands (G); cultivated habitats (I1);
parks and gardens (we grouped the classes 12 and X11, X22, X23, X24, X25); and
urban settlements (J) to which we added a specific code for greenhouses (J100). These
broad categories may not precisely reflect the habitat(s) actually colonized by some
species, but their use standardizes comparisons between very different taxa such as
arthropods, plants and vertebrates.

The habitats in the system adopted here differ considerably in the number of alien
arthropod species they contain. Aliens show a strong affinity for the habitats inten-
sively disturbed by human activities (Figure 4.1.). Considering all established alien
terrestrial arthropods, the highest percentage occurs in parks and gardens (500 out
of the 1590 alien species found in Europe- 31.4%) and in human settlements (31.0
%), whilst slightly less occur in cultivated habitats, which host 29.7% of these alien
species. Altogether, human-made habitats host 65.4% (1040 species) of the fauna of
arthropods alien 70 Europe, most of these species being likely to occur in several differ-
ent habitats. In contrast, less than 10% of the alien species have yet colonized natural
and semi-natural habitats such as wetlands, riparian habitats, grasslands and heath-
lands, and less than 20% occur in woodlands and forests (Figure 4.1). These results
confirm the analysis of Roques et al. (2009) which relied on a lower number of alien
arthropod species. Pysek et al. (2010) also stated that alien plants are mostly found in
human-made, urban or cultivated habitats, unlike vertebrates, which are more evenly
distributed among habitats, the most invaded of which are aquatic and riparian habi-
tats, woodland and cultivated land.

Some habitats are differentially preferred by certain taxonomic groups (Table
4.1). For instance, many alien species are pests of ornamental plants in parks and
gardens. In particular, mites are an important group attacking urban trees, shrubs and
flowering plants. More than 40% of alien mites are observed in this habitat. Similarly,
alien hemipterans, especially aphids, and lepidopterans have colonized parks and gar-
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Figure 4.1. Main European habitats colonized by the 1590 species of terrestrial arthropods alien 7 Eu-
rope. The number over each bar indicates the absolute number of alien species recorded per habitat. Note
that a species may have colonized several habitats.

dens effectively, 78.9% and 56.7% of their species being observed there, respectively
(Table 4.1).

Built-up, industrial and other artificial habitats are invaded to a high degree by
spiders. Indeed, more than 90% of the alien spiders are found in buildings. Psocoptera
is another well-represented group in this habitat with 81.6% of its alien species in Eu-
rope occurring there, as is Phthiraptera (67.7%) and Coleoptera (57.3%), a number
of species of the latter group being associated with stored products. By contrast, alien
Hymenoptera are mostly present in agricultural lands which are colonized by 65.0% of
the alien species in this taxon, probably in relation with the multiple parasitoid releases
that have occurred for biological control purposes. Greenhouses constitute another
important man-made habitat type, which hosts most alien myriapods (64.7%) and
thrips (55.8%).

Why do most introduced terrestrial arthropods apparently stay confined to hu-
man- modified habitats in their alien range of distribution? Several ecological condi-
tions may be considered: i) disturbed urban and semi-urban areas may have a lower
resistance to aliens, especially because of a lower pressure of potential natural enemies
and, for phytophagous aliens, less vigorous host plants; ii) some species may prefer
human-related habitats in their native range and are thus more likely to be carried into
a new area by human transport, than species living in natural environments (Kenis
et al. 2007). For instance, exotic ornamental plants are generally used in man-made
habitats such as nurseries, parks and gardens and roadside plantings and shelter belts.
Most alien phytophagous species introduced alongside these ornamentals remain as yet
strictly associated with their original, exotic host (46.4% in Europe; Roques, 2008).
They have not so far colonized native trees, and thus they develop only in parks and
gardens and in hedgerows where such exotic plants are planted. A striking example
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is that of the horse-chestnut leaf-mining moth Cameraria ohridella, which in its area
of origin, the southern Balkans, lives in mountain ravines, whereas in its introduced
area of Central and Western Europe, preferentially colonizes urban parks and gardens
where its host tree has been extensively planted (Valade et al. 2009).

However, there could be a time-lag between the introduction to human habitats
and adaptation and spread to natural habitats. Therefore, many alien species currently
confined to human-made habitats should be monitored for their potential spread to
natural areas (Roques et al. 2009). For instance, species such as the Asian longhorn
beetles, Anoplophora spp., (Coleoptera, Cerambycidae) have the potential to live in
urban areas, in cultivated lanes (e.g. those planted with poplars) as well as in natural
forests where potential host plants occur. However, dispersal from man-made habitats
to natural forests appears to be a slow process. For the first twenty-two years since its
arrival in North America, A. glabripennis was restricted to trees in urban areas, but in
2008, it was found in natural forests dominated by Acer trees (Haack et al. 2010).

Finally, phytophagous species are predominant among the alien terrestrial arthro-
pods, representing 47.2% (751 of 1590) of alien species to Europe, Parasitoids and
predators only account for 32.6 % (518 spp.) whilst detritivores represent 20.8% (331
spp.)- A few species exhibit several phytophagous guilds, whilst the habits of just 19

species are still unknown.
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Table 4.1. Comparative colonization of European habitats by the different taxonomic groups of terrestrial arthropods alien to Europe.
The total number of established alien species observed in each habitat is figured. A species may have colonized several habitats. The per-
centage of species observed in the habitat with regard to the total number of alien species in the taxonomic group in Europe (last line)
is given between brackets. ‘Polyneoptera’ includes Blattodea, Dermaptera, Isoptera, Orthoptera and Phasmatodea (see Chapter 13.3).
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Abstract

This chapter reviews the effects of alien terrestrial arthropods on the economy, society and environment in
Europe. Many alien insect and mite species cause serious socio-economic hazards as pests of agriculture,
horticulture, stored products and forestry. They may also affect human or animal health. Surprisingly,
there is relatively little information available on the exact yield and financial losses due to alien agricultural
and forestry pests in Europe, particularly at continental scale. Several alien species may have a positive
impact on the economy, for example parasitoids and predators introduced for the biological control of
important pests. Invasive alien arthropods can also cause environmental hazards. They may affect native
biodiversity through various mechanisms, including herbivory, predation, parasitism, competition for
resource and space, or as vectors of diseases. They can also affect ecosystem services and processes through
cascading effects. However, these ecological impacts are poorly studied, particularly in Europe, where only
a handful cases have been reported.

Keywords
Biological invasions, economic impact, environmental impact, alien arthropods

5.1. Introduction

Alien insects and other terrestrial arthropods are among the most numerous invaders
worldwide. In Europe alone, the update of the DAISIE database (Roques et al. 2009)
which is presented in this book considers that 1590 terrestrial arthropod species of
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non-European origin are established in Europe, including 1390 insects, 47 spiders,102
mites, 34 myriapods and 17 crustaceans. Many others originate from a restricted re-
gion in Europe but have invaded other parts of the continent. The establishment and
spread of these alien species may have various effects. The best documented impacts
are economic, particularly due to agricultural or forest pests (Pimentel et al. 2002a,
2002b). Alien arthropods also impact the environment by affecting populations or
communities of native species and by disturb natural ecosystem processes and services
(Kenis et al. 2009). They affect human and animal health. Finally, alien organisms have
a social impact when they influence human well-being (Binimelis et al. 2007).

In this chapter, we review the socio-economic and environmental impacts caused
by alien terrestrial arthropods in Europe. Human and animal health impacts will be
considered with socio-economic impacts since they represent measurable economic
and social costs. Although the social costs of invasions are often difficult to measure
in monetary terms, we could not find a single example of an alien arthropod in
Europe that primarily affects human well-being without an additional economic
burden.

The impact of alien species is usually considered to be negative. In some cases,
however, the introduction of an alien arthropod may have a positive impact on the
economy or the environment, for example when an exotic biological control agent
successfully controls a pest, reducing yield losses or preventing the use of pesticides.
Positive impacts of alien arthropods will also be considered in this review.

The review is partly based on the DAISIE database, a pan-European inventory of
alien species commissioned by the European Union (Hulme et al. 2009). When build-
ing the list of alien organisms in Europe, experts were asked whether the organism had
an economic or environmental impact in a particular country. Although their judge-
ment provides valuable opinions, these have to be taken with caution because they
were largely subjective and often unsupported by published references.

5.2. Socio-economic impact

The economic impact of alien species has been described as the consequence of an
interaction between the invader and economically valuable indigenous species (Wil-
liamson 1996). Alien arthropods can affect the economy and society in various ways,
through their impact on agriculture, horticulture, forestry, stored products, human
and animal health, or various services.

Economic impacts can be direct or indirect. Direct economic impacts occur when
alien species that affect valuable species or goods cause damage that results in yield
losses and increasing production costs. These types of economic impacts are those most
often described and can be easily expressed in monetary values (Pimentel et al. 2002a,
2002b). Pest management costs contribute largely to the direct economic impact of
alien species. Insect pests imply the yearly application of more than 3000 million kilo-
grams of insecticides globally (Pimentel 2007), a large share of it targeting alien pest



Impact of alien terrestrial arthropods in Europe. Chapter 5 53

species. An alien pest may also cause yield losses in its role as vector of other pests and
diseases, through interference with indigenous pollinators or as competitors, parasites
or predators of beneficial organisms.

Indirect socio-economic effects associated with the introduction of an alien pest
include, among others, restrictions on trade flow, effects on market access, changes in
market values, changes to domestic or foreign consumer demand for a product result-
ing from quality changes, changes in land use and landscape structure, public health
concerns, costs associated with research and educational services, societal effects such
as unemployment, effects on tourism, etc. Indirect effects are often difficult to evaluate
because many of them cannot easily be expressed in monetary terms (Born et al. 2005).

Vila et al. (2010) estimated from the DAISIE database that 24.2% of the alien
invertebrates in Europe have an economic impact. More than a half (51.6%) of the
terrestrial arthropods alien to Europe are herbivores and, similarly, about 50% of those
with economic impact are phytophagous species. Kenis et al. (2007) found that 40%
of the alien insects in Switzerland and Austria had at least one web page describing
damage and control methods, suggesting a socio-economic impact. Kenis et al. (2007)
also estimated that the rate of native insects reaching pest status in temperate countries
is probably much lower than 5%. Alien arthropods are well known for being serious
plant pests worldwide. More than half of alien arthropods of economic concern are
plant pests, which may directly affect yield losses of a variety of forestry and agricul-
tural crops, such as timber, fruits, vegetables, cereals, ornamentals, etc. Insect pests
destroy approximately 14% of all potential food production globally (Pimentel 2007).
It is estimated that between 30 and 45% of the insect pests in agriculture and forestry
worldwide are of alien origin (Pimentel et al. 2002a, 2002b), despite the fact that they
only represent a few percent of the insect fauna.

Economic studies on the impact of alien arthropods worldwide are numerous, but
less so in Europe. Born et al. (2005) also stated that most economic analysis on the
impacts of alien species has been undertaken outside Europe, particularly in North
America, South Africa and Oceania. Below, we discuss the most serious economic
alien pests of agriculture, protected horticulture, stored products and infrastructures,
forestry and urban trees and human and animal health in Europe. Positive impacts of
alien arthropods on the economy are discussed separately.

5.2.1. Outdoor agricultural and horticultural pests

Many alien arthropods affect European agriculture and horticulture, mainly through
yield losses and management costs, but also though quarantine measures, market ef-
fects and foreign trade impact. Reliable data on average yield and financial losses due
to alien agricultural pests are not frequently published, particularly in Europe. This
may be partly due to the lack of controlled, replicated experiments in commercial fields
required to document such information. Furthermore, crops are often attacked by sev-
eral pest species and the contribution of yield or monetary loss due to a single species
is difficult to assess. Pimentel (2002) has calculated for the British Isles that, since each
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year arthropods damage or destroy approximately 10% of the crops and 30% of the
pests are of exotic origin, alien arthropods cause yield losses of $960 million per year.
A similar calculation for the entire European Union would lead to annual economic
losses of approximately 10 billion € caused by alien arthropods. This does not include
control, eradication or quarantine costs, nor costs linked to foreign trade impact or
market effects. The agricultural/horticultural insecticide market represents over one
billion € per year in Europe (ECPA 2007), of which probably at least 20 to 30% is to
control alien pests.

The first major alien agricultural insect pest that hit the European economy was
the American vine phylloxera, Viteus vitifoliae, which, in the late 19* century com-
pletely destroyed nearly one-third of the French vineyards in the country, i.e. more
than 1.000,000 ha, with incalculable economic and social consequences (CABI 2007).
The problem was largely solved by replanting European cultivars grafted onto resist-
ant American rootstocks, although some phylloxera biotypes have developed that may
overcome the resistance of certain rootstock cultivars.

Another major arthropod that invaded the European fields a while ago is the Colo-
rado potato beetle, Leptinotarsa decemlineata. Since its first occurrence in France in
1922, it has spread to most European countries, causing considerable yield losses in
potato fields. Nowadays, effective routine control of the beetle has been incorporated
into potato cultivation systems and it is difficult to properly assess the economic cost
of the beetle alone. In the eastern USA, the cost of controlling infestations averages
between US$138 and $368 per hectare but, in this region, infestations are higher than
in Europe because of the local development of resistance to the major insecticides
(CABI 2007). Leptinotarsa decemlineata has not yet invaded the whole of Europe and
some countries are still spending significant amounts of money to prevent its entry. For
example, in Finland, pre-entry control measures against the beetle cost an average of
EUR 171,000 per year in the period from 1999 to 2004 (Heikkild and Peltola 2006).
A cost-benefit analysis showed that the benefit of these protection measures strongly
depends on future scenarios, in particular regarding local climatic conditions and ag-
ricultural policies.

In the 1990s, the introduction into Europe of the western corn rootworm beetle
Diabrotica virgifera virgifera, a serious maize pest in North America, generated much
attention. A few years after its introduction, mean yield losses in Serbian Maize fields
were estimated to be around 30% (Sivcev and Tomasev 2002). Baufelt and Enzian
(Baufeld and Enzian 2005) calculated that the potential pecuniary losses in maize due
to D. virgifera virgifera in a selection of European countries was as high as 147 million
€/year, based on a conservative average yield loss of 10%. Consequently, most Euro-
pean countries apply costly regulatory control measures to prevent the pest’s establish-
ment in their countries. Nevertheless, in some countries, regulatory control measures
may not be economically justified. For example, in UK a cost/benefit analysis showed
that, in the absence of a statutory campaign, yield losses of 5% caused by the beetle in
maize could have a present value of £0.6 to £2.8 million over 20 years. However, costs
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of a statutory campaign against the pest over the same period could range from £2.5 to
£7.1 million (MacLeod 2006).

Fruit orchards are particularly prone to alien insect invasions. Many of the most se-
rious pests in European orchards are alien, such as the San José scale, Diaspidiotus per-
niciosus, the Mediterranean fruit fly, Ceratitis capitata, the oriental fruit moth, Graphol-
ita molesta, the citrus leaf miner, Phyllocnistis citrella, the woolly whitefly, Aleurothrixus
Sloccosus, etc. Some arthropods are harmless by themselves but are vectors of serious
diseases, such as the leathopper Scaphoideus titanus, vector of Flavescence dorée in
vineyards. These arthropods, and many other alien agricultural and horticultural pests
are described in the factsheets (see Chapter 14). Despite their economic importance,
there is little information on the exact costs related to orchard pests. However, when
data are available, they are impressive. For example, in Israel, Palestine and Jordan, the
annual fruit losses due to C. capitata were estimated to be about U.S. $365 million, an
amount which represents more than half of the total fruit revenue of the area (Enkerlin

and Mumford 1997).

5.2.2. Pests of protected horticulture

Most plant pests that occur in greenhouses and other protected environments are of
tropical or sub-tropical origin. Some of them also occur on outdoor crops in Southern
Europe. Among the most serious alien pests of protected crops in Europe are the leaf
miners Liriomyza huidobrensis and L. trifolii, the whiteflies Bemisia tabaci and Tria-
leurodes vaporariorum, the aphids Aphis gossypii, Myzus persicae and Macrosiphum eu-
phorbiae, the western flower thrips Frankliniella occidentalis (see factsheets 23, 24, 33,
35, 37 and 78), the citrus mealybug Planococcus citri and the moth Opogona sacchari.
Several of these, particularly aphids, whiteflies and thrips, are vectors of important
plant viruses. Mediterranean arthropods such as the lepidopteran defoliator Cacoeci-
morpha pronubana, the leaf mining fly Liriomyza bryoniae and the spotted spider mite
Tetranychus urticae have now invaded protected crops throughout Europe (Brodsgaard
and Albajes 1999).

These alien pests cause enormous economic damage to the greenhouse and pro-
tected crops industry, through yield losses, control costs, contingency plans, eradica-
tion costs or losses in consignments for export. For example, Roosjen et al. (Roosjen
et al. 1998) estimated that the annual cost of £ occidentalis to the Dutch greenhouse
could be US$30 million, plus a further US$19 million from the effects of Tomato
spotted wilt tospovirus transmitted by the thrips. An intensive eradication programme
carried out to control an outbreak of the melon thrips, 7hrips palmi in a UK green-
house in 2000 cost £178,000 (MacLeod et al. 2004). A cost/benefit analysis showed
that this eradication programme was four to 19 times cheaper compared with potential
losses forecast by modelling the spread and impact of 7. palmi in glasshouse crops over
ten years. In another example, Rautapaa (1984) comparing all the costs caused by ex-
clusion measures (eradication + quarantine) to maintain Finland free from Liriomyza
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trifolii, with the costs of living with the pest, obtained ratios 1:3 to 1:13 in favour of
eradication/quarantine measures.

5.2.3. Stored product and infrastructure pests

In Europe, 113 alien insect species are pests of stored products, feeding on products
such as grains, seeds, fruits, fabrics, and wood products. Most are Coleoptera (e.g.
Anobiidae, Bostrichidae, Chrysomelidae, Cucujidae, Curculionidae, Dermestidae,
Mycetophagidae, Nitidulidae, Ptinidae, Silvanidae and Tenebrionidae), Lepidoptera
(mainly Pyralidae; Gelechiidae and Tineidae) and Blattodea (cockroaches). Several al-
ien xylophagous beetles and termites may also seriously damage public infrastructures
and domestic impairments, furniture and buildings. Alien stored product and infra-
structure pests are usually cosmopolitan insects of tropical or sub-tropical origin, being
transported worldwide with their food (Rees 2004).

Both the quantity and quality of the stored products may be affected by pests. An
economic evaluation has been carried out for three species in Germany (Reinhardt et
al. 2003). The annual costs arising from the two grain beetles Oryzaephilus surinamensis
and Rhyzopertha dominica vary from 11.2 to 35.3 million € and that of the flour moth
Ephestia kuehniella from 4.6 to 12.3 million €. Considering that these numbers are
only for Germany and for three pest species, it is likely that the costs due to the two
dozen economically significant alien stored product arthropod pests in Europe exceed
1 billion € per year.

5.2.4. Forestry and urban tree pests

Alien arthropods can have severe economic impacts on forest plantations and urban
parks. A total of 438 alien insects are associated with woody plants, representing 28.7%
of all European alien species (Roques 2010). So far, European forests have suffered less
from invasive arthropods than other continents, and the most important forest pests
in Europe are still indigenous species. However, several potentially damaging alien for-
est pests have recently become established, such as the chestnut gall wasp Dryocosmus
kuriphilus, the ambrosia beetle, Megaplatypus mutatus and the two Asian longhorned
beetles Anoplophora glabripennis and A. chinensis (see factsheets 6, 7, and 17). Exotic
trees tend to suffer more from alien pests than native trees (Day and Leather 1997). For-
ty-seven percent of the alien pest species affecting forest and urban trees are associated
mainly or exclusively with exotic tree and shrub species (Roques 2010). For example,
eucalyptus trees are particularly prone to damage by invaders from Australia. Nine alien
arthropods are presently found in Europe feeding on eucalyptus, including two wood-
borers, Phoracantha semipunctata and P recurva, the eucalyptus snout beetle, Goniprerus
scutellatus, three psyllids Ctenarytaina eucaliptii, C. spatulata and Glycaspis brimblecombi,
two gall wasps Leprocybe invasa and Ophelimus maskelli and an eriophid mite, Rhomb-
acus eucaliptii. In southern Spain, after the first detection of P semipunctata in 1981,
the average tree mortality in the subsequent two years was estimated to be about 3%,
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equivalent to a loss of 6207 ha, despite the costly control measures applied during this
period (Gonzalez Tirado 1986). Gonipterus scutellatus is considered to cause tree growth
losses of up to 30% in Galicia (Mansilla et al. 1996). The arrival of alien forest pests may
also have indirect effects on land use and land value. For example, in Portugal, in the
years following the arrival of P semipunctata, eucalyptus plantations situated in marginal
areas, poorly suitable for the cultivation of this tree species, were abandoned and the
land was used for other purposes (M. Branco, unpublished observation).

In contrast to what is observed in forests, a large proportion of the arthropod
pests attacking ornamental and urban trees in streets, parks and gardens in Europe
are alien, partly because many tree species planted in urban areas are exotic. Com-
mon non-European pests of urban trees and shrubs include, among others, the lace
bug Corythucha ciliata, the scales Pulvinaria regalis and Pseudaulacaspis pentagona, the
American false webworm Hyphantria cunea and the arborvitae leaf miner Argyresthia
thuiella (See factsheets 41, 45, 52, 64 and 77). The citrus longhorned beetle Anoplo-
phora chinensis was recently introduced from Asia to Italy, where it is now established
and spreading, despite an eradication programme. This polyphagous wood borer has
already killed thousands of urban trees and shrubs in an area of nearly 200 km?* (Tom-
iczek and Hoyer-Tomiczek 2007). Ornamental palms and their trade in the Mediter-
ranean region are seriously threatened by several alien insects, in particular the Asian
weevil Rhynchophorus ferrugineus and the South American moth Paysandisia archon
(EPPO 2008a, 2008b).

Several of the most important tree pests in Europe invaded from other parts of the
continent. The maritime pine bast scale, Matsucoccus feytaudi, an Iberian species, de-
stroyed thousands of hectares of maritime pine forest in South-eastern France, Corsica
and Italy, e.g. (Covassi and Binazzi 1992, Jactel et al. 1998, Riom 1994). Important
ornamental tree pests in Central and Western Europe originate from the Balkans, such
as the horse-chestnut leaf miner Cameraria obridella (Tremblay 1984) and possibly the
plane leaf miner, Phyllonorycter platani (Schonrogge and Crawley 2000). Many forest
pests from continental Europe have invaded the British Isles, where they may cause
severe damage to forest plantations, such as the spruce aphid Elatobium abietinum or
the larger spruce bark beetle Dendroctonus micans (Day and Leather 1997).

Tree pests may have a direct economic effect through decrease of timber value,
wood increment loss and tree mortality, treatment costs and costs related to early har-
vesting and replanting. There are few examples where the costs of alien forest pests have
been calculated precisely in Europe. In the British Isles, the estimated cost to losses in
forestry products due to alien arthropods is about $2 million per year, that is about
2% of the cost of alien arthropods in the agricultural sector (Pimentel 2002). These
numbers may suggest that the direct economic impacts on forest products are much
lower than on agricultural crops. The difference might partly be explained by the fact
that trees may often sustain pest attacks without substantial growth loss and without
tree mortality (Speight and Wainhouse 1989). Furthermore, dead trees may still have
economic value as salvage. Still, it should be considered that forests account for only
11% of land cover in the British Isles (Forestry Commission 2006). In other European
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countries where the percentage of forest land cover is higher (e.g. 72% in Finland), the
relative direct economic impact of alien forest pests will be much higher.

Higher impact values are obtained when control costs are included. For example,
Reinhardt et al. (Reinhardt et al. 2003) estimated that the control of the horse-chest-
nut leaf miner, Cameraria obridella, in Germany would cost 10.02 to 33.8 millions
€ per year and the replacement costs for all horse-chestnut trees would be as high as
10.7 billion €. The eradication and control costs against A. chinensis in Northern Italy
amounted to 900,000 € in 2005/2006, but are supposed to reach 10 million € in the
period 2008-2010 (Ciampitti 2009). Furthermore, forest ecosystems provide a variety
of environmental services with high socio-economic value, such as water resources,
soil protection, climate amenity, carbon sequestration and leisure. All these may be
seriously hampered by tree defoliation and tree mortality caused by alien forest pests.

5.2.5. Arthropods affecting human and animal health

Human and animal health can be affected by various groups of alien arthropods, in
particular detritivorous and hematophagous species. These generate economic costs
related to control strategies, public health measures, health treatments, sick leave, edu-
cational programmes, etc. Some detritivores may affect human health by both food
poisoning and disease transmission. For example, cockroaches, four of which are listed
as alien in the DAISIE database, can carry microbes on their body surface and infest
human and animal food. They can also provoke allergic reactions, including asthma
(Brenner et al. 1987, Rivault et al. 1993).

Hematophagous arthropods, besides being a human nuisance through their bit-
ing behaviour, are also able to transmit diseases or to cause allergies and dermatitis to
human or domestic animals (Lounibos 2002). Seven alien mosquitoes (Diptera: Culi-
cidae) are found in Europe. The Asian tiger mosquito, Aedes albopictus, and the Asian
rock pool mosquito, Aedes japonicus, have already invaded several European countries.
They both are natural vector of various viruses and filaria for humans and domestic
animals (Mitchell 1995, Schaffner et al. 2009). In summer 2007, in Italy, for the first
time in Europe A. albopictus was found to be the vector of an infectious disease, the
Chikungunya virus (Enserink 2007). Tropical and sub-tropical mosquito species are
often accidentally introduced in Europe and, with global warming, there is a risk that
more mosquito species and their associated diseases could become established, particu-
larly in southern Europe.

The DAISIE database also mentions six fleas (Syphonaptera), 27 sucking louses
(Phthiraptera) and 20 mites that are also able to transmit diseases or to cause allergies
and dermatitis to human and animals (Roques et al. 2009). Worth mentioning are
the rat flea, Nosopsyllus fasciatus, which is the primary vector for bubonic plague and
murine typhus (Beaucornu and Launay 1990) and alien ticks of the genus Hyalomma
that represent emerging risks for humans and animals in Europe by transmitting tick-
borne rickettsial diseases (Parola 2004) (see chapter 7.2.). Finally, although the vast
majority of the 48 alien Araneae in Europe are of no medical concern, several species
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of importance to human health are increasingly intercepted at entry ports, and a few
are reported as being established, such as two Loxosceles spp. from America and a black
widow, Latrodectus hasselti, from Australia (Kobelt and Nentwig 2008).

5.2.6. Arthropods with a positive economic impact

Although alien arthropods are mostly associated with negative effects, some alien species
may generate substantial economic benefits. For example, many predators and parasi-
toids introduced as biological control agents to control alien pests have a positive eco-
nomic impact. The update of the DAISIE database presented in this book lists 217 non-
European arthropods acting as biocontrol agents of plant pests, or pests of stored prod-
ucts. Parasitoids include mostly chalcidoid wasps, in particular Aphelinidae (63 spp.) and
Encyrtidae (55 spp.) whereas the most numerous introduced predators are Coccinellidae
(12 spp.). Most of these species were intentionally introduced to control alien plant pests
in outdoor crops or used as augmentative biological control agents in greenhouses. In
Europe, the majority of the vegetable greenhouse area is under biological control or IPM
(van Lenteren 2007), using a large variety of predators and parasitoids (van Lenteren
et al. 1997). Various cost-benefit analyses have shown that, in greenhouses, biological
control is the most cost-effective method (van Lenteren 2007). Many natural enemies
established in the wild in Europe have a substantial impact on plant pests, such as the
aphelinid Aphelinus mali, parasitoid of the woolly aphid Eriosoma lanigerum, and the coc-
cinellid Rodolia cardinalis, predator of the cottony cushion scale leerya purchasi (Greath-
ead 1976). Some species released locally have been to spread quickly and rapidly become
established in the wild. For example, the Australian parasitoid wasp, Psyllaephagus pilosus,
which was released locally in southern France in 1997 to control the eucalyptus psyllid
Crenarytaina eucalypti, by 1998 had become established and spread westwards by more
than 85 km (Malausa 1998). Interestingly, some of the most efficient natural enemies
in Europe were introduced unintentionally, such as Avetianella longoi, an egg parasitoid
of the eucalyptus woodborer Phoracantha semipunctata in Italy and Portugal (Farrall et
al. 1992, Siscaro 1992), and Closterocerus chamaceleon, an Australian parasitoid of the
eucalyptus gall wasp Ophelimus maskelli found in Portugal in 2007 (Branco et al. 2009).

Pollinators are other insects whose introductions are often considered beneficial.
Species and sub-species of honeybee and bumblebee have been introduced into many
parts of the world, including Europe, to improve pollination of cultivated plants, ei-
ther in outdoor crops or in greenhouses (Ings et al. 2005a, 2005b, Moritz et al. 2005).
However, the introduction of exotic pollinators and biological control agents may also
have negative effects on the environment (see section 5.3 below).

5.3. Environmental impact

Alien arthropods can affect native biodiversity and ecosystem services and processes
through various mechanisms (Kenis et al. 2009). Herbivores feeding on native plants
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can have a direct effect on host plant populations. Similarly, predators, parasites and
parasitoids may directly affect their indigenous prey or host. Alien species may hybrid-
ize with native species, causing disturbances in native genetic resources. They can also
affect the native flora and fauna and ecosystems indirectly, through cascading effects,
or by carrying diseases, competing for food or space or sharing natural enemies with
native species. However, these ecological impacts, their strength and the mechanisms
underlying these impacts are poorly studied. Their interaction with the native fauna
and flora has been rarely investigated, particularly if their habitat is of little economic
concern. Based on the DAISIE database, Vila et al. (2010) estimated that the percent-
age of alien terrestrial invertebrates having an ecological impact in Europe was 13.8%.
However, in most cases, the notification of environmental impact was based on the
fact that an alien arthropod may feed on a native plant or animal species and not on
scientific evidence that populations or communities of native species are affected, or
ecosystem processes are disturbed. In their extensive literature survey on the ecologi-
cal effects of alien insects, Kenis et al. (2009) identified 72 alien insects worldwide for
which an ecological impact had been investigated, and evidence for impact in the field
was found for 54 of them. Among these, only a handful of cases came from Europe
and, until now, none of them has had a tremendous impact on the environment, in
contrast to what is observed in other continents. Table 1 shows the species for which an
ecological effect on native biodiversity or ecosystems has been observed or investigated
in Europe, and a selection of species for which an effect is suspected but for which
scientific evidence is still lacking.

5.3.1. Impact by herbivores

In most continents, herbivores account for the largest number of alien insects of eco-
logical concern. For example, several forest pests of Eurasian origin cause dramatic
and irreversible effects on various forest ecosystems in North America (Kenis et al.
2009). In Europe, despite the fact that phytophagous insects largely dominate the alien
fauna, hardly any are known to have an ecological impact on native biodiversity and
ecosystems. A potential exception is the introduction of a butterfly, the small white,
Pieris rapae, in Madeira, which coincided with the extinction of a congeneric species,
the Madeiran large white, P brassicae wollastoni (Wakeham-Dawson et al. 2002). The
mechanisms involved in this extinction are unclear. Gardiner (2003) suggests that the
introduction of 2 rapae brought a different strain of the granulosis virus for which the
native butterfly had no resistance, although loss of habitat, pollution from agricultural
fertilisers and an exotic parasitoid are also blamed. Another study worth mentioning is
that of Schonrogge and Crawley (2000), who investigated the impact of the invasion,
in UK, of cynipid gall wasps of the genus Andricus on native gall wasps through the
sharing of parasitoids and inquilines. They did not find evidence that the alien species
had a long term effect on populations and communities of native species. Péré et al.
(2010) observed that horse-chestnut trees Aesculus hippocastanum infested by the inva-
sive leaf miner Cameraria ohridella had a negative effect on neighbouring populations
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and communities of native leaf miners. Although they suspected that the effect is due
to shared natural enemies, further studies did not confirm this hypothesis (Péré and
Kenis, unpubl. data).

Since recently, however, introductions of phytophagous insects in Europe are caus-
ing increasing concern for their current or potential impact on the native fauna or
flora. The two most serious alien palm pests in Europe, Rhynchophorus ferrugineus and
Paysandisia archon, are not only a problem for the trade of ornamental plants. They
are also able to develop on, and kill three endemic palm species, Phoenix theophrasti in
Crete and P canariensis in the Canary Islands, in the case of both insects, and Chamae-
rops humilis in the western Mediterranean region in the case of 2 archon (EPPO 2008a,
2008b). The Geranium bronze, Cacyreus marshalli is a South African lycaenid butterfly
introduced into southern Europe, where is has developed as a serious pest of cultivated
Pelargonium spp. Laboratory tests in Italy showed that it can also develop and kill na-
tive Geranium spp. (Quacchia et al. 2008) but further studies are needed to assess bet-
ter the risk and impact on the wild flora and on native Geranium-consuming lycaenids.

The citrus longhorned beetle Anoplophora chinensis is presently still restricted to
urban areas in Northern Italy, but it is expected to invade forests, where it could kill a
large number of tree and shrub species and modify natural ecosystems. The chestnut
gall wasp, Dryocosmus kuriphilus, a Chinese species damaging chestnut in Japan and
North America has been recently found in Italy and is rapidly spreading to neighbour-
ing countries, representing a serious threat for the European chestnut, a keystone spe-
cies in some European forest ecosystems (Quacchia et al. 2008). Other alien phytopha-
gous insects for which the ecological impact should be investigated include, among
others: the western conifer seed bug, Leproglossus occidentalis, which may affect the
natural regeneration of conifers (Rabitsch and Heiss 2005); several seed chalcids of the
genus Megastigmus that are suspected of displacing native congeneric species (Auger-
Rozenberg and Roques 2008, Fabre et al. 2004); and Mezcalfa pruinosa, a planthopper
that massively attacks hundreds of different plant species in Southern Europe (Girola-
mi et al. 1996).

However, the alien insect that represents the most serious threat to European bio-
diversity and ecosystems may well be the emerald ash borer, Agrilus planipennis, an
Asian wood borer that was detected in North America in 2002. In a few years, it has
already killed over 15 million ash trees, Fraxinus spp. (Poland and McCullough 2006).
The beetle has recently been detected in the region of Moscow, where it has started to
cause similar damage (Baranchikov et al. 2008). Considering its dispersal capacities,
there is no doubt that A. planipennis will quickly invade the rest of Europe and poses
a serious threat to the three European ash species which are valuable components of
various European forest ecosystems.

5.3.2. Impact by ants

The alien arthropod which has been most studied for its ecological impact in Europe
is undoubtedly the Argentine ant, Linepithema humile, a South American ant species
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that has invaded most continents, becoming one of the most damaging invasive insects
on earth (Holway et al. 2002). In Europe, it has been reported in several countries, and
has established large wild populations in Spain, Portugal, southern France and Italy.
In Spain and Portugal, L. humilis was observed to displace the native ants including
myrmecochorous ants, which had a negative effect on seed dispersal of native plants
(Carpintero et al. 2005, Gémez and Oliveras 2003, Gémez et al. 2003, Way et al.
1997). Blancafort and Gémez (2005) noted that the invasion of L. humile reduces
fruit-set and seed set of the native plant Euphorbia characias. In Madeira, however, it
seems that L. humile and another invasive ant, Pheidole megacephala have little impact,
even after 150 or more years of residence, and are dominated by the better adapted
native ant, Lasius grandis (Wetterer et al. 2006). Way et al. (1997) noted that the
displacement of native ants in Portugal was most noticeable on disturbed habitats.
Also, L. humile preys on and reduces populations of serious tree pests such as the pine
processionnary moth, Zhaumetopoea pityocampa, and the eucalyptus wood borer (Way
etal. 1992, 1999).

Lasius neglectus is another invasive ant in Europe, originating from Asia Minor. It
is found in several European countries, but mainly in human-modified habitats, from
strictly urban sites to gardens and urban woods. Nevertheless, it can be very aggres-
sive against native ants and some populations in Spain have displaced other surface-
foraging ants as well as other invertebrates, such as Lepidoptera (Espadaler and Bernal
2008). Lasius neglectus also tends arboreal aphids that may have a detrimental impact
on trees. In England, Oliver et al. (2008) conducted laboratory studies on competi-
tive interactions between native ants and Zechnomyrmex albipes, another alien ant that
is presently restricted to protected habitats but may become invasive outdoors with
future climate warming.

5.3.3. Impact by other predators and parasitoids

Biological control agents are usually considered as beneficial because they reduce the
impact of pests and the use of pesticides. In some cases, however, they may become
pests themselves and threaten non-target species or other beneficial organisms. The
best known case in Europe is the harlequin ladybird, Harmonia axyridis, an Asian
species used in biological control programmes against aphids on greenhouse and field
crops since the 1980s. The first feral populations in Europe were found in Germany
in 1999 and, since then, it has spread to at least 15 countries (Brown et al. 2008). In
North America, where it was released earlier, it is known to displace native ladybirds
through intra-guild predation and competition for food (Koch and Galvan 2008), and
it is feared that the same effects will be observed on European ladybird species. Labora-
tory tests have already shown that European species are vulnerable to predation by A.
axyridis (Burgio et al. 2002, Ware and Majerus 2008, Ware et al. 2008), but evidence
for displacement in the field needs to be further studied (Adriaens et al. 2008).

Two parasitoids released to control plant pests in Europe are known to have af-
fected populations of native parasitoids. The North American aphid parasitoid Lysip-
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hlebus testaceipes, introduced in Mediterranean countries to control Aphis spiraecola,
may have displaced two congeneric parasitoids, L. fabarum and L. confusus (Trem-
blay 1984). Similarly, the introduction of the South American Cales noacki in Italy
to control the whitefly Aleurothrixus floccosus, has resulted in the displacement of the
indigenous parasitoid Encarsia margaritiventris, parasitoid of the viburnum whitefly
Aleurotuba jelineki (Viggiani 1994). However, in a recent paper, Viggiani (2008) stated
that, in the two cases, the effects on the native parasitoids were largely local, that none
of the affected native parasitoids is now endangered and that this displacement had no
effect on pest populations.

Alien mosquitoes are not only a threat for human or animal health. They may
also affect native mosquito species through competition (Juliano and Lounibos 2005).
Following the invasion of the tiger mosquito, Aedes albopictus in Italy, Carrieri et al.
(2003) carried out laboratory experiments to investigate potential competitive interac-
tions with the native Culex pipiens. They found that A. albopictus was competitively
superior in resource competition but, to date, the displacement of native mosquitoes
has not been demonstrated in the field.

5.3.4. Impact by pollinators and impact on pollination

In Europe, as in other continents, insect pollinators, particularly bees, are declining,
which may have dramatic consequences for the functioning of natural ecosystems and
agriculture (Biesmeijer et al. 2006). Although the exact mechanisms leading to bees’
decline is a matter of debate, there is no doubt that the accidental introduction of
natural enemies has played a significant role. In particular, the parasitic mite, Varroa
destructor, which originates from the Far East and was accidentally introduced into
most continents since the 1950s, has largely contributed to the decline of cultivated
honeybee, partly because of its association with viruses (Sammataro et al. 2000). This
has surely had an indirect ecological effect on plant pollination, although this effect is
difficult to quantify. In other parts of the world, it has been shown that V. destructor
also has a serious impact on feral honeybee populations (Kraus and Page 1995), but
such studies are still lacking in Europe. Honeybees and wild bees may soon be threat-
ened by a new invader, the Asian hornet, Vespa velutina (see factsheet 64). This species
was introduced in south-western France some years ago, probably in pieces of pottery
imported from China (Villemant et al. 2000). It is known as an important predator
of bees in Asia, and it has already been reported preying on domestic honeybees in
France. In addition, it may displace the European hornet, Vespa crabro. The current
and potential impact of this new alien species should be assessed for the whole of Eu-
rope and management measures should be developed.

The release in western and Northern Europe of two subspecies of the honeybee
Apis mellifera originating from southern and eastern Europe, A. m. ligustica and A. m.
carnica, has caused large-scale gene flow and introgression between these sub-species
and the native black honeybee, A. m. mellifera (De La Rua et al. 2002, Jensen et al.
2005, Moritz et al. 2005). In the Canary Islands, Dupont et al. (2003) showed that the
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introduced honeybees depleted nectar of a native plant, which reduced visitation by
native pollinators and may have consequences on pollination. The bumblebee, Bombus
terrestris, another important pollinator in Europe, is threatened by the importation
of sub-species from the Middle East (B. t. dalmatinus) and Sardinia (B. t. sassaricus)
introduced in Europe as pollinators of greenhouse crops. Commercial subspecies may
hybridize with native ones and even displace them in the wild (Ings et al. 2005a,
2005b, 20006).
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Table 5.1. Examples of alien species with current or potential environmental impact in Europe. A Spe-
cies for which field studies have been published B Species for which only laboratory studies have been
published € Species that may have an environmental impact now or in the near future and for which
studies are needed. Details and references are found in the text.

Impact observed
A In the field | In the lab
Andricus spp. (Hym.: Cynipidae) No
Apis mellifera L. subspecies carnica, caucasica and ligustica (Hym.: Apidae) Yes
Bombus terrestris (L.) subspecies dalmatinus and sassaricus (Hym.: Apidae) Yes
Cales noacki Howard (Hym.: Aphelinidae) Yes
Cameraria ohridella Deschka & Dimic (Lep.: Gracillariidae) Yes
Lasius neglectus Van Loon, Boomsma & Andrésfalvy (Hym.: Formicidae) Yes
Linepithema humile (Mayr) (Hym.: Formicidae) Yes
Lysephlebus testaceipes (Cresson) (Hym.: Braconidae) Yes
Megastigmus rafni Hoffmeyer (Hym. : Torymidae) Yes
Megastigmus schimitscheki Novitzky (Hym.: Torymidae) Yes
Pieris rapae (L.) (Lep.: Pieridae) Unclear
Pheidole megacephala (F) Hym.: Formicidae) No
B
Aedes albopictus (Skuse) (Dipt.: Culicidac) Yes
Cacyreus marshalli Butler (Lep.: Lycaenidae) Yes
Harmonia axyridis (Pallas) (Hym.: Coccinellidae) Yes
Technomyrmex albipes Smith (Hym.: Formicidae) Yes
C
Agrilus planipennis Fairmaire (Col.: Buprestidae)
Anoplophora chinensis (Forster) (Col. : Cerambycidae)
Dryocosmus kuryphilus Yasumatsu (Hym.: Cynipidae)
Leptoglossus occidentalis Heidemann (Hem.: Coreidae)
Mertcalfa pruinosa Say (Hem. : Flatidae)
Paysandisia archon (Burmeister) (Lep.: Castniidae)
Rhynchophorus ferrugineus (Olivier) (Col.: Curculionidae)
Varroa destructor Anderson & Trueman (Acari: Parasitidae)
Vespa velutina nigrothorax Lepeletier (Hym.: Vespidae)
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Introduction

The data supplied in the preceding chapters clearly confirm that the ever-increasing
rate of arthropod invasions can be attributed to the upward trend in international
freight transport, to passenger travel and, more generally, to globalization. The role
that humans play in pest introductions as well as their likely dispersion is obvious
and consequently there are strong geographic associations between higher numbers of
alien pest occurrences and urban areas as already been noted by Colunga- Garcia et al.
(2010) and Pysek et al. (2010). Another important source of introduced arthropods
comes from intentional releases, especially of alien hymenopterans, for the purpose of
biological control programs. Invasive alien species threaten forests, agriculture, human
and animal health. While economic losses attributed to exotic plant pests are poorly
estimated in Europe (but see Vild et al. 2009), they have been estimated at US $37.1
billion per year in U.S. agricultural and forest ecosystems (Pimentel et al. 2005). Inva-
sive species can also cause irreversible changes to ecosystems, but there is no estimate
of the full economic costs of their effects on ecosystems and on the human population
that is dependent on them.

There is little chance that biological exchanges over borders may decrease in the next
decades. Rather, the number of arthropod invasions will continue to grow, threatening
economy and ecosystems globally. More and more people or agricultural commodities
will cross borders, increasing the likelihood that arthropods will be translocated from

Copyright J.-Y. Rasplus. This is an open access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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one area of the world to another (Liebhold et al. 2006). In Europe, monitoring, detec-
tion of arthropod invasion mostly relies on poorly connected structures hosted by dif-
ferent countries, using non-interoperable tools that imply months if not years to detect
the data for characterizing and managing new aliens. Such delays are unacceptable in
cases where immediate action has to be taken. Globalization of biological exchanges
should be met by globalization of the tools used to predict, detect and manage future
bio-invasions.

Until now, no integrated biosecurity tool has been developed for arthropods (this
is also true for all other bioinvaders). An ideal web-based integrated tool would encom-
pass different interlinked modules to:

1. Identify the most likely future arthropod invaders

2. Provide generic and accurate identification tools

3. Compile biological information on these species

4. Predict where such aliens might potentially thrive, and their future distributions in

a warmer climate or under

Estimate the full costs of the most likely alien arthropods

6. Finally, quantify and map risks associated with these non-indigenous species and
prioritize them

N

Identify the most likely future arthropod invaders

Determining which species to target for development of detection tools, distributional
area and risk estimation is not an easy task. However, it is increasingly important to
identify potential invasive species prior to their introduction and establishment. This
may help to reduce the likelihood of alien invasions and better define management
scenarios. Only few studies have been published that help to select the most likely fu-
ture arthropod invaders to Europe within the many thousands of potential bioinvader
arthropods.

Worner and Gevrey (2000) recently developed an original and efficient method to
identify potential invasive insects that should be subject to more detailed risk assess-
ments. They based their study on 1) the assumptions that geographical areas with simi-
lar pest assemblages share similar biotic and abiotic conditions, 2) a comprehensive
database of the global presence or absence of pests. They used artificial neural network
analysis to propose a list of species that are ranked according to the risks they pose. It is
important to develop further methods of this kind, to implement databases and make
them easily accessible through web interfaces. The development of integrated Euro-
pean projects such as PRATIQUE (Enhancements of Pest Risk Analysis Techniques) is
a step towards this goal (Baker et al. 2009).

The search for taxa that are particularly invasive worldwide may also benefit from
phylogenetic or hierarchical clustering studies. Recent work on the hierarchical pat-
terns in biological invasions has produced results that show both clustering as well
as overdispersion of certain life-history traits that are associated with invasion success
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(e.g. reproductive traits) (Lambdon 2008, Proches et al. 2008). In some cases, traits
associated with invasiveness observed in a set of taxa tend to be more similar in closely
related taxa, a phenomenon supposed to be linked to the conservation of ecological
niches in closely related species. This observation provides promise that analysing these
traits in a strict phylogenetic framework may help to predict better the most likely
potential invasive species. However, few phylogenetic analyses of invasiveness have
been proposed for arthropods. Such analyses may benefit from the development of
DNA barcoding applied to multiple genes (see below) that could help in particular to
reconstruct phylogenies within species complexes.

Another approach, for phytophagous invaders at least, could be to identify and
establish ‘sentinel’ host plants in not yet invaded regions, to evaluate the impact of
indigenous potential invaders in source regions should they become introduced as
exotics at a later date (Britton et al. 2009). This is currently carried out in China for
potential pests of European tree species (Roques et al. 2009; Roques 2010).

Provide generic and accurate identification tools

In the last few years, the application of molecular diagnostic methods have greatly ac-
celerated. At the same time, DNA barcoding based on the mtDNA COI gene as well
as nuclear markers, have shown great potential to improve the detection of invasive
species. DNA barcoding has been used to detect pests efficiently (Armstrong 2010)
and may also enable the flagging of invasive species trapped during biodiversity surveys
(deWaard et al. 2009). Consequently, DNA barcoding many provide an efficient new
tool in the biosurveillance armoury for detection of alien species. Next generation se-
quencing technologies (e.g. pyro and single-molecule sequencing) may further help to
reduce costs and to increase both speed and quantity of molecular detection of arthro-
pod species. In the near future, it is likely that most identifications of arthropods will
proceed through comparison of multiple gene sequences to an online global library
whose quality is vastly enhanced by taxonomic knowledge. Consequently, developing
a worldwide DNA library of barcodes of the most likely invasive species, including all
pests and their natural enemies that could be used in biological control project, is of
strategic importance to enhance our ability to detect and manage invasive populations.
Such a comprehensive database coupled to real time analysis of trapping may help to
detect species even at low densities, long before they become established. Developing
such an integrated detection toolkit may clearly improve both biosurveillance and bi-
osecurity in the future.

Compile biological information on these species

Any introduced arthropod has an area of origin where it could already be a pest and
where it may already have been studied and its biology described. Available lists of
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invasive species (NISIC, DAISIE, NOBANIS, etc) do not always provide an up-to-
date compilation of all available biological information and so may be of limited use
for improving future management or predicting spread. To infer better the potential
distribution, costs and risks associated with the most likely arthropod invaders, we
need to compile all available information on their biology and life-history traits,
both in their native and, when possible, in their invaded ranges (Broennimann and
Guisan 2008).

Predict where such aliens might potentially thrive

Predicting which arthropods can invade where is critical for their management,
and ultimately in limiting the negative impacts of bioinvaders. Niche-based models are
widely used to predict potential distributions of invasive insects, mites or other artho-
pods. These methods use observations either from the invaded or the native range of
an invasive species to predict the potential range in the area of introduction. However,
despite its increasing use, environmental niche modelling is based on fundamental as-
sumptions that are easily violated and lead to incorrect prediction of the full extent of
biological invasions. For example, the alien species may not occupy all suitable habitats
when its ecological requirements have changed during the invasion process. Further-
more, predictions are sensitive not only to occurrence and environmental data, but also
to the methods used to calibrate the models. These approaches have also been criticised
for their lack of consideration of species interactions (natural enemies), dispersal, avail-
ability and synchrony with the host plant or host. However, unless we can accurately
parameterize the relationship between a species and its environment, no single model
predicting the invasive range is likely to represent reality. This task may prove to be
not feasible for most arthropods, for which knowledge of their distribution and inter-
actions is as yet fragmentary if not rudimentary. Consequently, multiple modelling
methods are required to provide better prediction and error estimates for arthropod
distributional areas, especially when based on poor observation datasets.

Moreover, identification of consensus areas of distributional estimate consist-
ency using these different methods may help to produce more reliable estimates
of species’ potential distributions (Roura-Pascual et al. 2009). A recent study also
showed that using predictions based on both abiotic variables (usually climate) and
biotic ones (for insect or host assemblage) may be more accurate than predictions
based on climatic factors alone (Watts and Worner 2008). Consequently, in an ef-
fort to improve the management of invasive arthropods to Europe, we need to 1)
develop a comprehenive database of life-history traits and worldwide occurrences
of invasive arthropods; 2) build or implement a system providing the most accu-
rate projections based on this database; 3) develop free access tools that implement
all these methods; 4) allocate research investment to such a task that will strongly
improve both predictive methodology and knowledge of the most likely invasive
arthropods and their natural enemies.
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Estimate the full costs of the most likely alien arthropods

Until now few general models of the economic costs of biological invasion have been
developed. The goal of such models is to develop effective management programs,
that seek both to estimate current or future impacts of alien invasive species, and to
prevent, control, or mitigate their biological invasion. Estimates of the full costs of
biological invasions (i.e., beyond direct damages or control costs) are still rare, since the
costs of such complex problems are hard to calculate. Vild et al. (2009) provided a first
continent-wide assessment of impacts on ecosystem services by all major alien taxa,
including invertebrates, in terrestrial, freshwater, and marine environments. They tried
to compare how alien species from the different taxonomic groups affect “supporting”,
“provisioning”, “regulating”, and “cultural” services and interfere with human well-
being. However, many of these components are difficult if not impossible to quantify,
such as the impacts of alien invasive species on biodiversity, ecosystem functions, hu-
man health and other indirect costs, for instance the impacts themselves of control
measures. Furthermore, estimating the costs of an invasive arthropod that threatens
biodiversity rather than agricultural production is particularly challenging. Precise eco-
nomic costs associated with the most ecologically damaging alien species are simply
not available. Consequently, we need to develop analysis of the ecological impact of
introduced arthropods, especially those that are intentionally introduced for biological
control purposes (Kenis et al. 2009). This is particularly important if we want in the
near future to decrease our intake of pesticides and promote biological control.

Economic applications are also essential to provide more accurate and comprehen-
sive assessments of the benefits and costs of control alternatives that can increase the
effectiveness and efficiency of publicly funded programs. There is also a need for the
development of better databases and modelling approaches to estimate better damages
from invasive species and their control costs. Further research should also be con-
ducted to narrow the uncertainty of the estimates. Work in these areas should help im-
prove invasive species policy and achieve a more effective use of resources. Future cost
estimates should be computed, within a real-time estimation procedure, using updated
infestation measuresand regional input-output economic data.

Quantify and map risks associated with these non-indigenous species

In the case of invasive species, risk can be defined as the probability that an invader
will become established in an area along with some evaluation of the economic con-
sequences of this event. Traditionally, quantifying risks associated with arthropod in-
vasive species require studies on 1) the process of introduction, dispersion and the
pathways used; and 2) the economic consequences of spread in recently contaminated
areas (Yemshanov et al. 2009). However - as emphasized above - biology, life history
and full costs of most potential invasive arthropods are still poorly known and most
risk assessment studies rely on expert judgment or rudimentary analytical approaches.
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Here again the need of integrated tools is overwhelming to produce efficient risk as-
sessment for policy-makers.

Toward a global european tool

Already 1590 alien arthropod species have been introduced and established in Europe
and increased efforts are needed to minimize the risk of introductions and spread of
additional species in the future.

Europe is poorly structured to detect rapidly, efficiently manage and control inva-
sive arthropod species. In face of this global problem, European countries mostly have
responded through nation-specific strategies and disconnected or weakly integrated
projects. This disappointing situation must be changed. Faced with increasing eco-
nomic pressure and despite already large grants in the past, the European Community
has to invest more on invasive species prevention, detection and management.

One of the key elements is the need to establish a European early warning system
and rapid response framework (Genovesi 2009). In the present situation where orna-
mental trade is a dominant pathway for invasion by phytophagous arthropods, a more
thorough survey of parks, gardens and nurseries may function as such an early warn-
ing system. This could also be accompanied by the installation of more sophisticated
quarantine and control measures at invasion ‘hubs’ for the ornamental plant trade (e.g.
in the Netherlands) (Roques 2010).

While there is also a clear need for further research to understand better the eco-
logical and genetic processes that facilitate the introduction and subsequent disper-
sion of exotic arthropods in agricultural and forest ecosystems (Facon et al. 2006),
additional challenges include the improvement of Europe-wide biosurveillance and
prediction tools. Clearly, the management of arthropod invasions will be enhanced by
the integration and future improvement of already existing but widely dispersed tools.
Researchers have to develop prototype Internet based systems to detect and manage
better new arthropod invasions, and these tools should be reinforced through interna-
tional collaborations. We are dealing with an outstanding global problem.
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Abstract

A total of 17 terrestrial crustacean species aliens 0 Europe of which 13 isopods (woodlice) and 4 amphi-
pods (lawn shrimps) have established on the continent. In addition, 21 species native to Europe were
introduced in a European region to which they are not native. The establishment of alien crustacean
species in Europe slowly increased during the 20 century without any marked changes during the recent
decades. Almost all species alien 70 Europe originate from sub-tropical or tropical areas. Most of the initial
introductions were recorded in greenhouses, botanical gardens and urban parks, probably associated with
passive transport of soil, plants or compost. Alien woodlice are still confined to urban habitats. Natural
habitats have only been colonized by three amphipod species in the family Talitridae.

Keywords
Woodlice, lawnshrimps, Europe, alien

7.1.1. Introduction

The orders in the arthropod subphylum Crustacea are mainly composed of aquatic-
living species, at least during part of their life-cycle. Most alien terrestrial crustaceans
belong to the order Isopoda, suborder Oniscidea, commonly named woodlice. But
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several species recorded in Europe belong to the order Amphipoda, and are commonly
known as “lawn shrimps” or “landhoppers”.

In 2004, the total number of valid Isopod species worldwide was 3637 (Schmal-
fuss 2003). Woodlice are adapted to various terrestrial environments from sea shores
to deserts and have established on all continents. As decomposers of organic plant
material, isopods play an important role in ecosystems (Holthuis et al. 1987, Zimmer
2002). Most European species prefer humid and moist micro-habitats (Vandel 1960)
like soil, leaf litter, mosses and decaying wood. Several species are known for their
myrmecophylic nature.

Amphipods are generally marine or limnicolous, and only a few species can live
permanently on land (mainly in the family Talitridae). Some live near the sea, on
beaches where they hide under logs and dead algae and vegetation. The true terrestrial
amphipods live on the surface of mulch and moist ground (Fasulo 2008). Many of the
habitat features of terrestrial amphipods are similar to those of isopods. These little ani-
mals are most commonly noticed by their strong, rapid jumps upon being disturbed.

7.1.2. Taxonomy of alien terrestrial crustaceans

Thirty-eight species belonging to ten different families were recorded during this study.
The four most commonly represented families (all belonging to Isopoda) are Tricho-
niscidae (seven species), Porcellionidae (five species), Philosciidae and Armadillidiidae,
both with five species (Figure 7.1.1.). Two main categories were considered:

* Aliens zo Europe, including 17 crustacean species originating from other conti-
nents (Table 7.1.1).

Aliens in Europe, represented by 21 crustacean species native to a region of Europe
but introduced in another European region to which they are not native. Several
other species considered as cryptogenic or cosmopolitan are probably also aliens
in some parts of Europe. However, in most cases it was not possible to distinguish
their alien range from the native one. Below only those species we classify as aliens
in Europe:

Armadillidiidae: Armadillidium assimile Budde-Lund, 1879, Armadillidium fos-
suthi Arcangeli, 1929, Armadillidium nasatum Budde-Lund, 1885, Armadillidium vul-
gare (Latreille, 1804);

- Oniscidae: Oniscus asellus Linnaeus, 1758;

- Philosciidae: Chaetophiloscia cellaria (Dollfus, 1884);

- DPlatyarthridae: Platyarthrus schoblii Budde-Lund, 1885;

- Porcellionidae: Porcellio dilatatus Brandt, 1833, Porcellio laevis Latreille, 1804, Por-
cellio scaber Latreille, 1804, Porcellionides pruinosus (Brandt, 1833), Proporcellio
vulcanius Verhoeff, 1908;

- Schiziidae: Paraschizidium coeculum (Silvestri, 1897);
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Figure 7.1.1. Taxonomic overview of the Isopoda and Amphipoda species alien #0 and Alien iz Europe.

- Styloniscidae: Cordioniscus stebbingi (Patience, 1907);

- Trachelipidae: Agabiformius lentus (Budde-Lund, 1885);

- Trichoniscidae: Androniscus dentiger Verhoeft, 1908, Buddelundiella cataractae Ver-
hoeft, 1930, Haplophthalmus danicus Budde-Lund, 1880, Metatrichoniscoides ley-
digi (Weber, 1880), Trichoniscus provisorius Racovitza, 1908, Trichoniscus pusillus
Brandt, 1833.

Some of the species above have proved to be very successful colonizers and are
currently considered as part of the native fauna in parts of Europe, e.g. in Hungary.
However, their synanthropic nature and their extremely wide distribution range sug-
gest a long colonisation history as it is the case for Armadillidium vulgare.

In the remainder of this chapter, we will focus mainly on the species alien 70 Europe.

7.1.3. Temporal trends of introduction in Europe of alien terrestrial crus-
taceans

The total number of crustaceans alien 70 Europe has slowly increased during the 20*
and the early 21* centuries, but without any acceleration in the rate of arrival. Two
alien species were first discovered in Europe in the 19" century, about nine species in
the first half of the 20™ century and only five species since then. The majority of these
alien species have been found in several other countries after their discovery in Europe.
However, the number of occupied countries over time has grown steadily rather than
exhibiting exponential growth.

A similar pattern is apparent for woodlice species alien z0 Europe. However, be-
cause of sparcer information on this group, the date for the first introduction is roughly
known for only approximately 50% of species. To our knowledge, at least six species of
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woodlice classified as aliens of Europe were noticed in the first half of the 20* century
and only five more species since then.

Thus, unlike many other invertebrate phyla, the temporal trend in alien crusta-
ceans (both intra-European and alien) has shown no marked changes during recent
decades. As “silent invaders” (Hornung et al. 2007) no terrestrial crustaceans are classi-
fied as pests in Europe; they are elusive animals. We suspect frequently a large gap be-
tween the date of introduction and “discovery” of alien woodlice species. For example,
during an intense eight year survey of the isopod fauna in a large region representing
15% of Hungary, three new alien species for this country were found (Farkas 2007).

To conclude, the atypically gradual trend in the number of alien terrestrial Crus-
tacea in Europe could be an artefact of incomplete knowledge. Because of both the
increasing worldwide trade in ornamental plants and the general ecology of terrestrial
crustaceans (i.e. often hidden in soils), it is more realistic to expect a future exponential
increase in the number of alien species (especially intra-European aliens).

7.1.4. Biogeographic patterns of the alien Crustaceans

7.1.4.1. Origin of the alien species

Species alien 70 Europe almost all originate from sub-tropical or tropical areas (Ta-
ble 7.1.1.). Only one species — Protracheoniscus major (Dollfus, 1903)- is likely to be
native from Central Asia. For several species, their ranges are poorly known (they are
also often introduced in other tropical areas). However, several species do have a precise
origin. The most widely distributed alien woodlouse in Europe is the tropical Ameri-
can Trichorhina tomentosa (Budde-Lund, 1893), while the most widely distributed am-
phipod is Zalitroides alluaudi Chrevreux, 1901. It should be noted that a least six of the
seventeen alien species were originally described from Europe (Great Britain, France
and Germany) after their introduction.

The crustaceans alien iz Europe generally originate from the Mediterranean basin
(seven species), from western and south-western Europe (five species).

7.1.4.2 Distribution of the alien species in Europe

Within Europe, Crustaceans of alien origin have mainly been recorded in western
countries, where they appeared first. The four countries with most species are Great
Britain (11 species), the Netherlands (10 species) and Germany (nine species) (Figure
7.1.2). Comparatively few alien species have been recorded in central and eastern Eu-
rope to date (e.g. only four species in Hungary). In this part of Europe, the Central-
Asian R major is one of the most widespread alien crustaceans. The high number of
aliens in western European countries may be linked to the high number of scientists
and the intensity of soil research (Hornung 2009).
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Figure 7.1.2. Colonization of continental European countries and main European islands by myriapod
species alien to Europe. Archipelago: I Azores 2 Madeira 3 Canary islands.

There are only very few records of alien crustaceans on European islands. 77icho-
niscus pusillus has been reported from the Azores and Madeira, 7. provisorius and A.
assimile from the Azores but these species are native of Continental Europe. To our
knowledge, the only alien aliens recorded on islands are talitrids, Arcitalitrus dorrieni
(Hunt, 1925) in Scilly and Guernsey, Zalitroides ropitotum (Burt, 1934) in the Azores
and Madeira, and 7. alluaudi in the Azores and the Canaries. All these species oc-
cur outdoors and are therefore considered as naturalised. The rarity of alien terrestrial
crustaceans on European islands is likely to be due to the primarily introduction route
being major greenhouses in large metropolitan cities (see below).

Crustaceans classified as aliens of Europe are typically species which have expanded
their range approximately northwards and eastwards. The eastern and central countries
have a higher number of these species than more westerly countries of Europe. For
example, Germany and the Czech Republic, taken together, have nine species of alien
woodlice of European origin, about 45% of the total in this category.
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Figure 7.1.3. Alien terrestrial crustaceans. a Trichorhina tomentosa (Isopoda, woodlice) (credit: Vassily

Zakhartchenko) b Arcitalitrus dorrieni (Amphipoda, lawn shrimp) (Credit: John 1. Spicer).

A striking example of successful colonization and establishment of such species is
given by A. nasatum. This woodlouse is believed to be native to Italy, southern France
and Spain (Vandel 1962). Since the start of the 20" century, it has been introduced
into greenhouses in a number of additional countries of Northern and Central Eu-
rope (e.g. Denmark, Finland, Germany, Hungary, Poland, Slovakia, Sweden), making
this species one of the most widely distributed alien woodlice of Europe. Moreover,
numerous reports highlight the successful establishment of outdoor populations in
several western and central European countries (e.g. the Netherlands, Czech Republic,
Romania, Slovenia) (Berg et al. 2008, Giurginca 2006, Navrdtil 2007, Vilisics and
Lapanje 2005).

Some of the aliens of Europe have also invaded other continents and can be
considered as very successful invaders. The most notable ones are A. vulgare, P
scaber and P pruinosus. Armadillidium vulgare and P pruinosus are probably native
from Mediterranean regions. In northern temperate parts of Europe, these spe-
cies are restricted to synanthropic habitats (e.g. gardens, cellars, compost heaps).
P pruinosus is one of the woodlice that has been spread most by man across the
world (Vandel 1962) and can now be considered as “synanthropically cosmopoli-
tan” (Schmalfuss 2003).

A consequence of the dominance of Mediterranean origin for species classified as
aliens of Europe is their decreasing number towards the north of the continent (Vili-
sics et al. 2007). In the northernmost countries of Europe (e.g. Finland (Vilisics and
Terhivuo 2009)) only the most tolerant habitat-generalists, as well as intra-European
aliens, are able to become successfully established.
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7.1.5. Pathways of introduction of alien terrestrial Crustaceans

Because a great majority of the first isopod introductions were recorded in greenhous-
es, botanical gardens or urban parks, it is clear that many were associated with passive
transport of soil, plants or compost. With few visible effects in such biotopes, terrestrial
crustaceans colonize and spread as undetected “silent invaders” (Hornung et al. 2007).
Thus, most introductions were unintentional. The one known exception is the spread-
ing of 7. tomentosa, commonly sold as pet food, triggered by trading activity in Europe.
This probably explains why, among all the alien crustaceans, 7. romentosa is the most
widespread species in Europe.

Another interesting case is the Mediterranean species 2 schoblii. This myrmeco-
phylous woodlouse is a commensal of the ant Lasius neglectus Van Loon, Boomsma
& Andrésfalvy, 1990 and was first recorded in Hungary in 2001, a few years after the
introduction of the ant. P schoblii was probably introduced at the same time as its ant
host (Tartally et al. 2004). It has since been found regularly (Hornung et al. 2005, Tar-
tally et al. 2004, Vilisics 2007, Vilisics et al. 2007) and is now considered established,
as is L. neglectus.

7.1.6 Ecosystems and habitats invaded in Europe by alien terrestrial
Crustaceans

To our knowledge, the only alien crustaceans invading natural habitats are three
talitrid species. Arcitalitrus dorrieni has invaded leaf litter understoreys of deciduous
woodlands in Great Britain and Ireland (Cowling et al. 2003, Vader 1972). Talitroides
alluandi is known outdoors in the Canary Islands, and 7. zopitorum in the Madeira
Islands, both species in the Azores (Vader 1972). All other species are generally limited
to highly artificial habitats and artificial ecosystems: mostly greenhouses, urban parks
and houses (especially cellars). The proportion of introduced isopods can be very high
in urban areas. A study in Budapest revealed that 35% of the total species (n = 28)
were introduced (Vilisics and Hornung 2009). The major settlements of Hungary were
characterised as “hotspot for non-native species” (Hornung et al. 2008). This could
certainly be applied to many major cities in other European countries.

For the tropical species, especially those recorded only once or twice in Europe,
they may not be considered as established (Table 7.1.1.) since their survival is com-
pletely dependent on warm greenhouses.

Among all alien woodlice, none have spread to more natural habitats. However,
the situation is different for intra-European woodlice native to southern or Mediter-
ranean Europe. These established aliens can successfully expand by dispersal from very
disturbed areas (where they were originally introduced) to more semi-natural habitats
in rural-suburban zones (Vilisics and Hornung 2009). With global warming and the
large-scale disturbance of biomes in Europe, that trend could increase, especially for
the species with large ecological spectra.
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7.1.7. Ecological and economic impact of alien terrestrial Crustaceans

Alien crustaceans in Europe are not known to carry diseases or to have an impact on
native species and natural habitats. Further, they have no economical impact. Based
on existing literature, the occurrence of alien woodlice is strictly bound to the urban
environment (e.g. greenhouses, botanical and private gardens); alien terrestrial isopods
do not yet seem able to survive or to expand to more natural ecosystems.

The case of the alien amphipod A. dorrieni is quite different. Terrestrial amphipods
are known to have many effects on the soil and leaf litter (Friend and Richardson
1986). Arcitalitrus dorrieni has invaded deciduous and coniferous woodlands in west-
ern parts of Great Britain. In Ireland, a study showed that 24.7% of annual litter fall in
a coniferous woodland was ingested by this species. It is suggested that “this introduced
species plays a more important role than native macrofaunal species in nutrient turno-
ver in this particular woodland habitat” (O’Hanlon and Bolger 1999). It is possible
that other, as yet undetected, ecological impacts are likely.

Terrestrial crustaceans can represent a large percentage of biomass and abundance
in the soil macrofauna (Gongalsky et al. 2005). Thus any successful invasion by a ter-
restrial alien crustacean could induce some disturbance if it established in relatively
natural habitats. For example, in a forested area of Florida, a study on the introduced
European woodlouse A. vulgare showed that this species activity “had a strong effect
on the chemistry of the mineral layer” (Frouz et al. 2008) and concluded that in some
cases it may significantly alter soil conditions”.

Woodlice classified as aliens of Europe are usually associated with synanthropic
habitats and often gain dominance in urban environments (e.g. urban parks, villages,
private gardens). The successful colonisation of human- influenced biotopes may lead
to the uniformity of local Isopod assemblages. With the decrease of native species in
the urban isopod fauna, an ongoing process of biotic homogenisation is prevalent in
cities across Europe (Szldvecz et al. 2008, Vilisics and Hornung 2009).
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Table 7.1.1. List and main characteristics of the Crustacean species alien z0 Europe. Country codes abbreviations refer to ISO 3166 (see appendix I). Habitat ab-

breviations refer to EUNIS (see appendix II). Only selected references are given. Last update 16/10/2009.

Order Species Regime Native range | 1st record Invaded Habitat References
Family in Europe | countries
Isopoda
Agnaridae
Protracheoniscus major | Detritivorous Central Asia? | 1903, PL/ | AT, CZ, DE, |] Dudich (1926),Dudich (1933), Dyduch (1903),
(Dollfus, 1903) UA EE, HU, PL, Dominiak (1970), Flasarov4 (1986), Flasarova
RO, SK, UA (1988), Flasarovd (1995), Forré and Farkas
(1998), Frankenberger (1959), Ilosvay (1985),
Schmolzer (1974), Semenkevitsh (1931), Strouhal
(1929), Strouhal (1951), Verhoeff (1930)
Isopoda
Armadillidae
Reductoniscus Detritivorous | Pacific islands | 1930, DE  |DE, FR, GB, |] Berg et al. (2008), Griiner (1966), Holthuis
costulatus Kesselyik, HU, NL (1947), Holthuis (1956), Kesselydk (1930a),
1930 Kesselydk (1930b), Kontschdn (2004), Schmalfuss
(2003), Soesbergen (2003), Vandel (1962),
Verhoeff (1937)
Synarmadillo pallidus | Detritivorous | Congo 2003, NL |NL ] Berg et al. (2008), Schmalfuss (2003), Soesbergen
Arcangeli, 1950 (2003), Soesbergen (2005)
Venezillo parvus Detritivorous | Tropical 2003, NL |GB,NL J Berg et al. (2008), Gregory (2009), Schmalfuss
(Budde-Lund, 1885) regions (2003), Soesbergen (2003)
Isopoda
Philosciidae
Anchiphiloscia balssi Detritivorous East Africa 1928, DE |DE, NL ] Berg et al. (2008), Ferrara and Taiti (1982),
(Verhoefttt, 28) Holthuis (1945), Schmalfuss (2003), Verhoeff
(1928)
Benthana olfersii Detritivorous | Brazil 2, DE DE ] Schmalfuss (2003)
(Brandt, 1833) (Southeast)
Burmoniscus meeusei | Detritivorous | Asia 1947, GB  |GB ] Harding and Sutton (1985), Holthuis (1947)
(Holthuis, 1947)

(0102) 9618 (1) 4SRI0I [ 17 12 pavg20]) 4a1ar]()-24431]



Order Species Regime Native range | 1st record Invaded | Habitat References
Family in Europe | countries
Burmoniscus orientalis | Detritivorous | Asia 2005, AT |AT ] Uteseny (2009)
Green, Ferrara &
Taiti, 1990
Isopoda
Platyarthridae
Trichorhina tomentosa | Detritivorous | America 1896, FR AT, CH, BE, |] Berg et al. (2008), Dollfus (1896a), Foster (1911),
(Budde-Lund, 1893) (Tropical) CH, CZ, Foster and Pack-Beresford (1913), Harding and
DE, FR, GB, Sutton (1985), Holthuis (1945), Jedryckowsky
HU, IE, NL, (1979), Korsés et al. (2002), Meinertz (1934),
NO, PL! Olsen (1995), Pack-Beresford and Foster (1911),
Polk (1959), Schmalfuss (2003), Verhoeff (1937),
Wouters et al. (2000)
Isopoda
Styloniscidae
Styloniscus spinosus Detritivorous | Madagascar, |1907, GB |GB J Edney (1953), Harding and Sutton (1985),
(Patience, 1907) Mauritius Patience (1907), Schmalfuss (2003)
Isopoda
Trachelipodidae
Nagurus cristatus Detritivorous Pantropical 1956, NL |DE, GB, NL, |] Allspach (1992), Berg et al. (2008), Harding
(Dollfus, 1889) RO and Sutton (1985), Holthuis (1956), Oliver and
Meechan (1993), Radu (1960), Schmalfuss (2003)
Nagurus nanus Detritivorous | Tropical 1985 GB GB, IE Foster (1911), Foster and Pack-Beresford (1913),
Budde-Lund, 1908 regions Harding and Sutton (1985), Schmalfuss (2003),
Sutton (1980)
Isopoda
Trichoniscidae
Miktoniscus linearis Detritivorous | USA (East) ? |1908,GB DE, GB Kesselydk (1930a), Patience (1908), Schmalfuss
(Patience, 1908) (2003), Vandel (1962)
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Order Species Regime Native range | 1st record Invaded | Habitat References
Family in Europe | countries
Amphipoda
Talitridae
Arcitalitrus dorrieni Detritivorous | Australia 1925,GB  |GB,IE,NL |Gl,]J Cowling et al. (2003), Cowling et al. (2004a),
(Hunt, 1925) (East) Cowling et al. (2004b), Hunt (1925), Moore and
Spicer (1986), Peart and Lowry (2006), Spicer and
Tabel (1996)
Brevitalitrus hortulanus| Detritivorous | Tropical 1912, GB  |GB, NL J Calman (1912), Friend and Richardson 1986,
Calman, 1912 regions? Vader (1972)
Talitroides alluaudi Detritivorous | Tropical 1896, FR BE, CH, CZ, |G1,] Chevreux (1896), Dudich (1926), Friend and
(Chevreux, 1896) regions, DE, DK, ES- Richardson (1986), Hunt (1925), Vader (1972)
Seychelles Isl.? CAN, FI,
FR, GB, HU,
NL, PL, PT-
AZO, SE
Talitroides topitotum | Detritivorous Indo-Pacific |1942, DE |DE, GB, NL, |G,] Friend and Richardson (1986), Stock and
(Burt, 1934) PT-AZO, Biernbaum (1994), Vader (1972)
PT-MAD

1 Trichorhina tomentosa is on sale as reptile food in many European pet shops.
After this table was established, Gregory (2009) mentioned the presence of two more alien species in Great Britain, Sgyloniscus mauritiensis (Barnard, 1936) (Stylo-
niscidae) from Hawaii and Mauritius and Sezaphora patiencei (Bagnall, 1908) (Philosciidae) from The Réunion and Mauritius islands.
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Abstract

Alien myriapods in Europe have never been subject to a comprehensive review. Currently, 40 species
belonging to 23 families and 11 orders can be regarded as alien to Europe, which accounts approximately
for about 1.8% of all species known on the continent. Millipedes (Class Diplopoda) are represented by
20 alien species, followed by centipedes (Class Chilopoda) with 16, symphylans with 3 and pauropods
with only 1. In addition there are numerous cases of continental species introduced to the Atlantic and
Mediterranean islands or others of southern origin transported and established in North European cities.
The eatliest record of an alien myriapod dates back to 1836, although the introduction of some species
into Europe could have begun already in historical times with an increase in trade between ancient Greeks
and Romans with cities in the Near East and North Africa. In post-medieval times this process should
have intensified with the trade between Europe and some tropical countries, especially after the discoveries
of the Americas and Australia. The largest number of alien myriapods (25, excl. intercepted) has been re-
corded from Great Britain, followed by Germany with 12, France with 11 and Denmark with 10 species.
In general, northern and economically more developed countries with high levels of imports and numer-
ous busy sea ports are richer in alien species. The various alien myriapods have different origins, but most
of them show tropical or subtropical links (28 species, 70%). Eight of them (20%) are widespread in the
Tropical and Subtropical belts, eleven (circa 28%) are of Asian origin, seven show links with South and
Central America, and one each originates from North America, North Africa, Australasia, and islands in

Copyright P. Stoev et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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the Indian Ocean. Ten myriapods are of unknown origin (cryptogenic). Only 12 species (ca. 30%) of all
have established in the wild in Europe. At the present time alien myriapods do not cause serious threats to
the European economy and there is insufficient data on their impact on native fauna and flora.

Keywords
Diplopoda, Chilopoda, Symphyla, Pauropoda, Europe, alien, invasions, intercepted species, biogeograph-
ical patterns

7.2.1. Introduction

Myriapods are terrestrial wingless arthropods with elongated bodies composed of more
or less similar segments, most of which bear one or two pairs of legs. Four classes are
recognised: Pauropoda, Symphyla, Chilopoda and Diplopoda. Approximately 15 000
species from nearly 160 families are currently known in the world. The Diplopoda is
by far the most diverse group, comprising roughly 11 000 species (Adis and Harvey
2000). A total of 2,245 myriapod species or subspecies from 15 orders and 70 fami-
lies are currently known in Europe (http://www.faunaeur.org/statistics.php), of which
1,529 are Diplopoda, 481 Chilopoda, 41 Symphyla and 125 Pauropoda. All members
of the class Diplopoda (millipedes) have two pairs of legs per diplosegment for most
segments. Several morphotypes have been recognised, i.e. juloid, polydesmoid, polyx-
enoid, platydesmoid and glomeroid (Kime and Golovatch 2000), of which the former
two are especially rich in species both in Europe and worldwide. Most of the species are
cylindrical or flattened dorsally, often with prominent lateral projections, generally me-
dium- to large-sized (up to 8-9 cm in the genera Pachyiulus and Eurygyrus). Some spe-
cies of the order Glomerida, or pill millipedes, are oniscomorph, capable of rolling up
into a tight ball. Members of the order Polyxenida, or “dwarf millipedes”, are minute
in size and with peculiar hairs along the body arranged in groups and tufts like small
pin-cushions or brushes. The number of legs varies between species, often (especially
in juloids) even individually, the record being 375 pairs in the North American sipho-
nophoridan species /llacme plenipes Cook & Loomis, 1928 (Marek and Bond 2006).
Species of the class Chilopoda (centipedes) have an elongated flattened trunk and
bear one pair of legs per segment, with a total number ranging between 15 and 191 pairs.
Centipede body length varies from a few millimeters in some species of genus Lithobius
(Monotarsobius) to approximately 30 cm in the Neotropical species Scolopendra gigantea
(Minelli and Golovatch 2001). All centipedes have a pair of poison claws, or forcipules,
which represent modified first body appendages. About 3,500 valid species and subspe-
cies from 5 orders and 22 families are known in the world (Minelli 2006, Edgecombe
and Giribet 2007). The other two myriapod classes — Symphyla and Pauropoda — consist
of very small species, with body length of 2-8 and 0.5-1.9 mm respectively, both still re-
maining very poorly studied. The number of described symphylans and pauropods in the
world is roughly estimated to about 200 and 700, respectively (Adis and Harvey 2000).
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Most millipedes, as well as all pauropods and symphylans, are phytophages, detri-
tivores or saphrophages. A few millipedes can be regarded as omnivores, e.g. Blaniulus
guttularus (Fabricius, 1798), Uroblaniulus canadensis (Newport, 1844), or even preda-
tors, like Apfelbeckia insculpra (L. Koch, 1867), Callipus foetidissimus (Savi, 1819), and
Abacion magnum (Loomis, 1843), which have been observed feeding on earthworms,
flies and spiders (Hoffman and Payne 1969, Golovatch 2009). Other species feed on
their own exuvia or fecal pellets (Minelli and Golovatch 2001).

Centipedes are mostly predatory, feeding on different available prey items in the
soil (earthworms, enchytraeids, snails, slugs, small insects — both larvae and adults —
and other arthropods). More details on the biology and ecology of millipedes, centi-
pedes and the two other, smaller myriapod classes can be found in Hopkin and Read
(1992), Lewis (1981), and Verhoeff (1933, 1934).

Little information is as yet available on the non-indigenous myriapods in Europe
(DAISIE 2009, Roques et al. 2009). The most recent overview of alien organisms
in Europe (see DAISIE 2009, p. 225) lists two centipedes (Lamyctes emarginatus,
Lamyctes caeculus) and three millipedes (Oxidus gracilis, Eurygyrus ochraceus, Sechel-
lobolus dictyonotus = Paraspirobolus lucifugus) as alien to Europe. Some papers have
been, however, published on the ecology, morphology and post-embryonic develop-
ment of several alien centipedes (Andersson 1984, 2006, Bocher and Enghoff 1984,
1975a, Negrea 1989) and millipedes (Enghoff 1975b, 1978, 1987, Golovatch et al.
2000, et al. 2002). Lists of alien species have been published for a few countries
only, such as Germany (Kinzelbach et al. 2001), Austria (Gruber 2002, Gruber and
Christian 2002), the Czech Republic (Sefrovd and Lastivka 2005), Switzerland
(Wittenberg 2005), Italy (Zapparoli and Minelli 2005) and Great Britain (Barber
2009a, b). Increasing attention has been paid in the last decades to species which
have accidentally arrived in Europe (see Barber 2009a, BBC News 2005, Christian
and Szeptycki 2004, Gregory and Jones 1999, Lewis 1988, Lewis and Rundle 1988
for centipedes and Andersson and Enghoff 2007, Enghoff 2008a and Read 2008
for millipedes).

7.2.2. Taxonomy of the myriapod species alien to Europe

Alrogether, 40 species belonging to 23 families and 11 orders can be regarded as
alien to Europe (Table 7.2.1). This accounts approximately for about 1.8% of all
myriapods known on the continent. Millipedes are represented by 20 alien species,
followed by centipedes with 16, symphylans with 3 and pauropods with only 1. The
relative proportion of alien species is highest in Symphyla (7.3%) and Chilopoda
(3.3%), and the lowest in Pauropoda (0.8%) and Diplopoda (1.3%). The centipede
family Henicopidae is the richest in alien species (5 species), followed by Scutigerel-
lidae, Mecistocephalidae, Scolopendridae, Paradoxosomatidae and Pyrgodesmidae,
each with three species. The remaining 17 families are represented by only one or
two species each (Figure 7.2.1).
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Figure 7.2.1. Relative importance of each family in the alien (right side) and native (left side) myriapod
fauna in Europe. Number near the bar indicates the number of species. Families are listed in a decreas-
ing order based on the number of alien or, in alternative, native species.

Striking is the absence of alien species in Europe of the species-rich order Spiro-
streptida since spirostreptidans, for instance Hypocambala anguina (Attems, 1900) and
Glyphiulus granulatus Gervais, 1847, are quite widespread in the tropical countries and
show a clear tendency to anthropochorism (Jeekel 1963, Shelley 1998).

Several myriapods have been intercepted at their arrival in Europe from consign-
ments from other countries but have never managed to establish themselves. Barber
(2009a) provided a list of centipede species captured and registered by the Central Sci-
ence Laboratory (now FERA) in the UK when imported with exotic plants, fruits and
luggage (Table 7.2.2). Two of them, Lithobius forficatus and L. peregrinus, are European
natives which have long been introduced to Australia and New Zealand, so their inter-
ception in Great Britain is a clear case of re-introduction.

A similar list for intercepted millipedes examined by the Central Science Labora-
tories between 1975 and 2006 (S. Reid pers. comm.) is more substantial with some 85
entries over this period of time (Table 7.2.2). Of these 36 were records of Oxidus graci-
lis from a wide range of different parts of the world (W & S. Europe, Canary Islands,
Israel, N., C. and S. America, Australia, China, Japan, Malaysia, Singapore, India,
Nepal, N., W. and S. Africa and Madagascar). Other types found included members
of the Polydesmida (dalodesmids, parodoxomatids, polydesmids), Spirosteptida (from
Australia, New Zealand and Africa), Julidae and Blaniulidae. Amongst species from
the latter two families were the NW European Blaniulus guttulatus and Cylindroiulus
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londinensis (both from Australia) and Ommatoiulus moreletii (originating in the Iberian
Peninsula, introduced to Australia in 1953 and now a pest species there; in this list
reported from both that country (tree fern) and South Africa (melon fruit)).

Man-aided introductions of species from one part of Europe to another have played
a prominent role. One of the most common synanthropic centipedes in North Europe
is the Mediterranean “house centipede” Scutigera coleoptrata (Linnaeus, 1758). It has
been introduced to a number of North European cities, e.g., Copenhagen, Edinburgh,
Aberdeen, Leiden, etc., where it survives only in buildings. The earliest record in the
British Isles of this species is perhaps that by Gibson-Carmichael (1883) who recorded
it from a paperworks near Aberdeen. It could have been established there already for 25
years and arrived in bundles of rags from South Europe (Barber 2009a); at the present
time it is sporadically reported from inside buildings in various parts of Britain and
seems to be common in houses in St. Peter Port (Guernsey) and St. Helier (Jersey) in
the Channel Islands from where it has also been reported from outdoor sites. Other
cases of south or central European species being introduced to northern countries that
perhaps still survive only in buildings, hothouses, gardens or similar man-made habi-
tats are: Tuoba poseidonis (Verhoeff, 1901) in Finland, Dicellophilus carniolensis (C.L.
Koch, 1847), Lithobius lucifugus L. Koch, 1862, Lithobius peregrinus Latzel, 1880, Ha-
plopodoiulus spathifer (Brolemann, 1897) and Cylindroiulus salicivorus Verhoeff, 1908
in Great Britain, Cylindroiulus vulnerarius (Berlese, 1888) in Sweden, Pachyiulus varius
(Fabricius, 1781) in Norway, etc. (Barber 1995, Barber and Eason 1986, Barber and
Keay 1988, Bergersen et al. 2006, Lee 2006, Read 2008).

Even within the same geographic area some indigenous species occur at localities
that are not part of their primary distribution area, most probably as a consequence
of accidental anthropogenic introductions. Examples are the records from Italy of
Lithobius infossus Silvestri, 1894 near Padua (Minelli 1991), of L. peregrinus Latzel,
1880 in northeastern and central Italy (Minelli 1991, Zapparoli 1989, Zapparoli
20006), of Pleurolithobius patriarchalis (Berlese, 1894) in the Egadi, Pontine and Cam-
pania islands (Zapparoli and Minelli 1993), and of Scolopendra cingulata near Milan
(Manfredi 1930).

Island invasions by continental species is another phenomenon worth mention-
ing. Eason in a study on the Icelandic fauna, concluded that most centipede and
millipede species probably arrived by human transport (Eason 1970). Examples of
recent introductions to Iceland are Geophilus truncorum Bergsoe & Meinert, 1866,
Polydesmus inconstans Latzel, 1884, and Brachydesmus superus Latzel, 1884, which “...
have only been found on Heimaey, one of the Vestman Islands, which supports a
town and where casual introduction by human transport is likely: they have probably
been introduced quite recently and the two millipedes seem still to be confined to
the outskirts of the town”. Regarding the other two possibly allochthonous species,
Lithobius forficatus (Linnaeus, 1758), and Lithobius erythrocephalus C.L. Koch, 1847,
Eason wrote, “these two species may be confined to the south owing to the relatively
warm and humid southern climate, but their restricted distribution might also be
explained by their having been introduced by Norse settlers ....”. The first Norse set-
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tlements on Iceland were established in the ninth century A.D., so this must have
happened after that time.

According to Enghoff (2008b), of the 21 species of centipedes recorded in Madeira
17 are introduced and 2 are probably introduced. High rates of introduction are also
known for the Azores and Canary Islands (Borges and Enghoff 2005, Zapparoli and
Oromi 2004) (Table 7.2.3). All symphylans on the Canary Islands have been consid-
ered as possibly introduced. Likewise, only two of 21 millipede species are considered
native on the Azores (Enghoff and Borges 2005).

The geophilomorph centipede Nyctunguis persimilis Attems, 1932 was originally
described from Turkey and has not been found there since in spite of the active work
of the second author who has published several papers on the Turkish centipede fauna
during the last 20 years. Taking into account that the species was recently found in
synanthropic habitats in the outskirts of Vienna (Christian 1996) and that all other
congeners occur in the Nearctic region, it is very likely that the type locality (the sur-
roundings of Ankara, Turkey) is erroneous and the material was actually mislabeled
(Zapparoli 1999).

Mecistocephalus maxillaris (Gervais, 1837), one of the first alien centipedes to be
recorded in Europe, is another poorly known species. It was described from the gardens
of the Muséum National d’Histoire Naturelle, Paris, and subsequently recorded from
numerous places around the world. However, most of the records were certainly based
on misidentifications with the morphologically similar M. guildingii or M. punctifrons
actually being involved (Bonato et al. 2009). According to Bonato et al. (2009), most
of the records in Europe e.g., those from Germany, Great Britain, France (not the type
specimen but material taken subsequently from a greenhouse in the Paris Museum, cf.
Brolemann 1930) and Portugal (Madeira), are referable to M. guildingii, while those
from the Netherlands and Denmark require further clarification.

The actual taxonomic status and native range of Ghilaroviella cf. valiachmedovi re-
mains uncertain. The same applies to the millipede Chondrodesmus cf. riparius which
shows some differences from the original description by Carl (1914) and its identity
cannot be clarified without a comprehensive review of the entire genus (Enghoff 2008a).

7.2.3. Temporal trends in the introduction of alien myriapod species to
Europe

Introductions of alien myriapods into Europe probably began several centuries ago,
even though a precise arrival date is hard to determine. Only 10 out of 40 species were
recorded for the first time in Europe in the 19" century while most of the records date
from the 20™ (26 species) and 21 centuries (4 records).

Gervais was virtually the first person to record alien myriapods in Europe (Gervais
1836, 1837). He described the tropical millipede Zulus lucifugus (now Paraspirobolus
lucifugus) and the geophilomorph centipede Mecistocephalus maxillaris from green-
houses of the Paris Museum. The means of arrival of both species remains obscure but
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must be linked to the establishment of the greenhouses and the planting of tropical
flowers, perhaps already by the end of the 18" century. P lucifugus has been subse-
quently recorded in intervals of around 6070 years from greenhouses near Hamburg
(Latzel 1895), Hortus Botanicus Amsterdam (Jeekel 1977), a greenhouse in Copenha-
gen (Enghoff 1975b), and more recently from the Tropical Biome at the Eden project
(Lee 20006). This can hardly be regarded as reflecting the actual course of colonization
but rather the date of investigation and the level of effort involved in each case.

The only alien millipede that has invaded some natural ecosystems in Europe and
acclimatized is the East Asian species Oxidus gracilis. Perhaps the earliest records of this
species in Europe are those of Tomdsvéry (1879) from the Margaret Island in Danube,
Hungary, and of Latzel (1884) from greenhouses in Zeist, Utrecht, and Amsterdam
in the Netherlands. Subsequently it was also found in Edinburgh in 1898 and in Kew
Gardens in Great Britain (Evans 1900, Pocock 1902). In Finland the species was first
recorded in 1900, but since the sample already contained several specimens the species
must have arrived there at least two years earlier (Palmén 1949). The mechanism of
dispersal of the species within Europe is certainly related to the trading and growing
of tropical plants in the greenhouses as in some places this process must have hap-
pened more than once. According to Palmén (1949), the population of O. gracilis in
the greenhouses of Hanko, South Finland went extinct during the period 1939-1943
when they were not kept warm. In 1946 a single female was found in a greenhouse
with plants imported from Belgium, in 1947 its numbers increased considerably and
the next year it was already very abundant in the whole greenhouse complex.

Golovatch (2008) suggested that the intense trade ties between the ancient town
of Khersonesos in the Crimea and the town of Pergam (= Bergama), a major centre of
red ceramics production of the time in present-day Turkey, as possible pathways for the
introduction of Eurygyrus ochraceus in the Ukraine. He also pointed out that the Bul-
garian population near Varna may owe its origin to the very active commerce in Ro-
man times between Bergama and the colonies in Moesia (= currently northern Bulgaria
and southern Romania), including Odessos (= Varna). The area and trade connections
were already quite developed by the mid-4" century B.C. or even earlier, under ancient
Greeks, so this introduction must have happened around that time.

Members of the genus Lamyctes are represented in Europe only by parthenogenetic
populations. Males of L. emarginatus are known only from Macaronesia, New Zealand,
Tasmania and Hawaii (see also Attems (1935) and Zapparoli (2002) for the record of a
single male from Greece), while males of L. coeculus are only known from a greenhouse
in Italy and from Cuba (Enghoff 1975a). Taking into account that the entire family
Henicopidae is predominantly distributed in the Southern Hemisphere, and presum-
ing that the regions where males are being found are the native areas of the species, L.
emarginatus could have been introduced to Europe from one of the above regions, most
likely from Australia or New Zealand. The earliest confirmed record is from Denmark
in 1868 (see Meinert 1868). Lamyctes coeculus was first found in a greenhouse in Italy
at the end of 19™ century (Brélemann 1889), but its presence in the area would have
been older. It has been recently found in Great Britain (Barber 2009b).
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The earliest records of Cylindroiulus truncorum in Europe date from the 1920’
and, according to Schubart (1925), the Central European populations are probably of
relatively recent origin. In Finland it was first reported in 1945 and in the following
three years its numbers increased considerably. It is completely lacking in older collec-
tions (Palmén 1949).

One of the recent introductions is the large Neotropical millipede Chondrodesmus
cf. riparius which was first recorded in 2000 in a flowerpot in the telephone office of
Umed University, northern Sweden. It was found again elsewhere in Sweden in 2006
and, later, in January 2007, it was also recorded in a flowerpot with a palm (Phoenix
robbelini) in an office in Copenhagen and in a flowerpot in Bonn (Enghoff 2008a).
There are further records of the species from flowerpots in Germany and also a recent
one in Norway (Goran Andersson in litt.), so it seems that the species is dispersing well
with palm pots.

The study of the invertebrate fauna of Kew Gardens, Great Britain began al-
ready at the beginning of 20 century with papers by Pocock (1902, 1906) and
continues today (Blower and Rundle 1980, 1986, Read 2008). Some of the spe-
cies recorded by Pocock such as Scolopendra morsitans, Trigoniulus corallinus and
Asiomorpha coarctata have not been re-found since then and most likely could not
become established in Kew Gardens. At the same time Paraspirobolus lucifugus, Am-
phitomeus attemsi, Cylindrodesmus hirsutus, Rhinotus purpureus and Pseudospirobolel-
lus avernus, species not previously known from Britain have been recorded recently
in the Tropical Biome at the Eden project in Cornwall (Read 2008, Barber 2009b,
Barber et al. 2010).

7.2.4. Biogeographic patterns of the myriapod species alien to Europe

Records of exotic species are not evenly distributed in Europe but this is mainly due
to the different levels of investigation of this area. The highest number of species (25)
has been recorded from Great Britain, followed by Germany with 12, France with
11 and Denmark with 10 alien myriapods (Figure 7.2.2). In general, northern and
economically more developed countries with high levels of imports and numerous
busy sea ports are richer in alien species. These countries also, in general, have poorer
native faunas meaning that a small number of aliens can constitute a large percent-
age of the fauna. Several species are hitherto known in Europe from a single country
only, e.g. Prosopodesmus panporus, Pseudospirobolellus avernus, Tygarrup javanicus and
Cryptops doriae, which implies recent introductions or poor dispersal abilities. Oth-
ers, such as Eurygyrus ochraceus, Paraspirobolus lucifugus and Lamyctes coeculus, have
a larger but yet fairly restricted distribution limited to two or more countries. The
most widespread species are the parthenogenetic centipede Lamyctes emarginatus,
whose range in Europe spreads from the Urals to Iceland [outdoor species], and
the bisexual millipede Oxidus gracilis, reported from 33 countries, including several
Mediterranean islands.
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The various alien myriapods have different origins, but most of them show tropi-
cal or subtropical links (28 species, 70%). Eight of them (20%) are widespread in the
Tropical and Subtropical belts, very often introduced by human agency to islands and
synanthropic areas on continents. Their native range cannot so far be determined with
certainty (Figure 7.2.3). Eleven (circa 28%) alien myriapods are of Asian origin, the
majority (10 species) having their native range in East or Southeast Asia, and only one
from West Asia, namely Anatolia. Cylindroiulus truncorum is perhaps the only North
African myriapod introduced to Europe just as Brachyiulus pusillus (Leach, 1814) so
far is the only European julid introduced to North Africa (Akkari et al. 2009). The
only species that seems to be an Australasian native (Australia and New Zealand) is
Lamyctes emarginatus. Among henicopids, Rhodobius lagoi and Ghilaroviella cf. valia-
chmedovi are of particular interest being members of monotypic genera and the only
representatives in Europe of the subfamily Anopsobiidae which comprises chiefly spe-
cies with Gondwanan distribution patterns. Besides Rbhodobius, four other monotypic
genera represent the subfamily in the Northern Hemisphere, occurring in Vietnam,
Japan, Kazakhstan, and Tajikistan (Edgecombe 2003, Farzalieva et al. 2004). Of Cen-
tral or South American origin are seven species (circa 18%), and one each from North
America and islands in Indian Ocean. The sole record of the pantropical geophilo-
morph centipede Orphnaeus brevilabiatus in Europe comes from Bohuslin, a Swedish
province in the northern part of the W coast, where the animal was collected in the
19* century (Andersson et al. 2005).

Ten centipedes and millipedes have been considered as cryptogenic (= species of
unknown origin which cannot be ascribed as being native or alien). Some of them such
as the geophilid Arenophilus peregrinus and the schendylid Nyctunguis persimilis, which
have only been reported from the Isles of Scilly, Great Britain and Austria respectively
(Barber 2008, Christian 1996) whereas all the other species of these genera live in
North America, are of likely Nearctic origins. Another suspected introduction of un-
certain origin is Nothogeophilus turki which has hitherto been known only from Scilly
and the Isle of Wight, Great Britain (Lewis et al. 1988) and represents a monotypic
genus. However, we cannot completely exclude the possibility that some cryptogenic
species suspected to be alien are actually native to Europe. Support for this notion we
find in the scolopendromorph centipede 7heatops erythrocephalus C.L. Koch, 1847,
which occurs in various natural habitats (including caves) in the Pyrenees and the
western part of the Balkans (with a gap between these geographic areas), while all its
other four congeners occur in North America (Minelli 2000).

Unknown also is the origin of the symphylid Hanseniella oligomacrochaeta described
from a hothouse in the Botanical Garden in Berlin; according to Scheller (2002), all
species in the genus Hanseniella have tropical-subtropical distributions. The haplode-
smid Prosopodesmus panporus is only known from the Royal Botanic Gardens in Kew,
England, while its other described congener, P jacobsoni Silvestri, 1910, is pantropical
(Golovatch et al. 2009). Likewise, it is uncertain whether Napocodesmus endogeus, a
millipede described solely from females collected in the garden of Cluj University, is
a European native or not. According to Tabacaru et al. (2003), the generic allocation
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Figure 7.2.2. Colonization of continental European countries and main European islands by myriapod
species alien to Europe. Archipelago: | Azores 2 Madeira 3 Canary islands.

of the second species described in the genus, V. florentzae Tabacaru, 1975, hitherto
known from Romania and Moldova, is not certain and since there are no other records
of N. endogeus in nature it might be an introduced species.

7.2.5. Pathways for the introduction of alien myriapod species in Europe

All of the alien myriapods have most probably been accidentally introduced to Europe
with plant material in relation to human activities and trade between Europe and other
continents such as Asia, Australasia and the Americas. This process must have begun
with an increase in trade between ancient Greek and Romans with cities in Asia Minor
and North Africa and should have intensified in post-medieval times with the trade be-
tween Europe and some East Asiatic countries (e.g. Japan, China) and the geographic
discoveries of the Americas and, later, of Australia. This process is still going on with
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Figure 7.2.3. Geographic origin of the myriapod species alien to Europe (in percent).

the trade of tropical flowers and other plants and their cultivation in houses and green-
houses or with the importing of goods from tropical countries. Even large species could
be transported this way, as is the recent case of the discovery of the largest centipede
Scolopendra gigantea, found in 2005 in a house in London, which is thought to have
arrived with a cargo of electrical goods or fruit (BBC News 2005). Pocock (1906) sug-
gested the possible countries whence a variety of alien species found in Kew Gardens
were introduced with their host plants: India (Scolopendra morsitans, Mecistocephalus
guildingii), Sti Lanka (Chondromorpha kelaarti), Barbados (Anadenobolus monilicornis),
Saint Vincent Island (A. vincenti).

The distribution of the alien diplopods in Europe shows that all the species living
here in greenhouses are much more widespread compared to e.g. the restricted outdoor
species Eurygyrus ochraceus. It is also likely that the obligate thelytokous parthenogen-
esis (= sexual reproduction giving rise to females only) shown in continental Europe
by several of the exotic millipedes and at least one of the centipedes has facilitated
their survival during transport and their establishment on the continent. However,
bisexual populations are known from the Azores and the Canary Islands for Lamyctes
emarginatus (Enghoff 1975a). Species from other centipede orders, such as the mecis-
tocephalid Zjgarrup javanicus also presumably reproduce by parthenogenesis since so
far only females have been found in the hothouse at the Eden project, in Great Britain
(Barber 2009b).

The number of exotic diplopods in Europe is far smaller (3—4 times) than
that of European species introduced to other continents. Apparently, this could
mean that the arrival and, especially, becoming resident in Europe is much more
difficult than the converse process. The asymmetry has probably nothing to do
with quarantine controls at European borders. Instead, it may be due to specific
ecological and biological patterns exhibited by the successful invaders. Many of
the alien millipedes and centipedes which have successfully invaded Europe be-
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Figure 7.2.4. Scolopendra gigantea Linnaeus, 1758 [Chilopoda: Scolopendromorpha: Scolopendridae]
caught in 2005 in apartment in London, perhaps arrived with a cargo of electric goods or fruit. Source:

BBC News: http://news.bbc.co.uk/go/em/fr/-/1/hi/england/london/4201634.stm

Figure 7.2.5. Tygarrup javanicus Attems, 1929 [Chilopoda: Geophilomorpha: Mecistocephalidae].

United Kingdom: Eden Project, Cornwall. Credit: Anthony Barber.

long to genera moderately rich to rich in species, such as Poratia, Chondrodesmus,
Lamyctes, Cryptops, etc. A pertinent question arises as to why often only one species
succeeds in establishing populations on foreign continents, sometimes becoming
quite widespread to even cosmopolitan, whereas its rather numerous congeners
fail to do so. Specific adaptive ecological patterns may be an issue, but, as noticed
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Figure 7.2.6. Rhinotus purpureus (Pocock, 1894) [Diplopoda: Polyzoniida: Siphonotidae]. Japan: Minami-
Daito. Credit: Zoltdn Korsés.

Figure 7.2.7. Eurygyrus ochracens C.L. Koch, 1847 [Diplopoda: Callipodida: Schizopetalidae]. Ukraine:
Crimea. Credit: Kiril Makarov.

above, obligate or opportunist parthenogenesis is probably a major trait favoring
dispersal at least because a single founder juvenile or female is sufficient to ar-
rive at destination and found a population. It has to be noted that the successful
myriapod invaders tend to be among the smallest species, thus being more easily
transported, better fitted to find a suitable microhabitat, and sometimes requiring
a shorter time and even a smaller number of developmental stages to reach matu-
rity (Golovatch 2009).
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Figure 7.2.8. Chondrodesmus cf. riparius Carl, 1914 [Diplopoda: Polydesmida: Chelodesmidae]. Denmark:
Copenhagen. Credit: Gert Brovad.

Figure 7.2.9. Oxidus gracilis (C.L. Koch, 1847) [Diplopoda: Polydesmida: Paradoxosomatidae]. Italy:

Porto Badino (Borgo Hermada — Terracina). Credit: Massimiliano Di Giovanni.
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Figure 7.2.10. Paraspirobolus lucifugus (Gervais, 1836) [Diplopoda: Spirobolida: Spirobolellidae]. Japan:
Okinawa. Credit: Zoltdn Korsos.

Another possible pathway of the introduction of exotic myriapods to Europe is
their intentional import as ‘pets’, and their further escape from pet keepers. Large
Scolopendra spp., as well as some large and colorful millipedes of the orders Spiroboli-
da, Spirostreptida and Sphaerotheriida are quite popular pet animals subjected to trade
in pet shops. Although there are many guides and internet resources available for keep-
ing and caring for exotic species, there is no reliable information about the importance
of the ‘pet’ trade for the introduction of alien myriapods to Europe. However, the
establishment of pet myriapods in the wild is in most cases very unlikely.

7.2.6.The most invaded ecosystems and habitats

Man-made artificial environments (pastures and cultivated lands, greenhouses, urban
and suburban areas) constitute the main habitat types hosting alien myriapods (Ta-
ble 7.2.1). Species of tropical and subtropical origin are likely to be restricted to green-
houses or equivalent artificially warmed habitats. Some of them, in the summer season
in the southern countries perhaps could survive also outdoors in close proximity to the
hothouses. However, 11 species have been reported from natural habitats in Europe,
where they most likely were able to establish viable populations. So far the alien spe-
cies of symphylans and pauropods are unknown in natural areas, which is not the case
with several species of the other two myriapod classes. The millipede Oxidus gracilis,
which is bisexual everywhere and is naturalized in several areas in Europe and in the
Caucasus, has been found in forests close to suburban and urban areas (Tomosvéry
1879), in woodlands of Robinia pseudoacacia in the Kanev Nature Reserve, Ukraine
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Figure 7.2.11. Trigoniulus corallinus (Gervais, 1847) [Diplopoda: Spirobolida: Trigoniulidae]. Taiwan.

Credit: Zoltin Korsés.

(Chornyi and Golovatch 1993) and records from caves also exist (Strasser 1974, Vicen-
te and Enghoff 1999). On the Canary Islands the species is quite widespread invad-
ing various, mostly dry and warm, habitats (Arndt et al. 2008). According to Palmén
(1949), O. gracilis dies when subjected for 2 hours to a temperature of minus 4°C.
This means that in North Europe the species can survive only in hothouse conditions.
Cylindroiulus truncorum mainly inhabits synanthropic habitats: greenhouses, gardens,
parks, woodpiles, school grounds, cemeteries, spoil heaps, horticultural nurseries
(Kime 2004, Korsés and Enghoft 1990).

Eurygyrus ochraceus occurs in the Crimea only in a patch of semi-natural xero-
phytic vegetation ca. 1 km long and 100-300 m wide along a watershed. It was re-
ported to be rather common, although not too abundant on the site and is definitely
an anthropochore (Golovatch 2008).

Lamyctes emarginatus shows remarkable plasticity regarding the surrounding envi-
ronment, although in the British Isles there is preponderance of rural records in com-
parison with (sub)urban ones. In artificial habitats it has been reported from gardens,
roads, roadside verges, hedges, embankments, crops of Zea mays and Medicago sati-
va, even in human rubbish (Eason 1964, Minelli and lovane 1987, Barber and Keay
1988). In natural habitats it lives in various woods (deciduous or mixed coniferous/
deciduous) and has also been recorded from open and coastal areas (Barber and Keay
1988, Zerm 1997, Zapparoli 2006). According to Andersson (2006), it predominates
in open and disturbed areas with sparse vegetation. A great many of these localities
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are associated with lake shores, river gravels or river banks. L. emarginatus shows clear
preferences for temporarily flooded sites, no matter for how long the inundation lasts.
Its appearance as a pioneer species on mine sites may indicate that the species shows
preference to disturbed habitats (Zerm 1997). In close proximity to water pools the
species abundance can reach 95% of all centipedes (Minoranskii 1977).

Two of the (presumed) alien geophilomorphs, Arenophilus peregrinus and Notho-
geophilus turki, have been recorded in coastal areas, where they occur under stones and
in soil close to rocky sea cliffs with sparse vegetation although A. peregrinus has been
found inland in Cornwall in woodland and one of the Isle of Wight records for Nozho-
geophilus turki was from an area of demolished buildings with copious rubbish on the
ground although no more than 5 m from the tidal river (A.N. Keay pers. comm.).

Considerable fluctuation in the abundance of some alien species have been observed
by Barber (2009b) in the tropical hothouse of the Eden Project. 2 lucifugus which was not
found in 2003/4, was rather restricted in its occurrence in 2005, had become abundant
throughout by 2009. Likewise, C. doriae which has been relatively uncommon and limi-
ted in occurrence in 2005 was the dominant species there in 2009. Conversely, 7. java-
nicus, which had been abundant in 2005, was difficult to find in 2009 (Barber 2009b).

7.2.7. Ecological and economic impact

Alien myriapods are unlikely to pose major threats to native biodiversity and ecosys-
tems. The number of species established in the wild being very limited (12 species, ca
30%) for the moment (Table 7.2.1). Diplopods are detrivorous animals, consuming
10-15% of the leaf litter in temperate forest and as thus contribute significantly to
soil formation processes through the fragmentation of leaves which stimulates mi-
crobial activity. They may thus indirectly influence the fluxes of nutrients (Hopkin
and Read 1992). Nevertheless, some alien diplopods could be harmful to cultivated
plants, especially in the artificial habitats where temperature and humidity conditions
allow species establishment and expansion. Invasive soil invertebrates may also have
an impact on the structure and function of natural ecosystems. They can change soil
carbon, nitrogen and phosphorus pools and can considerably affect the distribution
and function of roots and micro-organisms (Arndt and Perner 2008). In addition,
mass occurrences and swarming, which have been observed in several countries in
Europe, may have negative ecological and economic impact although the causes still
remain obscure (Sahli 1996, Voigtlinder 2005). An example of a plant-damaging alien
myriapod is Oxidus gracilis, which is regarded as a pest in several European countries.
This species is very common in greenhouses where its density may exceed 2500 ind./
m?. It is known for attacking vegetable and fruit crops such as sugar beet, potatoes,
strawberries, cucumbers, orchard fruits, roots of wheat, and flowers in outdoor culti-
vated areas. Furthermore, several thousand O. gracilis were once found after rain in a
house in Lenoir City, Tennessee, USA, with most of the city infested during the same
outbreak (Hopkin and Read 1992). As a curiosity, one might also mention the report
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by the classical writer Theophrastus, according to whom an army of millipedes once
overran Rhoeteum in the present province of Canakkale (northwestern Turkey) and
drove its human inhabitants into the sea (Sharples 1994, Enghoff and Kebap¢i 2008).

Several plants can withstand the attacks of symphylans but they may cause severe
damage to growing crops both in fields and greenhouses (Scheller 2002). Arndt and
Perner (2008) recently carried out a study on the impact of invasive ground-dwelling
predatory species, including alien centipedes, in the native laurel forest habitat in the
Canary Islands. They found that centipedes in laurel forests seem to be much more
variable than carnivorous ground beetles since the 14 recorded species include repre-
sentatives of three orders with very different characters. They tentatively recognised
four functional groups of centipedes: a micro-cephalic schendylid type, (ii) a geophilid
type with medium head size and extreme body length, (iii) a scolopendromorph type,
and (iv) a macro-cephalic lithobiomorph type. These groups suggest patterns of inva-
sion similar to the coleopteran predators: autochthonous and introduced species of the
same size class and group are mutually exclusive (Arndt 20006).

The potential role of tropical giant millipedes and centipedes (Scolopendra spp.)
kept as pets has been little analyzed as a source of health problems in relation to their
defensive fluids or their bites which can cause pathological reactions if exposed to skin,
mouth/throat or eyes (Rein 2002).
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Table 7.2.1. List and main characteristics of the myriapod species alien to Europe. Status: A Alien to Europe € cryptogenic species. Country codes abbreviations

refer to ISO 3166 (see Appendix I). Habitat abbreviations refer to EUNIS (see Appendix II). Only selected references are given. Last update 10/03/2010.

Class Family Species Status Native range 1st record Invaded Habitat References
Order in Europe countries
Pauropoda
Tetramerocerata
Pauropodidae Allopauropus pseudomillotianus A |Southeast Asia 1958, FR |FR, NO J100 |Andersson et al.
Remy & Balland, 1958 (India, Sri Lanka) (2005)
Symphyla
Symphylomorpha
Scutigerellidae Hanseniella caldaria (Hansen, 1903) A | Tropical, subtropical 1903, DK | DK, FR, GB, J100 |Andersson et al.
(North America up to MC, NO (2005), Scheller
Mexico, South America, (2002), Shear and
sub-Saharan Africa, Sri Peck (1992)
Lanka, Galapagos Islands,
and possibly New Zealand)
Hanseniella oligomacrochaeta C | Unknown. Tropical, 2000, DE |DE J100 | Scheller (2002)
Scheller, 2002 subtropical?
Hanseniella orientalis (Hansen, 1903) A | Tropical, subtropical (South 2000, DE | DE J100 | Scheller (2002)
and southeastern Asia,
Central and South America,
islands in the Pacific)
Chilopoda
Geophilomorpha
Mecistocephalidae | Mecistocephalus guildingii A | Amphi-Atlantic (coasts of 1895, DE |DE, FR, GB, PT- | J100 |Bonato et al. (2009),
Newport, 1843 Tropical America, African MAD Pocock (1906)
coast from Gambia to
Liberia, Atlantic islands)
Mecistocephalus maxillaris C | Unknown, tropical? 1837, FR | DK, FR, NL J100 | Andersson et al.
(Gervais, 1837) (2005), Bonato et al.
(2009), Jeekel (1977)
Tygarrup javanicus Atems, 1929 A | Southeast Asia (Java, 1975, GB | AT, GB J100 |Barber (2009b),
Vietnam, Cambodia), The Christian (1996),
Seychelles Lewis and Rundle
(1988)
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Class Family Species Status Native range 1st record Invaded Habitat References
Order in Europe countries
Geophilidae Arenophilus peregrinus Jones, 1989 C | Unknown, genus present in | 1986, GB |GB B3, 12 |Barber (2009a),
North America Gregory and Jones
(1999), Jones (1989)
Nothogeophilus turki C | Unknown 1985, GB |GB B3 Barber (2009a), Lewis
Lewis, Jones & Keay, 1988 et al. (1988)
Oryidae Orphnaeus brevilabiatus A | Tropical, subtropical 19* SE Un- | Andersson et al.
(Newport, 1845) (Australia, Central and century, known, |(2005)
South America, Sub- SE J1002
Saharan Africa, Madagascar,
East Asia, Arabian
Peninsula, Hawaii)
Schendylidae Nyctunguis persimilis Attems, 1932 C | Unknown. Genus present | 1996, AT |AT 122 | Christian (1996),
in North America Christian and
Szeptycki (2004),
Gruber and Christian
(2002)
Chilopoda
Scolopendromorpha
Cryptopidae Cryptops doriae Pocock, 1891 A |Southeast Asia, 2007, GB |GB J100 | Barber (2009a), Lewis
Papua New Guinea, The (2007)
Seychelles
Scolopendridae Scolopendra gigantea Linnaeus, 1758 A | Central and South America | 2005, GB | GB J1 | BBC News (2005)
Scolopendra morsitans Linnaeus, 1758 A | Tropical, subtropical. 1902, GB | GB J100 | Akkari et al. (2008),
North and South America, Pocock (1906)
Atlantic Ocean Islands,
Europe, Africa, Arabian
Peninsula, Southeast Asia,
Indian Ocean Islands,
Australia, New Zealand,
Pacific Islands
Scolopendra subspinipes Leach, 1815 A |East and South Asia 1902, GB |GB J100 | Minelli (2006),
Pocock (1906)

44!

(0102) 0ST—L6 (F 45RJ0rd | 1P 42 2018 [9a]



Class Family Species Status Native range 1st record Invaded Habitat References
Order in Europe countries
Chilopoda
Lithobiomorpha
Henicopidae Ghilaroviella cf. valiachmedovi A | Unknown. G. 2004, AT |AT 12 Christian and
Zalesskaja, 1975 valiachmedovi occurs in Szeptycki (2004)
Central Asia (Tajikistan)
Lamyctes (Metalamyctes) albipes C | Southeast Asia (Java), 1988, ES- |ES-CAN H3, H5 | Eason and Enghoff
(Pocock, 1895) Sakhalin Island, CAN (1992), Hollington
Guadeloupe, The Seychelles and Edgecombe
(2004)
Lamyctes (Lamyctes) coeculus A | Tropical, subtropical. 1889, IT |DK, ES-CAN, FI, | J100, J | Barber (2009a),
(Brélemann, 1889) Known from Australia, FR, GB, IT, SE Enghoff (1975a),
Central and South Zapparoli and Minelli
America, Sub-Saharan (2005)
Africa, Madagascar
Lamyctes (Lamyctes) emarginatus A |Australasia (Australia+ New | 1868, DK | AT, BE, BG, CZ, | B1, D, |Barber and Keay
(Newport, 1844) Zealand) is the possible DE, DK, ES- E, F4, |(1988), Bocher and
areas of origin. Known CAN, FI, FR, GB, | F9, G1, | Enghoff (1984),
also from North and South GL, GR, HU, IT, | G3,J1, | Meinert (1868),
America, Africa, Asia LU, NL, NO, PL, | J2,]3, |Minelli and Iovane
Minor, Greenland, Iceland, PT, PT-AZO, PT- | J4,]5, |(1987), Negrea
New Caledonia, islands in MAD, RO, RU, J6,1, |(1989), Palmén
the Pacific SE, SK, UA 11,12, | (1948, 1952),
X6, X7, | Zapparoli and Minelli
X23 [(2005)
Rhodobius lagoi Silvestri, 1933 C | Unknown, possibly 1933, GR-SEG I? |Silvestri (1933),
tropical, subtropical. GR-SEG | (Rhodes) Zapparoli (2002)

Subfamily Anapsobiinae
distributed in South
America, South Africa,
Australia, Japan, Vietnam,
Kazakhstan and Tajikistan
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Class Family Species Status Native range 1st record Invaded Habitat References
Order in Europe countries
Diplopoda
Polyxenida
Polyxenidae Polyxenus fasciculatus Say, 1821 A |Nearctic (USA), Bermuda |1961, PT- | ES-CAN, PT- G Attems (1935),
Islands MAD MAD Condé (1961),
Vicente and Enghoff
(1999)
Diplopoda
Polyzoniida
Siphonotidae Rhinotus purpureus (Pocock, 1894) A | Tropical, subtropical (South | 1986, GB | GB J100 | Barber (2010), Read
and Central America, (2008)
islands in Indian and
Pacific oceans)
Diplopoda
Callipodida
Schizopetalidae Eurygyrus ochraceus C.L. Koch, 1847 A |Asia (Turkey) 1925, BG |BG, UA E1, 12 |Golovatch (2008),
Stoev (2007),
Verhoeft (1926)
Diplopoda
Polydesmida
Chelodesmidae Chondrodesmus cf. riparius Carl, 1914 A | South America 2000, SE | DE, DK, NO, SE ] Andersson and
Enghoff (2007),
Enghoff (2008a)
Haplodesmidae Gylindrodesmus hirsutus Pocock, 1889 A | Tropical, subtropical (South | 1950- AT, DE, FR, GB, J100 | Golovatch and Stoev
America, Southeast Asia, 1985 HU, SK (2010), Golovatch et
Papua New Guinea, islands al. (2001), Golovatch
in Indian and Pacific et al. (2009), Read
oceans) (2008)
Prosopodesmus panporus Blower & A | Unknown, other species in | 1975, GB |GB J100 | Blower and Rundle
Rundle, 1980 the genus pantropical (1980), Golovatch
et al. (2009), Read
(2008)
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Class Family Species Status Native range 1st record Invaded Habitat References
Order in Europe countries
Oniscodesmidae Amphitomeus attemsi (Schubart, 1934) | A | South America (Venezuela |1930, DE |AT, CH, DE, DK, | J100 |Barber and Eason
or Colombia) GB, HU, NL, (1986), Enghoff
PL, SK (1987), Enghoff
(2009), Golovatch
et al. (2002), Gruber
(2002), Korsés et al.
(2002)
Paradoxosomatidae | Asiomorpha coarctata A | Southeast Asia 1906, GB |GB J100 | Pocock (1906)
(De Saussure, 1860)
Chondromorpha kelaarti A |India, Sri Lanka 1902, GB |GB J100 | Pocock (1906)
(Humbert, 1865)
Oxidus gracilis (C.L. Koch, 1847) A | Asia (East or Southeast) 1879, AT, BE, BG, BY, |],]J100, | Blower (1985),
HU CH, CZ, DE, G Enghoff (2009),
DK, ES, ES-BAL, Enghoff et al. (2004),
ES-CAN, FI, FR, Evans (1900),
GB, HU, IE, IS, Hoffman (1999),
IT, LT, LU, LV, Pocock (1902), Read
MC, MD, MK, (2008), Sefrova and
MT, NL, NO, PL, Lastivka (2005),
PT-MAD, PT- Stoev (2004)
AZ0O, RO, RU,
SE, SI, SK, UA
Pyrgodesmidae Cynedesmus formicola (Cook, 1896) C | Unknown, genus native of |1896, ES- | ES-CAN, HU, J100 |Attems (1935),
Central America CAN PT-MAD Korsés et al. (2002),
Vicente and Enghoff
(1999)
Poratia digitata (Porat, 1889) A | Tropical and subtropical 1889, SE | AT, CH, DE, J100 | Blower and Rundle

(Southern North and
Central America)

DK, FR, GB, NL,
NO, SE

(1986), Golovatch
and Sierwald (2001),
Gruber (2002), Latzel
(1895)
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Class Family Species Status Native range 1st record Invaded Habitat References
Order in Europe countries
Poratia obliterata (Kraus, 1960) A |Tropical (South and late DE, FR, HU J100 | Adis et al. (2000),
Central America: Peru, 1990s, Golovatch and
Colombia, Brazil, Costa DE Sierwald (2001),
Rica) Korsés et al. (2002)
Trichopolydesmidae | Napocodesmus endogens Ceuca, 1974 C | Unknown, only female/s 1969, RO |RO 122 |Ceuca (1974),
known; the second Tabacaru et al. (2003)
tentative congener occurs in
Romania and Moldova
Diplopoda
Julida
Julidae Gylindroiulus truncorum A |North Africa (Algeria, 1925, DE | AT, BE, CH, DE, |],]J100, | Enghoff (2009), Kime
(Silvestri, 1896) Tunisia) DK, ES-CAN, 12 (2004), Korsés and
FI, FR, GB, HU, Enghoff (1990), Read
LT, LU, NL, NO, (2008), Schubart
PL, PT, PT-MAD, (1925)
RO, SE, UA
Diplopoda
Spirobolida
Pseudospiro- Pseudospirobolellus avernus A | Tropical (Southeast 2009, GB |GB J100 |Barber etal. (2010),
bolellidae (Butler, 1876) Asia, islands in Indian Enghoff (2001)
and Pacific oceans, and
Caribbean Sea)
Rhinocricidae Anadenobolus monilicornis A | Caribbean region 1906, GB | GB J100 |Hoffman (1999),
(Porat, 1876) Pocock (1906)
Anadenobolus vincenti (Pocock, 1894) A | Saint Vincent Island, Lesser | 1900, GB | GB J100 |Hoffman (1999),
Antilles Pocock (1906)
Spirobolellidae Paraspirobolus lucifugus A | Tropical. Area of origin 1836, FR |DE, DK, GB,NL | J100 |Enghoff (1975b),
(Gervais, 1836) most likely The Seychelles Jeekel (2001), Latzel
and/or Mauritius (1895), Lee (20006),
Read (2008)
Trigoniulidae Trigoniulus corallinus (Gervais, 1847) A | Southeast Asia 1902, GB |GB J100 | Pocock (1906),
Shelley and Lehtinen
(1999)
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Table 7.2.2 List of myriapod species intercepted in Great Britain (Barber 2009a, Clarke 1938, John
Lewis, pers. comm., Sharon Reid (FERA), pers. comm.)

Species

‘ Native Range ‘ Found in/ Country of dispatch/ Year of Interception

Class Chilopoda

Order Craterostigmomorpha

Craterostigmus sp.

New Zealand
& Tasmania

Dicksonia (Australia or New Zealand, 2008)

Order Geophilomorpha

?Zelanion (= Steneuryton) sp.

Australia, New
Zealand, Hawaii

Dicksonia (Australia, 2005)

Order Scolopendromorpha

Scolopendra cingulata Mediterranean | With luggage (Spain, 2003), potatoes (Greece, 1975),
Latreille, 1829 region Turkey (2004), Palestine (pre-1992)

Scolopendra dalmatica C.L. |Balkan Found in fruit & vegetable warehouse on Isle of Wight
Koch, 1847 peninsula (1983)

Scolopendra subspinipes
subspinipes Leach, 1815

Asia, Africa,
C. & S. America

Trachycarpus wagnerianus (South Korea, 2000),
bananas (Jamaica, 1938)

Order Lithobiomorpha

Lithobius forficatus Europe Dicksonia (Australia, 2004)
(Linneaus, 1758)

Lithobius peregrinus Latzel, |Europe, Dicksonia (New Zealand, 2004)
1880 Caucasus

Class Diplopoda

Order Polydesmida

Polydesmida gen. spp. Dracaena fragans (Belgium, 1979)
2 Gasterogramma plomleyi Tasmania Dicksonia (Australia, 2004)
Mesibov, 2003

2 Mestosoma sp. Bromeliad (Ecuador, 1982)
Abkamptogonus novarae ? Australia Dicksonia (New Zealand, 2004)

(Humbert & Saussure, 1869)

Habrodesmus falx Cook, West Africa Tete leaves (Nigeria, 1981)

1896

Habrodesmus sp. Orchid (Malawi, 1982)

? Oxidus gracilis ?East Asia Zelkova (Netherlands, 1995)

Oxidus gracilis East Asia Aroid (USA,1980), Chaemaeraps (Morocco, 2001),

Cryptomeria (Japan, 1979), Dracaena (Belgium, 1979),
Ficus (West Africa, 1979), Hibiscus (Canary Is.), Lirope
(USA, 1999), Orchid (Belize, 1980; Madagascar,
1995; Malaysia,1984; India, 2000), Palm (Canary

Is., 1998), Pentas (Canary Is., 2010), Phoenix (USA,
1995), Rhododendron (soil, Nepal, 1981), Sanseviera
(USA, 1980), Scindapus (soil, Nepal, 1981), Selaginella
(Singapore, 1999; Brazil, 1995), Serissa (China,

1999, 2004), Trachycarpus (Netherlands, 2008),
Washingtonia (Italy, 2009), Weeping fig (USA, 1984),
Yucca (?Netherlands, 1980), Zamia seed (USA, 1982),
Zelkova (China, 1995), unknown (Chile, 1998; South
Africa, 2001)
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Species Native Range |Found in/ Country of dispatch/ Year of Interception

Polydesmidae Dicksonia (Australia, 2005; New Zealand, 2004),
Orchid (Malaysia, 1983), Wild Plant (South Africa,
1983)

Polydesmus sp. Miscanthus (Dominica, 2000), Orchid (Australia, 1985)

Order Spirostreptida

Spirostreptida Cyathea (New Zealand, 2005), Dicksonia (Australia,

2004-2008), Dracaena (Rwanda, 1980)

Spirostreptus sp.

Fig (Ivory Coast, 1983)

Plusioglyphiulus sp. Orchids & Rhododendrons (Borneo, 1979)

Order Julida

Blaniulidae Echinodorus (Singapore, 2008), Orchid (Brazil, 2003)
Blaniulus guttulatus Europe Orchid (Australia, 1985)

(Fabricus, 1798)

Blaniulus sp. Unknown (South Africa, 1999)

Gylindroiulus londinensis Europe Phoenix dactylifera (Italy, 2004)

(Leach, 1814)

Gylindroiulus sp. Dicksonia (New Zealand, 2004)

Ommatoiulus moreletii Iberian Dicksonia (Australia, 2006), melon fruit (South Africa,
(Lucas, 1860) peninsula 1983)

Ommaroiulus oxypygus Italy Vitis sp. (Italy, 1979)

(Brandt, 1841)

Ophyiulus targionii Silvestri, |Italy Unknown (New Zealand, 1982)

1898

Table 7.2.3. Relative importance of the non-native species in the myriapod fauna of the Macaronesian

islands. The numbers of introduced species correspond to the total non-native species of both exotic and
continental European origin (cf., Arndt et al. 2008, Baéz and Oromi 2004, Borges, 2008a,b, Borges and
Enghoff 2005, Enghoff 2008b, Enghoff and Borges 2005, Zapparoli and Oromi 2004), some numbers
updated according to recent records. * 7 certainly native, 6 probably native, 20 possibly native, ** all prob-

ably introduced; *** all possibly native.

Canary Isl. Azores Isl. Madeira Is. Selvages Isl.
Native | Introduced | Native | Introduced | Native | Introduced | Native | Introduced
Diplopoda 83 24 2 19 40 18 2 0
Chilopoda 33* 2% 8 3 2 17+22 0 2
Symphyla 0 6** 3 0 1 2 no | no records
records
Pauropoda 14%%* 0 1 0 10 0 no | no records
records
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Abstract

A total of 47 spider species are alien to Europe; this corresponds to 1.3 % of the native spider fauna. They
belong to (in order of decreasing abundance) Theridiidae (10 species), Pholcidae (7 species), Sparassidae,
Salticidae, Linyphiidae, Oonopidae (4—5 species each) and 11 further families. There is a remarkable
increase of new records in the last years and the arrival of one new species for Europe per year has been
predicted for the next decades. One third of alien spiders have an Asian origin, one fifth comes from
North America and Africa each. 45 % of species may originate from temperate habitats and 55 % from
tropical habitats. In the past banana or other fruit shipments were an important pathway of introduction;
today potted plants and probably container shipments in general are more important. Most alien spiders
established in and around human buildings, only few species established in natural sites. No environmen-
tal impact of alien species is known so far, but some alien species are theoretically dangerous to humans.

Keywords

Buildings, urban area, greenhouse, pathways, venomous spiders, Europe, alien

7.3.1 Introduction

Spiders are among the most diverse orders in arthropods with a world-wide distribu-
tion in all terrestrial habitats and more than 40,000 species, grouped in 109 families
(Platnick 2008). The European spider fauna comprises nearly 3600 species of which
47 (= 1.3 %) are alien to Europe, i.e. their area of origin is outside Europe. An ad-
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ditional number of at least 50-100 species are alien within Europe, i.e. they originate,
e.g., from the Mediterranean or from eastern parts of Europe and spread gradually into
other parts of Europe. Such aliens within Europe are not considered here. Small scale
spread, e.g., into an adjacent country, is also not considered here.

All spiders are predators and usually prey on arthropods, mainly insects. Since
many insects are regarded as pests, spiders are often seen as beneficial. Spiders have
unique features such as abdominal silk glands which are used in many ways (e.g.,
construction of retreat, cocoon, web or dragline) and venom glands to poison their
prey (only two families deviate from this). Spiders developed many different ways
to catch their prey. Roughly half of them build silken webs to subdue prey and they
evolved a large variety of web types. Funnel webs are usually soil-born and closely
connected to the retreat of the spider (such as Agelenidae and Amaurobiidae), sheet
webs are more often found within the vegetation (examples are Linyphiidae and The-
ridiidae) and orb webs often bridge the open space between structures (Araneidae and
Tetragnathidae). Spiders which do not build a web live as sit-and-wait predators (e.g.,
Clubionidae, Gnaphosidae, Lycosidae, Sparassidae, and Thomisidae) or actively hunt
for prey (such as Salticidae).

For this compilation of alien spiders to Europe the DAISIE database (www.eu-
rope-aliens.org) was used. In addition a variety of further sources (cited below) was
consulted. When speaking about alien species two main problems occur. (1) It may
be unclear whether a species is native to Europe or not, e.g., because it is native in
an area close to the European borders. This concerns primarily Mediterranean and
North or East Palearctic species. We choose a very conservative attitude and did not
consider such species. It may also be difficult to decide whether a Holarctic species
originates in the Nearctic or in the Palearctic part of the Arctic. We tried to follow
the most probable decision. (2) We included only established alien species. In some
cases it may be difficult to decide on this because sometimes the discovery of an alien
species is communicated but no follow-up reports on its establishment are available.
Again, we tried to achieve the most probable point of view. For example, all the
reports on tropical Ctenidae or Theraphosidae arriving with banana shipments in
Europe never lead to an established population of these spiders and were therefore
not included into our chapter.

7.3.2 Taxonomy of alien species

The 47 spider species alien to Europe belong to 17 families (Table 7.3.1) with Theridi-
idae (10 species) and Pholcidae (7 species) being the most species-rich families. Spar-
assidae comprise five species; Salticidae, Linyphiidae and Oonopidae comprise four
species each. Eleven families are represented with only one or two species each. The
most astonishing aspect of the composition of the alien spider fauna is that it neither
reflects the structure of the global spider community nor the structure of the European
spider fauna (Fig. 7.3.1).
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Globally frequent families (such as Araneidae, Corinnidae, Lycosidae, Theraphosi-
dae, and Zodariidae) are not represented at all among the alien species in Europe. This
may be due to some specialisations or restrictions of most species in these families: Ara-
neidae and Corinnidae are usually not associated with human infrastructure and have
a rather low probability of becoming transported to foreign areas (see below). Most
Theraphosidae (“tarantulas”) depend on their specific microclimate and are among
the largest spiders, thus easy to detect and avoid. Lycosidae were also not imported to
Europe and the reason for this remains unknown.

Other families are overrepresented among the alien community: Sicariidae,
Oonopidae, Sparassidae, Pholcidae, and Theridiidae. Their common feature is a pread-
aptation to human infrastructure, especially buildings. Many species from these fami-
lies initially live on bark and rocks and/or in arid habitats, thus, they tolerate the dry
climate in houses and in urban areas. They can easily sit at the vertical sides of contain-
ers (Sparassidae), hide at the underside of pallets or in cracks and cavities (Pholcidae,
Theridiidae) or are simply so tiny that they fit everywhere in (Oonopidae).

The composition of the spider fauna in Europe will become strongly influenced by
alien newcomers if the trend of the last decades continues. Eresidae, Prodidomidae, Scy-
todidae, and Oonopidae were so far rare families in Europe. Sparassidae and Pholcidae
comprise only a few species and the alien add-on may lead to a situation where some fam-
ilies are dominated by alien species. Sicariidae did not even occur previously in Europe.

7.3.3 Temporal trends

In the past, there was hardly any systematic check for alien spiders in imported goods.
In contrast to herbivores where damage to plants may be of economic importance,
alien spiders were only occasionally recorded. Exceptions may be border controls of
banana shipments and similar goods because such transports enabled large and danger-
ous animals to enter Europe. In general, information on arrival data of alien spiders is
scarce and when using the date of a scientific publication as a proxy, this information
may be considerably fuzzy because some publications compile data of a long period;
e.g., for 26 years in Van Keer (2007).

12 first species records were collected in the 19" century, 24 records came from the
20" century and already 11 records were perceived in the first years of the 21 century.
This in itself indicates a steep increase in recording alien species. Of course, it should
not be overlooked that the public awareness of alien species and the number of experts
increased in the last decades considerably. Both accelerate the probability of detecting
new spider introductions.

Kobelt and Nentwig (2008) analysed the arrival of 87 alien spider species with
known arrival date (alien to Europe and alien within Europe) and concluded that the
known number of alien spider introductions still represents an underestimation. They
predict a continuous trend of more alien species and give the figure of at least one ad-
ditional alien spider species annually arriving in Europe in the near future.
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7.3.4 Biogeographic patterns

One third of all alien spiders have an Asian origin. This may include Eastern Palearctic
and Indo-Malayan, thus temperate and tropical areas. About one fifth of the species
derive from North America and Africa each, and South America and Australia contrib-
ute only four species each. In a few cases the origin is not known or subjected to ex-
pert guess (Fig. 7.3.2). Such cosmopolitan species are not truly cosmopolitan because
they have of course a defined area of origin, but due to early spread among many or
all continents and due to lacking phylogeographical information, it is sometimes still
impossible to solve such a puzzle. These results suggest that the closer a continent is
(Palacarctic) and the more traffic and goods exchange exists (Asia, North America), the
more alien species are also imported.

An analysis between temperate and tropical origins indicates that about 45 % of
species may originate from temperate habitats and 55 % from tropical habitats. Uncer-
tainty, however, is high because for many species nothing or not very much is known
about the natural environment in which they live in their area of origin.

7.3.5 Main pathways to Europe

Kobelt and Nentwig (2008) analysed the origin of alien spider species in Europe and
the intensity of trade between Europe and the native area of these alien spiders in a con-
tinent by continent comparison. By including trade volume, area size, and geographical
distance, they clearly could demonstrate that trade volume, size of the area of origin,
and the geographical distance to Europe are good indicators for the number of alien
species transported to Europe. The volume per time curves of agricultural products and
mining products fit the increase of alien spiders less well than the curve for manufac-
tures, and therefore it is concluded that the first have a lower number of alien stowaways
whereas manufactures have the highest potential to transport alien species (Fig. 7.3.3).

More in detail, spiders can survive shipment in or at containers or construction
materials for periods long enough to reach most other continents. The rare collection
notes on spiders which had been recorded during or after this voyage suggest that
spiders frequently occur in container (e.g., with stones, wood, other products), in or
at wooden boxes, at wooden pallets, and within shipments of logs or wood products.
Consequently, many alien spiders are detected in a harbour, in buildings at or close to
a harbour, and in or at warehouses (Van Keer 2007).

Up to the 1980s, many alien spiders were detected in banana or other fruit ship-
ments (Forsyth 1962, Reed and Newland 2002). This does not only represent a path-
way from a tropical area of origin to Europe, it also enables the spider to travel within
Europe. With increasing technical standards to supply the fruits with optimal trans-
port conditions (usually low temperature, oxygen reduction to 1-5 % and a carbon
dioxide increase to 1-10 %, see also Hallman (2007)), spiders have less chances to
survive this (but see Craemer 2006).
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Figure 7.3.1 Taxonomic overview of the spider species alien to Europe compared to the native European
fauna. Right- Relative importance of the spider families in the alien fauna expressed as the percentage of
species in the family compared to the total number of alien spiders in Europe. Families are presented in
a decreasing order based on the number of alien species. The number over each bar indicates the total
number of alien species observed per family. Left- Relative importance of each family in the native Euro-
pean fauna of spiders and in the world fauna expressed as the percentage of species in the family compared
to the total number of spiders in the corresponding area. The number over each bar indicates the total

number of species observed per family in Europe and in the world, respectively.

Transported plants represent a very important pathway for spiders. This hardly
concerns cut flowers but potted plants and plants for planting. There are numerous
anecdotes that plants bought in supermarket, in a plant shop or at a plant fair con-
tained a spider or a spider cocoon. Since a considerable amount of such potted plants
is produced in China and transported through Italy to different European countries,
this indicated the importance of plants as pathway from Asia to Europe.

For the further spread of alien spiders within Europe, it is assumed that transport
vehicles such as trucks or trains play an important role. The spread of Zodarion ru-
brum, formerly only known from the French Pyrenees, followed in the last 100 years
the main railway connections within Europe. This allowed the small spider to hitch-
hike over large distances (Pekdr 2002). Hinggi and Bolzern (2006) discuss this phe-
nomenon and give evidence for additional species. Spread by vehicles also may explain
the fact that quite often the first record of an alien spider had been made at roadsides
or in drains along roadsides (Van Keer 2007).
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Figure 7.3.2 Geographic origin of the 47 spider species alien o Europe.

In a country-wise comparison within Europe, France, Belgium, The Nether-
lands, Germany and Switzerland possess the highest numbers of alien spider spe-
cies (Fig. 7.3.4). These countries are also the ones with the highest level of imports
(Fig. 7.3.5). On the other side, the Balkan countries have much lower numbers of alien
spiders and Norway, the Baltic States, Belarus, and Russia have the lowest numbers of
alien spiders. There is a good correlation between this type of economic activity and the
number of alien species, thus, on the country level a comparable picture to the conti-
nental level of Kobelt and Nentwig (Kobelt and Nentwig 2008) is obtained.

7.3.6 Most invaded ecosystems and habitats

Nearly half of all alien spider species occur only in buildings and/or urban areas. This
may be species which inhabit walls of buildings or need the specific microclimatic con-
ditions of houses. One third of all alien species live in greenhouses, botanical gardens,
in zoo buildings, or in comparably warm buildings. They rely on the specific tempera-
ture conditions but nevertheless are able to establish permanent populations (Holzapfel
1932, Van Keer 2007). In the summer season, in southern countries and under the
conditions of climate change some species can colonise the vicinity of buildings and
have the potential of further spread.

Only five among 47 alien spiders so far were able to establish in natural habitats.
They usually are small-sized species, belonging to families which are common in Eu-
rope (Dictynidae, Linyphiidae, Tetragnathidae), and they build sheet webs or small orb
webs. They originate from North America, Japan and the temperate part of Australia or
New Zealand. These parameters probably indicate the conditions which an alien spider
should fulfil to be able to survive in natural habitats in Europe.
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Figure 7.3.3 Increase in global trade (left scale) and the cumulative number of alien spider species intro-
ductions (right scale) during the last 50 years. Only cases with known year of introduction are included
- from Kobelt and Nentwig (2008).

An interesting reason for the obvious high establishment success of alien spiders in
human buildings may be found in the rarity of native species at such conditions. This
could mean that alien species have much better chances to establish in habitats with no
competition by native species.

7.3.7 Ecological and economic impact

A family-wise comparison of body sizes of alien and European spider species showed
that alien Theridiidae imported to Europe were significantly larger than the native
species, Pholcidae and Salticidae showed a trend into the same direction. Kobelt and
Nentwig (2008) argue that this reflects the physical transport conditions, especially of
temperature and humidity inside a standard ship container (Diepenbrock and Schieder
2006, Naber et al. 2006). These are important stress factors which primarily affect
small specimen and can be more easily compensated by large spiders (Pulz 1987). So,
even if spiders of all body sizes and from all continents would have more or less equal
possibilities to be shipped around the globe, larger species have better chances to sur-
vive transportation than smaller ones do.
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Figure 7.3.4 Number of alien spider species for each European country.

If alien species could successfully invade European spider assemblages in natural
habitats, it could be argued that due to their slightly larger body size they could com-
pete with native species and suppress or even replace them. This would change the
dominance structure in natural spider communities within a few years. So far, however,
most alien species do not occur in natural spider communities and / or remained rare.
Therefore, in Europe no influence of alien spider species on native spiders had been
observed so far. This is in agreement with a two-year-analysis of spider communities in
California were the occurrence of alien spider species did not negatively affect native
species. The most productive habitats contained both the highest proportion of alien
and the greatest number of native spiders. No negative associations between native and
alien spiders could be detected and, thus, Burger et al. (2001) concluded that the alien
spiders do not impact native ground-dwelling spiders.

The most frequently occurring alien spider in Europe is probably the North Ameri-
can linyphiid Mermessus trilobatus, first detected in southern Germany in the 1980s and
spreading since then. Only in the last years it had been detected that it obviously easily
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Figure 7.3.5 Relationship between the number of alien spider species and the value of imported goods
in European countries (economic data for 2005).

establishes in many natural spider communities, especially in grassland and ruderal habi-
tats (Schmidt et al. 2008). With an average body length of 1.6-2.1 mm (Nentwig et al.
2003), M. trilobatus belongs to the smaller linyphiids and it is unlikely that it outcom-
petes a native species. Competition experiments indeed proved that the invasion success
of M. trilobatus is not facilitated by strong competitiveness. Actually it is unknown if
other traits (e.g., higher reproduction effort, better dispersal abilities, or nutritional as-
pects) give some competitive advantage over native species (Eichenberger et al. 2009). So
far, the integration success of M. trilobatus into native spider communities seems to con-
firm the assumption of Burger et al. 2001 on the resilience of native spider communities.

An economic impact of spiders may be expected from those spider species which are
venomous to humans. Among the alien spiders listed here (Table 7.3.1) species which
may be considered as theoretically dangerous to humans comprise the sicariids Loxosceles
laeta and L. rufescens and the Australian black widow Latrodectus hasselti (Forster 1984).
We are, however, not aware of any report from Europe referring to bites from these
species. This is in line with the general assumption that the frequency of spider bites is
overestimated (Vetter et al. 2003). Additionally it may be possible that these alien spe-
cies did not reach relevant densities or that they even did not establish in the long term.

Spiders are also known to pollute the faces of buildings and the interior of rooms
by their silk spinning activity. Spider webs often stay for long, collect dust and dirt, and
are the reason for additional cleaning procedures which cause costs for hygienic rea-
sons. There are only very few reports on this and they only refer to the Mediterranean
dictynid spider Dictyna civica spreading since more than 50 years in Central Europe
(Billaudelle 1957, Hertel 1968) which occasionally colonises the outside surface of
buildings in high densities. Also many native species live inside buildings and cause
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Figure 7.3.6. Alien spiders. @ Cicurina japonica female (Dictynidae) b Ostearius melanopygius female
(Linyphiidae) ¢ Crossopriza lyoni female with eggsac (Pholcidae) d Spermophora senoculata male (Pholci-
dae) e Plexipus paykulli female (Salticidae) f Loxosceles rufescens female (Sicariidae). Reprinted with kind
permission of Jérgen Lissner (© Jérgen Lissner, http://www.jorgenlissner.dk).

regular cleaning activities due to their web spinning activity but no report concerns
additional cleaning costs. Since alien species are much less abundant, such additional
costs are not to be expected or they will be merged with cleaning costs which anyhow
have to be achieved. In addition, it should not be underestimated that many people
simply fear spiders and react with insecticidal applications which involves financial
costs and may cause health problems. This, however, concerns native and alien spiders
likewise.
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Table 7.3.1 List and main characteristics of the spider species alien to Europe. Area of origin: since the
area of origin is quite often not well known, this refers to the most probable origin. “cosmopolitan” means
that the area of origin is outside Europe but not known, “cosmopolitan” in brackets gives an alternative
explanation, South America refers to the tropical part of America. Country codes abbreviations refer to

ISO 3166 (see appendix I). Only selected references are given. Last update 30.09.2008.

Family Areaof | First |Invaded countries | Habi- Refs
Species origin | record in tats
Europe
Amaurobiidae
Amaurobius similis | North 1915, AD, BE, CH, DK, |]J1 Fauna Europaea (2005),
(Blackwall 1861) America | DK DE, ES, FR, GB, Harvey (2002), Sacher
(cosmo- 1IE, MD, NL, NO, (1983), Jonsson pers.
politan) PL, RO, SE, UA comm. (2005), Scharff
pers. comm. (2005)
Clubionidae
Clubiona facilis O. | Australia | 1932, GB U Fauna Europaea (2005),
P-Cambridge 1910 GB Platnick (2008)
Dictynidae
Cicurina japonica Asia 1990, DE, CH, DK E,E G, |Blick and Hinggi (2003),
(Simon 1886) DE H, 1 Wunderlich and Hinggi
(2005)
Dysderidae
Dysdera aculeata Asia 1988 HR |HR U Deeleman-Reinhold and
Kroneberg 1875 Deeleman (1988)
Eresidae
Seothyra perelegans | Africa 1906 FR | FR U Fauna Europaea (2005)
Simon 1906
Gnaphosidae
Sosticus loricatus (L. | Asia 1879, SK | AT, BG, BY, CS, |]1 Fauna Europaea (2005),
Koch 1866) CZ, DE, EE, FI, Sacher (1983), Terhi-
FR, GR, HU, IT, vuo (1993), Pekar pers.
LV, LT, MK, PL, comm. (2005)
RO, RU, SK
Zelotes puritanus North 1966, CZ | AT, CH, CR, CZ, |]1 Fauna Europaea (2005),
Chamberlin 1922 America DE, LI, NO, RU, Komposch (2002), Pekar
SE, SK pers. comm. (2005)
Linyphiidae
Erigone autumnalis | North 1990, CH, IT E,E G, |Blick and Hinggi (2003),
Emerton 1882 America | CH H, 1 Fauna Europaea (2005)
Mermessus denticu- | North 1995, BE | BE, CH, DE, ES, |]1, Blick (2004), Blick and
latus (Banks, 1898) | America NL J2.43 Hinggi (2003), Fauna
(=Eperigone eschato- Europaca (2005)
logica)
Mermessus trilobatus | North 1980, AT, BE, CH, DE, |E,E G, |Blick and Hinggi (2003),
(Emerton 1882) America |DE IT, PL H, 1 Fauna Europaea (2005)
Ostearius melanopy- | Australia | 1906, AT, BE, BG, CH, |E, E G, |Blick and Hinggi (2003),
gius (O. P-Cam- GB CZ,DE, DK, ES, |H,I Fauna Europaea (2005),
bridge 1879) FR, FI, GB, IT, Komposch (2002), Ruz-
NL, PT, PL, RO, icka (1995), Pekar pers.
SE, SK comm. (2005), Scharff
pers. comm. (2005)
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Family Area of First | Invaded countries | Habi- Refs
Species origin | record in tats
Europe
Oonopidae
Diblemma donisthor- | Asia 1914, GB J1 Platnick (2008), Saaristo
pei O. P-Cambridge GB (2003)
1908
Ischnothyreus lym- Asia 2005, FR | FR U Fauna Europaea (2005)
phaseus Simon 1893
Ischnothyreus velox | Asia 2003, DE, GB, NL J2.43 Blick (2004), Fauna Eu-
Jackson 1908 DE ropaca (2005), Saaristo
(2003)
Triaeris stenaspis North 1896, FR | BE, FI, FR, IE, SK |J1, J100 | Blick (2004), Fauna Eu-
Simon 1891 America ropaea (2005), Holzapfel
(1932), Koponen (1997),
Van Keer (2007), Pekar
pers. comm. (2005)
Pholcidae
Artema atlanta Wal- | Africa 2001 BE |BE, GB, GR J1 Blick (2004), Blick and
ckenaer 1837 Hinggi (2003), Fauna
Europaea (2005), Lee
(2005), Platnick (2008),
Van Keer (2007)
Crossopriza lyoni Africa 2004, BE |BE E, E G, |Blick (2004), Van Keer
(Blackwall 1867) H, I, J1 | (2007)
Micropholcus fauroti | Africa 2001, BE |BE, CH J1 Blick (2004), Blick and
(Simon 1887) Hinggi (2003), Platnick
(2008), Van Keer (2007)
Pholcus opilionoides | Asia 1859, CZ | AD, AT, BG, CH, |]J1 Fauna Europaea (2005),
(Schrank 1781) CS, CZ, DE, ES, Sacher (1983), Pekar pers.
FR, GR, HR, HU, comm. (2005)
IT, LI, LU, MD,
MK, MT, PL, PT,
RO, RU, SK, UA
Pholcus phalangioides | Asia 1857, SK | AT, BE, BG, BY, |]1 Fauna Europaea (2005),
(Fuesslin 1775) CH, CS, CZ, DE, Holzapfel (1932), Kom-
DK, ES, FI, FR, posch (2002), Sacher
GB, GR, HU, IE, (1983), Terhivuo (1993),
IS, IT, LI, LT, LU, Valesova-Zdarkova
MD, MK, MT, (1966), Jonsson pers.
NO, NL, PL, PT, comm. (2005), Pekar
RO, RU, SE, SK, pers. comm. (2005),
UA Scharff pers. comm.
(2005)
Smeringopus pallidus | Africa 2004, NL | NL J1, Blick (2004)
(Blackwall 1858) J2.43
Spermophora senocu- | Africa 1976, SK | BE, BG, CH, CS, |J1,]100 |Blick (2004), Fauna
lata (Duges 18306) ES, FR, GR, HR, Europaca (2005), Plat-
IT, MK, MT, PT, nick (2008), Pekar pers.
SI, SK, UA comm. (2005)
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Family Area of First | Invaded countries | Habi- Refs

Species origin | record in tats

Europe

Prodidomidae

Zimiris doriai Simon | Asia 2005, DE n Jager (2005)

1882 DE

Salticidae

Hasarius adansoni Africa 1901, FR | BE, CH, CZ, DE, |]J2.43 Blick and Hinggi (2003),

(Audouin 1826) DK, ES, FR, GR, Bosmans and Vanuytven

IE, IT, MT, NL, (2002), Fauna Europaea
PL (2005), Hinggi (2003),

Holzapfel (1932), Pekar
pers. comm. (2005),
Scharff pers. comm.
(2005)

Menemerus bivittatus | Africa 1831, ES | CZ, ES, FR, GB, |]1 Fauna Europaea (2005),

(Dufour 1831) IT, PT Montardi (2006)

Panysinus nicholsoni | Asia 2005, FR |FR J1 Fauna Europaca (2005)

(O. P-Cambridge

1899)

Plexippus paykulli | Asia 1819, FR |ES, FR, GB, GR, |[]1 Fauna Europaea (2005),

(Audouin 1826) 1T, MT Montardi (2006)

Scytodidae

Seytodes venusta Asia 2004, NL | NL J1 Blick (2004), Fauna

(Thorell 1890) Europaca (2005), Plat-
nick (2008), Pekar pers.
comm. (2005)

Sicariidae

Loxosceles laeta South 1963, F1 | FI, IT J1 Fauna Europaea (2005),

(Nicolet 1849) America Huhta (1972)

Loxosceles rufescens North 1820, ES |ES, FR, GR, HR, |]1, Blick (2004), Fauna Euro-

(Dufour 1820) America IT, NL, MT, PT  |]J2.43 paea (2005)

(cosmo-
politan)

Sparassidae

Barylestis scutatus Africa 1961, IE |IE J1 Forsyth (1962)

(Pocock 1903)

Barylestis variatus Africa 1961, IE |GB, IE 1 Forsyth (1962), Slawson

(Pocock 1899) (2000)

Heteropoda venatoria | Asia 1960, CZ | CH, CZ, DE, DK, |J2.43 Blick and Hinggi (2003),

(Linnaeus 1767) ES, NL, NO, PL Fauna Europaea (2005),
Hinggi (2003), Ruzicka
(1995), Valesova-Zdarko-
va (1966), Ruzicka pers.
comm. (2005), Scharff
pers. comm. (2005)

Olios sanctivincentii | Asia 1961, IE | GB, IE J1 Forsyth (1962), Slawson

(Simon 1897) (2000)

Tjchicus longipes Asia 1837, NL | NL J2.43 Platnick (2008)

(Walckenaer 1837)
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Family Area of First | Invaded countries | Habi- Refs
Species origin | record in tats
Europe
Tetragnathidae
Tetragatha shoshone | North 1992, AT, CZ,DE, HU, |E,E G, |Fauna Europaca (2005)
(Levi 1981) America | DE MK, RO, SK H, 1
Theridiidae
Achaearanea tabulata | South 1991, AT | AT, CH, DE, PL, |]J1 Blick and Hinggi (2003),
Levi 1980 America RU, BG, UA Fauna Europaea (2005)
Achaearanea acoreen- | North 2002, BE | BE J1, Van Keer (2007)
sis (Berland 1932) America J2.43
Achaearanea tepida- | South 1867, AT | AT, BE, BG, CH, |]1 Fauna Europaea (2005),
riorum (C.L. Koch |America CZ, DE, DK, ES, Komposch (2002), Sacher
1841) (cosmo- FI, FR, GB, GR, (1983), Valesova-Zdarko-
politan) HU, HR, IE, IS, va (1966), Koponen pers.
IT, LV, LI, MK, comm. (2005), Pekar
MT, NL, NO, PL, pers. comm. (2005),
PT, RO, RU, SK, Scharff pers. comm.
SE, UA (2005)
Achaearanea verucu- | Australia | 1885, BE | BE, GB J1, Blick (2004), Platnick
lata (Urquhart J2.43 (2008), Van Keer (2007)
1885)
Chrysso spiniventris | Asia 1949, NL | NL J2.43 Blick (2004)
(O. P-Cambridge
1869)
Coleosoma florida- Asia 1981, AT, CH, DE, FI, |]1, Blick (2004), Blick and
num Banks 1900 GB GB, NL J2.43 Hinggi (2003), Fauna
Europaea (2005), Hinggi
(2003), Harvey (2002),
Komposch (2002)
Latrodectus hasselti | Australia | 2001, BE | BE, DK J2.43 Blick (2004), Platnick
Thorell 1870 (2008), Scharff pers.
comm. (2005)
Nesticodes rufipes South 1996, AT | AT, BE, CZ, ES, J2.43 Blick (2004), Komposch
(Lucas 1846) America MT, PT (2002), Van Keer (2007)
Steatoda grossa (C.L.|Cosmo- |1850, SE | AT, BE, BG, BY, |]1 Fauna Europaca (2005),
Koch 1838) politan CS, CZ, DE, DK, Komposch (2002), Sacher
EE, ES, FI, FR, (1983), Valesova-Zdark-
GB, GR, HU, IE, ova (19606), Jonsson pers.
IT, LT, LV, MD, comm. (2005), Pekar
MK, MT, NL, PL, pers. comm. (2005),
PT, RO, RU, SE, Scharff pers. comm.
SI, SK, UA (2005)
Steatoda triangulosa | Cosmo- | 1852, AT |AD, AT, BE, BG, |]1 Fauna Europaca (2005),
(Walckenaer 1802) | politan CH, CS, CZ, DE, Harvey (2002), Kom-
ES, FR, GB, GR, posch (2002), Valesova-
HR, HU, LV, MK, Zdarkova (1966), Scharff
MT, NL, PT, RO, pers. comm. (2005)
RU, SI, SK, UA
Thomisidae
Bassaniana versicolor | North | 1932, FR | FR U Fauna Europaea (2005)
Keyserling 1880 America
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Abstract

The inventory of the alien Acari of Europe includes 96 species alien to Europe and 5 cryptogenic species.
Among the alien species, 87 are mites and 9 tick species. Besides ticks which are obligate ectoparasites,
14 mite species belong to the parasitic/predator regime. Among these species, some invaded Europe with
rodents (8 spp.) and others are parasitic to birds (2 spp). The remaining 77 mite species are all phytopha-
gous and among these 40% belong to the Eriophyidae (37 spp.) and 29% to the Tetranychidae (27 spp.)
families. These two families include the most significant agricultural pest. The rate of introductions has
exponentially increased within the 20% century, the amplification of plant trade and agricultural com-
modities movements being the major invasion pathways. Most of the alien mite species (52%) are from
North America, Asia (25%), and Central and South America (10%). Half of the ticks (4 spp.) alien #o
Europe originated from Africa. Most of the mite species are inconspicuous and data regarding invasive
species and distribution range is only partially available. More research is needed for a better understand-
ing of the ecological and economic effects of introduced Acari.
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7.4.1. Introduction

The subclass Acari, which includes mites and ticks, forms an important part of the
class Arachnida, with a worldwide distribution and with over 55,000 (Krantz and
Walter 2009) species described to date. An estimate of up to half a million to a million
more species await discovery (Krantz and Walter 2009). Mites and ticks are a very di-
verse group ranging in size from about 0.08 mm up to 1 centimetre long. Acari differ
from others Arachnida by the fusion of the abdominal segments as in Araneae (spi-
ders) and from spiders by the presence of a gnathosoma containing mouthparts, the
fusion of the posterior part of the prosoma (the podosoma, bearing legs) and fusion
of an opisthosoma into an idiosoma (Evans et al. 1996). Most species are free living
and have different trophic modes, including phytophagous, predators feeding on a
variety of small invertebrates, fungivores and detritivores. Some species have devel-
oped complex parasitic relationships with both vertebrate and invertebrate animals.
A number of acarine groups are injurious to crops and to livestock, both because of
their feeding activities and because of their capacity as vectors for a variety of disease
organisms to their plant or animal host. While the Oribatida is an important group
(more than 6,000 species) having a key role in soil equilibrium, data regarding inva-
sive species and distribution range remain largely unavailable. Ticks are very peculiar
acarines, since they are obligate ectoparasites. In this sense they form a very homog-
enous group, with the order Ixodida composed of only three families. In this chapter,
the two groups of Acari, mites and ticks, will be treated separately. The ticks will be
presented through the description of a few significant case studies. By contrast, mites
being much diversified in their biology and habitat use, and being truly ubiquitous,
will be presented systematically.

Mites have successfully colonized nearly every known terrestrial, marine, and
freshwater habitat. The most studied and observed invaders are found among the phy-
tophagous mites of the families Tetranychidae and Eriophyidae, which include impor-
tant agricultural pests. There is a growing awareness of the economic relevance of erio-
phyids as crop pests, including their importance as vectors of plant viruses, their role as
alternative food for predators of plant pests, and their potential as weed control agents
(Sabelis and Bruin 1996). A description on spider mite biology and their control is
presented in the extensive review by Helle and Sabelis (1985). In addition to plant-
feeding mites, a second group includes the alien parasitic mites. Among them, some
invaded Europe with rodents such as muskrats (six alien species of mites), and brown
rats (two aliens), while others are bird parasites (two species). Dermatophagoides evansi
(Pyroglyphidae) is not associated with rodents and it has probably been accidentally
introduced by humans (Bigliocchi and Maroli 1995,Hughes 1976,Thind and Clarke
2001). A single species in the family Varroidae, Varroa destructor, is alien to Europe (De
Rycke et al. 2002, Griffiths and Bowman 1981).

Ticks are important parasites of livestock, wild animals, and humans. After their
parasitic phase, they spend most of their life cycle outside their hosts, where prevail-
ing climate conditions may constrain their ability to colonize a given territory. While
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some tick species are highly restricted to particular combinations of climatic variables,
or have defined host species, others may occur in widely variable climate conditions
and have catholic feeding habits. Some species of ticks can be considered as invasive
species, since the uncontrolled movements of domestic animals may introduce alien
species into Europe or disperse some species outside their native distribution ranges.
The introduction via large-bodied host vectors (such as passerine birds) and the un-
controlled importation of reptiles, are important means for colonizing newly available
areas. Furthermore, one species of tick, Rhipicephalus sanguineus, is spreading in parts
of Europe out of its current range because of the movements of domestic dogs.

7.4.2 Taxonomy of the mite species alien to Europe

A total of 101 mite species have been considered as alien to Europe, including 96 spe-
cies shown to have originated from other continents and 5 cryptogenic species (Table
7.4.1). These species involve 16 different families of mites (Figure 7.4.1). In addition,
Table 7.4.2 provides some examples of mite species alien iz Europe; i.e., European spe-
cies introduced from one part of Europe to another where they are not native.

Alien mites belong to two super orders, Acariformes (Actinotrichida) and Para-
sitiformes (Anactinotrichida). Most of these species belong to two orders of Acari-
formes, Prostigmata and Astigmata. Prostigmata includes the three most important
superfamilies:

* Tetranychoidea comprises two main families containing alien mites. The
Tetranychidae family, or spider mites, includes 1,250 described species (http://www1.
montpellier.inra.fr/CBGP/spmweb/). Among them, 100 can be considered as pests
and 10 as major pests of agricultural crops. All stages are phytophagous and feed on pa-
renchyma cells. No viruses associated with spider mites have been observed. The most
widely distributed species is the highly polyphagous and ubiquitous Zetranychus urticae
(two spotted spider mite), found on nearly 1,000 plant species. In Europe, alien spider
mites are generally more specialized and occur on a single genus or family of plants.
Due to their minute size (200 to 900 pm) typical of many species of Acari, spider mites
remain undetected until major plant damage occurs. The members of another family,
Tenuipalpidae, or false spider mites, are important obligate phytophagous mites. They
are elongate, dorsoventrally flattened and usually have a reddish colour.

* Eriophyoidea includes three families:

— Eriophyidae, to which belong ca. 88% of all known Eriophyoidea in the
fauna of Europe (Fauna Europaea 2009). These are vermiform, four legged mites. The
family includes important economic pests of broadleaved plants. All known mite vec-
tors of plant pathogens and nearly all gall-forming species belong to this family. About
half are vagrants. Most of the species in the genera Aceria and Eriophyes cause spe-
cific galls on the leaves, green twig, flower buds, vegetative buds, or fruit of the hosts
(Oldfield 1996). Others, especially Epitrimerus, Phyllocoptes, Aculops and Aculus cause
discolouration and other non-distortive damage to their hosts.
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No. species No. species
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892 Eriophyiidae

Tetranychidae

Ixodidae
Tenuipalpidae
Phytoptidae

Listrophoridae
Phytoseiidae
Laelapidae
Diptilomiopidae
Macronyssidae
Tarsonemidae
Epidermoptidae
Myocoptidae
Pyroglyphidae
Varroidae

Native species

Figure 7.4.1. Relative importance of the mite families in the alien and native fauna in Europe. Families
are presented in a decreasing order based on the number of alien species. Species alien #o Europe include
cryptogenic species. Only the most important families of native species (> 50 spp.) have been considered.

The number over each bar indicates the number of species observed per family.

— Phytoptidae, which are obligate phytophagous and gall mites, with a high
degree of specificity. They are also vermiform and four-legged. The family Phytoptidae
is well represented on conifers (half of the described phytoptid species) and monocots.
Phytoptidae is less represented than Eriophyidae or Diptilomiopidae on dicotyledons.
Four alien species out of a total of 56 species have been reported in the fauna of Europe.

— Diptilomiopidae, which are predominantly leaf vagrants, only inhabiting
leaves of dicotyledons, and rarely causing notable damage to their hosts (Keifer 1975).
Two monotypic genera are known from only two families of monocotyledons (Poaceae
and Palmae) occurring in the tropics. Rhyncaphytoptus species are mainly represented
on several families of deciduous trees in the Holarctic region. Two alien species have
been reported, out of the total 61 in the European fauna.

* Tarsonemoidea represented by the family Tarsonemidae includes economically
important mites. Most of them are mycophagous. Some species are phytophagous,
whereas others are parasites of bark beetle eggs, or predators of tetranychid eggs. The
most redoubtable pest species in the family is the broad mite, Polyphagotarsonemus latus
(=Hemitarsonemus latus), which was described in 1890 and has recently been redefined
and considered as being a species complex (Gerson 1992).

The order Astigmata is less represented in the alien fauna. A few species be-
long to the super-family Sarcoptoidea, and especially to families Listrophoridae
and Myocopidae. Members of Listrophoridae are usually small, elongate mites and
are skin or hair parasites of mammals. The palpae and/or legs I-II are often highly
modified for grasping hairs. Four species of Listrophoridae mites have invaded Eu-
rope, grasped to the fur of muskrats: Listrophorus americanus, L. dozieri, L. faini
and L. validus (Sefrové and Lastivka 2005). Myocopids, or hair mites, live on skin
of marsupial and rodents (Bauer and Whitaker 1981, Sefrova and Lastavka 2005,
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Whitaker 2007). Myocoptes ondatrae is an ectoparasite that has invaded Europe
by grasping the fur of muskrats (Bauer and Whitaker 1981, Sefrovd and Lasttvka
2005, Whitaker 2007). Other species belong to the super-family Acaroidea and
families Epidermoptidae and Pyroglyphidae. Epidermoptidae are skin parasites of
birds. Epidermoptes bilobatus causes avian scabies. Pyroglyphidae are external para-
sites living on bird feathers or are nidicolous. Dermatophagoides evansi feeds on hu-
man detritus, and lives in house dust as well as within bird nests (Piotrowski 1990,
Razowski 1997).

Among the super-order Parasitiformes (Anactinotrichida), aliens belong to or-
ders Ixodida and Mesostigmata. Ixodida is represented by the species in the family
Ixodidae, which is treated in a separate section at the end of the chapter. Alien Mes-
ostigmata belong to superfamilies Ascoidea and Dermanyssoidea. The first super-
family is represented by a single family with aliens, Phytoseiidae, which are predators of
spider mites. In Europe, species such as Phyroseiulus persimilis, Amblyseius (Neoseiulus)
californicus and Iphesius (Amblyseius) degenerans are used as biological control agents
against phytophagous pests (Bartlett 1992, Croft et al. 1998, Easterbrook 1996, EPPO
2002, Garcia Mari and Gonzalez-Zamora 1999, Helle and Sabelis 1985, McMurtry
and Croft 1997). Three families of Dermanyssoidea contain alien species. Varroidae
mites are ectoparasites of honeybees. Varroa destructor is at present the most important
parasite of Apis mellifera (L.). Varroa feeds on the haemolymph of adult, larval and
pupal bees. Laclapidae mites live in soil, are nidicoles or parasitize small mammals
and insects. Ondatralaelaps multispinosus is an ectoparasite of muskrats (Sefrovd and
Lasttvka 2005). Laelaps echidninus is a common worldwide ectoparasite of spiny rats,
wild brown rats and is occasionally found on the house mouse and cotton rat (Whar-
ton and Hansell 1957). Macronyssidae mites are haematophagous, have a large dorsal
shield, prominent chelicerae and inconspicuous body setae (Easterbrook et al. 2008).
Ornithonyssus bacoti is a parasite of rats, living in rat nests and their surroundings (Cole
etal. 2005, Easterbrook et al. 2008, Fan and Petit 1998, Whitaker 2007). Ornithonys-
sus bursa is a natural parasite of common birds including pigeons, starlings, sparrows,
Indian mynahs, poultry, and some wild birds, such as the robin (Berggren 2005).

7.4.3 Temporal trends of introduction in Europe of alien mite species

The rate of arrival of alien mites in Europe is increasing exponentially (Figure 7.4.2).
An average of 2.1 alien species was newly recorded per year in Europe during 2000—
2007 whereas only half this number was recorded during the period 1950-1974 (1
species/year). However, large differences were found between families.

The first records for Europe of all alien Tetranychidae are extensively documented
in this chapter. There are no records reported before 1950; however, only few taxono-
mists were specialized on the family before this date. Since the second half of the 20*
century, tetranychid species have been reported at an average rate of one new species
every two years, with an acceleration of reports (one species per year) since 2000.
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Figure 7.4.2. Temporal changes in the mean number of records per year of mite species alien 70 Europe

from 1800 to 2009. The number over each bar indicates the absolute number of species newly recorded

per time period.

Most of these mites represent agricultural pests, and therefore have been widely studied
which explains the overrepresentation of crop pest species as Tetranychidae aliens.

The mean number of records of Eriophyoidae species alien to Europe increased
rapidly during the third quarter of the 20™ century. Only one species Aceria alpestris,
which is alien in Europe, was recorded within the period 1850-1899. This species
was described from the host plant Rhododendron ferrugineum L. from Tirol (Austria).
The species was later recorded in mainland Italy, Czech Republic, Slovenia and Ser-
bia, but it is not clear if it was associated with cultivated Rhododendron. Species re-
corded intensively between 1900-1924 (although described from Germany in 1857)
are categorized as cryptogenic (Eriophyes pyri, the pear blister mite) or alien in Eu-
rope, like Aculus hippocastani (recorded in 1907, but probably introduced in Europe
from the 17™ century when its host plant Aesculus hippocastanum L. was intensively
cultivated), and Aceria loewi (probably introduced in the 16™ century when lilac
started to be cultivated in France). Aculops allotrichus, which is alien to Europe, was
recorded in 1912 but was probably, introduced with its host Robinia pseudoacacia L.
which was for the first time introduced into France at the beginning of 17 century.
Aceria erinea and A. tristriata were suspected to have an Asian origin and have been
designated as aliens. They were recorded on 1903, but probably were present on its
host, Persian walnut, in the Balkans and South Europe much earlier. Only one species
in the Eriophyoidae was recorded between 1925-1949, e.g. Aceria petanovicae, the
lilac rust mite. Being for long time known under the name of Aculops massalongoi the
species is alien in Europe.
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Six alien species to Europe were recorded between 1950-1974. Two pests of citrus,
Aceria sheldoni (citrus bud mite) and Aculops pelekassi (citrus rust mite) and the azalea
mite Phyllocoptes azaleae, are suspected to have been introduced from Asia. Character-
istic symptoms of deformed lemon fruits caused by A. sheldoni were drawn by Battista
Ferrari in Italy in 1664 (Ragusa 2002). Three pests have been reported from North
American maple trees (Acer negundo L., A. saccharinum L. and A. rubrum L.), i.e.
Shevichenkella brevisetosa, Vasates quadripedes and Rhyncaphytoptus negundivagrans. The
25 species recorded during the period 1975-1999 almost all have a North American
origin (only Epitrimerus cupressi is designated as cryptogenic, because of the Mediter-
ranean origin of its host Cupressus sempervirens L.). During the period from 2000 to
2007, one species alien 70 Europe, Rhyncaphytoptus bagdasariani, has been recorded as
being introduced from Asia and the serious pest Aceria fuchsiae (a species on the Euro-
pean quarantine list) was introduced from South America. As for other phytophagous
mites, the most probable explanation for the acceleration in the pace of introductions
of alien eriophyids is intensification of international trade. Most of these alien species
inhabit ornamental trees and shrubs, flowers and potted ornamental plants.

Some alien parasitic mites have invaded Europe with rodents such as muskrats and
brown rats. The muskrat (Ondatra zibethicus L.) is an invasive rodent native to North
America. It was introduced around 1905, by humans as a fur resource in several parts
of Europe, as well as in Asia and South America. Six species of mites, native from
North America (Bauer and Whitaker 1981, Whitaker 2007), have invaded Europe
grasping its fur (Glavendeki¢ et al. 2005, Sefrové and Lastiivka 2005). The first report
of muskrat mites was recorded in 1955, and a second in 2000, both in Czech Republic.
Two other parasitic species, Laelaps echidninus and Ornithonyssus bacoti, are also alien
ectoparasites of rodents that have invaded Europe and were identified in the 1950’
(Sefrovd and Lastaivka 2005), but the exact pathway of introduction is not known.
One possible vector is the wild brown rat, Rattus norvegicus (Berkenhout). Thought to
have originated in northern China, this rodent spread in Europe in the middle ages
and is now the dominant rat in the continent.

Birds are vectors of a second group of alien parasitic mites, that include Epider-
moptes bilobarus and Ornithonyssus bursa, both identified in the 1950%, in the Czech
Republic (Sefrové and Lastavka 2005). The exact route of introduction is not known
with confidence, but a possible vector is the chicken (Gallus gallus domesticus L.). In
the 20®century, with the intensifications of poultry production, concerns have been
raised about the increasing risk of transfer of diseases and mites (from chickens to na-
tive bird species).

Whereas the exact date of arrival of alien mites is generally unknown, deliberately
released biological control agents are the exception to this rule. Among them, three
phytoseiids are mainly used as predatory species against pests (McMurtry and Croft
1997). Phytoseiulus persimilis was introduced for the first time in the 1970’ in Bulgaria
and Czech Republic (EPPO 2002, Sefrova and Lasttivka 2005). Neoseiunlus californicus
was introduced for the first time in 1991 in Great Britain (EPPO 2002). It was also in-
troduced at the same period in the Czech Republic (EPPO 2002, Sefrov4 and Lasttivka
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2005). The third introduced mite is Iphiseius degenerans. It is native from the Mediter-
ranean region and was introduced for the first time in 1993 in Czech Republic (EPPO
2002, Sefrovd and Lastaivka 2005). Nowadays, these three biological agents have been
introduced in most European countries.

7.4.4 Biogeographic patterns of the mite species alien to Europe

7.4.4.1 Origin of the mite species alien to Europe

Figure 7.4.3. presents the region of origin of the 101 alien species of mites. Most of the
alien mite species (52%) came from North America, then from Asia (25%), and Cen-
tral and South America (10%). The origin of phytophagous alien mites can usually be
inferred from the origin of the host plant. These mites are dispersed over long distances
mainly by the introduction of plant material and spread further by plant cultivation in
newly colonized regions. Aerial distribution is possible and most frequent, but mainly
over short distances (Margolies 1993, Margolies 1995). In the case of highly polypha-
gous species such as several Tetranychidae, their ubiquity and highly diverse host uses
might be misleading and the origin can be difficult to ascertain. Twelve out of 27 alien
Tetranychidae originated in North America, nine in Asia and only five in Central and
South America. Temperate regions provide the majority of the alien species (16 vs. 11
for tropical areas).

The majority of eriophyoid species are mono- or oligophagous and are distributed
within the host range. North America appears to be the dominant source of the alien
eriophyoid fauna with half of the species originating from this continent. Around 26%
of species originate from Asia, and less than 10% from South America. A few species
are designated as cryptogenic or with questionable origin. For example, Rhyncaphy-
toptus negundivagrans, although described from Hungary, probably originated from
North America with its host plant, Acer negundo. Whereas the camellia rust mite, Co-
setacus cameliae (described from California) was probably introduced to Europe from
the USA, it probably has an Asian origin considering that Camelia japonica L. comes
from subtropical and tropical regions of Southeast Asia. The pouch gall mite of plum
leaves, Eriophyes emarginatae, first discovered in the USA, has also been recorded in
Serbia and Japan. This mite is very closely related to the European E. padi (Nalepa)
(Petanovi¢ 1997) and may even be the same species, with synonymous names (Keifer
1975). Epitrimerus cupressi was described from North America, but according to the
origin of its host plant Cupressus sempervirens, which is from the Mediterranean re-
gion, the mite probably has an European origin too. The gall mite Phyroptus hedericola
(Phytoptidae) is native from South Africa (Glavendeki¢ et al. 2005), and Zriseracus
chamaecypari (Phytoptidae) from North America (Ostojé-starzewski and Halstead
2006, Smith et al. 2007).

Among the false spider mites (Tenuipalpidae), Brevipalpus californicus, B. obovatus
and Tenuipalpus pacificus originated from Central and South America, and Florida
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(USA) (Denmark 1968, Manson 1967). Six alien species of rodents bear parasitic mites
originating from North America, and belong to the families Listophoridae (four spe-
cies), Laelapidae (one species), and Myocoptidae (one species). In their native country,
they are all ectoparasites of murskrats. There are also some bird parasites: one species of
Epidermoptidae, Epidermoptes bilobatus, is an ectoparasite native from South Asia, and
Ornithonyssus bursa is probably native from Trinidad.

A single Varroa species, V. destructor, is alien to Europe (Griffiths and Bowman
1981). Its native range is South East Asia, where it was originally confined on its
original host, the Asian honeybee, Apis cerana F. This mite came to be a parasite of the
European honeybee, Apis mellifera, in the mid-twentieth century. Importation of com-
mercial A. mellifera colonies into areas with A. cerana brought the previously allopatric
bee species into contact and allowed V. destructor to switch to the new host

7.4.4.2 Distribution in Europe of the alien mite species

Alien mite species are not evenly distributed throughout Europe. Large differences in
the number of aliens are noticed between countries (Figure 7.4.4) but it may reflect
differences in sampling efforts and in the number of local taxonomic specialists.

Among the Tetranychidae, 19 alien species are found around the Mediterranean
Basin and 12 in the rest of Europe. With relatively warm winters, the Mediterranean
region provides suitable climatic living conditions for many species of temperate cli-
mates, but also for the establishment of many species of tropical or sub-tropical origin.
Except for Panonychus citri and the cryptic species Tetranychus ludeni, which can be
found in glasshouses in Europe, all tropical alien spider mites are restricted to the area
around the Mediterranean Sea.
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Most alien Eriophyids have a very restricted distribution. More than 40% of the spe-
cies have been observed in only one country (17 species), more than 40% (21 species) in
2-5 countries, and approximately 20% (7 species) in 611 countries. Eight European
countries have no recorded occurrence of alien eriophyoids to date. Only one species,
the pear blister mite Eriophyes pyri (which has cryptogenic status), has been recorded
from 32 European countries. Besides £. pyri, the more widely distributed eriophyoid
species are: Aceria erinea, A. loewi, A. sheldoni, Aculops pelekassi and Eriophyes canestrini.
The gall mite Phyroptus hedericola (Phytoptidae) entered Europe in 2002 and has been
observed in Serbia (Glavendeki¢ et al. 2005). Trisetacus chamaecypari (Phytoptidae) en-
tered Europe in 2002 (Ostoji-starzewski and Halstead 2006, Smith et al. 2007). The
status of Typhloctonus squamiger (Phytoseiidae), a poorly known phytophagous mite
found on trees in Italy since 1991 (Rigamonti and Lozzia 1999), is questionable.

The distribution of biological agents belonging to the Phytoseiidae family is well-
known. Phytoseiulus persimilis is now present in nearly all of Europe (Table 7.4.1)
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(EPPO 2002). Neoseiulus californicus has been found in the same countries except Aus-
tria, Hungary, Morocco, Slovakia, Sweden and Turkey. The third introduced phytoseid
mite, [phesius degenerans, is also present in several countries (Table 7.4.1).

The broad mite Polyphagotarsonemus latus (Tarsonemidae) is now cosmopolitan. In
Europe, it was reported for the first time in 1961 and since then the mite has invaded
almost all countries (Table 7.4.1) (CAB-International 1986, Fan and Petit 1998, Na-
tarajan 1988, Parker and Gerson 1994); it is potentially now in all parts of Europe.

Three species of false spider mites (Tenuipalpidae) are major invaders in Europe.
Brevipalpus californicus, found in 316 orchid and tree species of 67 genera and 33
families, was first recorded in 1960 and is mainly observed in citrus trees around the
Mediterranean basin (Denmark 1968, Manson 1967). The privet mite, Brevipalpus
obovatus is found in 451 herb, ornamental and shrub species (19 genera, 55 families)
(Manson 1967) has been recorded from Austria, Cyprus, France, Germany, Israel,
Netherlands, Serbia and Spain (Manson 1967). Tenuipalpus pacificus (the Phalaenopsis
mite) is found in greenhouses of Phalaenopsis orchids in Germany, Great Britain, Neth-
erlands and Serbia (Denmark 1968, Manson 1967).

The introduced range of Varroa destructor is practically worldwide. It was first re-
ported in Eastern Europe in the mid- 1960s and it has spread rapidly all over the con-
tinent. Two different genotypes, characterized by mitochondrial DNA sequences, have
spread as independent clonal populations (Solignac et al. 2005), the Korean and the
Japanese haplotypes, the latter having been found, besides Asia, in the Americas only.

7.4.5. Pathways of introduction in Europe of alien mite species

Although colonisation routes are poorly documented for the Tetranychidae, it is known
that many species travel with their host plant. Small organisms like tetranychids are
easily transported with plant material (leaves and in bark crevices). Only five species
feed mainly on herbaceous plants (Zezranychus evansi, T. macfarleni, 1. sinhai, Schizo-
tetranychus parasemus, and Petrobia lupini), whereas all other alien species in the family
feed on perennial shrubs.

As for tetranychids, the horticultural and ornamental trade is probably the most
important factor for accidental introductions of almost all species of alien Eriophyoi-
dae. Just a few species of Eriophyoids are on European quarantine lists, as plants are
rarely inspected for presence of these mites. Infested plant material is not regularly
intercepted at borders even in the case of important pests such as the grape rust mite
Calepitrimerus vitis (Nalepa) or the blackberry fruit mite Acalitus essigi (Hassan), which
are frequently disseminated with plant seedlings. During recent decades more than
50% of aliens were imported with ornamental plants. Among eriophyids, which are
obligate plant parasites, only one trophic group which is associated with weeds, can be
subject to intentional introduction. Although these mites were recently nominated as
potential agents for classical biological control of weeds (few species are imported for
this purpose), they have not yet been used for this purpose in Europe. Four species of
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alien eriophyoids which were probably introduced along with their host plants may
have the potential as biological control agents of serious alien weed pests. In particular,
Aceria ambrosiae can be used against the allergenous weed Ambrosia artemisifolia L.
that was imported into Europe from North America.

As for other phytophagous species, the broad mite Polyphagotarsonemus latus (Tar-
sonemidae) has mainly been dispersed by human activities, but also by wind or in-
sect transfer. Movement by insects should not be neglected: this concerns almost only
females that get attached to the legs of aphids and the whiteflies Bemisia argentifo-
lii (Bellows and Perring), Bemisia tabaci (Gennadius) and Trialeurodes vaporariorum
(Westwood) (Homoptera: Aleyrodidae) (Fan and Petit 1998, Natarajan 1988, Parker
and Gerson 1994).

Although including important crop pest species, the dispersal potential of false
spider mites (Brevipalpus spp.), Tenuipalpidae, remains unclear (Childers et al.
2003a, 2003b).

Intentional introductions of mites represent a low proportion of alien arrivals.
Only three phytoseeid predators were introduced purposely for biological control
and have established. Some of these biological control agents were released in the
field but others were first released in glasshouses, and then escaped and became es-
tablished outdoors.

International travel and commerce has facilitated the dispersal of Varroa destruc-
tor. Once established in a new region, the mite spreads using drifting, robbing, and
swarming behaviour of the host. Human mediated varroa dispersion also occurs via
apicultural practices.

7.4.6. Ecosystems and habitats invaded in Europe by alien mite species

Alien mites established in Europe predominantly live in agrosystems or anthropogenic
environments (ca. 92%; Figure 7.4.5). This is especially verified in Tetranychidae and
Eriophyidae. Among eriophyoids, some are present in man-made habitats, parks and
gardens (22 species), agricultural lands (13 species), and greenhouses (10 species); very
few species inhabit woodland and forest, costal, alpine or sub alpine habitats. Most
alien species in this superfamily are leaf vagrants (13 species). Twelve species cause
leaf galls, erinea* and leaf rolling, 11 cause leaf and/or fruit russeting or other type of
discolouration, six live predominantly in buds causing bud galls, three species cause
stunting of whole plants and/or plant organs and two cause flower and/or fruit defor-
mations. Among the leaf gall makers, the most important horticultural pests are dis-
tributed in many European countries, such as E. pyri, A. erinea, A. tristriata or, such as
A. fuchsiae which is on quarantine lists. Among the rust mites, only a few are important
horticultural pests like A. theae, A. pelekassi and C. carinatus. Most species are pests of
ornamental trees, shrubs or flowering plants, having an important aesthetic impact
on plants in parks and streets in most European towns and cities (i.e. A. gleditsiae,
A.ligustri, A. petanovicae, S. strobicus, P chrysanthemsi), an exception being A. sawatch-
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Figure 7.4.5. Main European habitats colonized by the established alien species of mites. The number
over each bar indicates the absolute number of alien dipterans recorded per habitat. Note that a species

may have colonized several habitats.

ensae which inhabits weeds. Two Eriophyoids which cause plant stunting, A. paradi-
anthi and 1. califraxini, are important pests of ornamental plants and one species, A.
ambrosiae, is a potential biocontrol agent against the alien weed Ambrosia artemisifolia.
Two species which cause flower and/or fruit deformations, A. alpestris and A. sheldoni,
are respectively pests of Rhododendron and citrus trees.

The gall mite Phytoptus hedericola lives on ivy (Hedera helix L.) and Trisetacus laricis
switched from American larch to European larch (Larix decidua Mill.).

The broad mite Polyphagotarsonemus latus (Tarsonemidae) has a very short life
cycle of a few days, damaging crops abruptly. Being highly polyphagous, the species
has been reported on 57 plant families (Gerson 1992) both in open field crops and
in greenhouses. This is an important pest of crops and ornamental plants such as
azaleas, castor bean, chillies, citrus fruits, cotton, cucumber, mango, papaya, pep-
per, potato, sweet potato, tea, tomato and winged bean (Gerson 1992, Glavendeki¢
et al. 2005, Heungens 1986, Raemackers 2001). Nevertheless, in Europe this mite
is found mainly in greenhouses because the mite cannot survive winter conditions
outdoors.

False spider mites (Brevipalpus spp.; Tenuipalpidae) present a risk of invasion in
greenhouses. Brevipalpus obovatus (the privet mite) is found on ornamentals and shrubs
like citrus and azaleas and could become of great importance in glasshouses for orna-
mentals (Childers et al. 2003a, 2003b). Zénuipalpus pacificus (the Phalaenopsis mite)
is one of the rare monophagous mites in the family, but it is a very destructive pest of
orchids under greenhouses, mainly because it has several generations per year and has
a two-month life cycle (Denmark 1968, Manson 1967).
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A Pyroglyphidae mite, Dermatophagoides evansi, is a cosmopolitan free-living spe-
cies, often encountered in synanthropic situations and has probably been accidentally
introduced by humans (Bigliocchi and Maroli 1995, Hughes 1976).

7.4.7. Ecological and economic impact of alien mite species

Seven species of alien Tetranychidae are important pests. On citrus, four alien species
are found: Panonychus citri, Eotetranychus lewisi (also on grapes) Eutetranychus banksi
and E. orientalis, the last presently spreading to Southern Portugal and Spain from
Huelva to Murcia and Alicante. Oligonychus perseae is found on avocado and produces
very severe damage in southern Spain (Malaga, Granada and Huelva) and in the Canary
Islands. Stigmaeopsis celarius is found on bamboos and causes important visual damage
to these ornamental plants. Zetranychus evansi is found on solanaceous crops and can
reach very high density as observed in France, Spain and Canary Islands. All these mites
are present in the Mediterranean Basin, which appears to be the region most threatened
by alien species. Only two of these species can be found outside the Mediterranean
area: Panonychus citri, especially in glass-houses, and Stigmaeopsis celarius.

In humid citrus-growing regions of the world, eriophyoid mites are considered to be
the major mite pests (Jeppson et al. 1975, McCoy 1996). Two alien species, Aceria shel-
doni and Aculops pelekassi, distributed worldwide, are among the most important pests in-
festing citrus. The pear blister mite, Eriophyes pyri, widely distributed in Europe, probably
does little harm to the tree, but in severe infestations, the tree leaves may become disfig-
ured, and most importantly the mite may damage fruits (Easterbrook et al. 2008). Besides
fruit orchards, species in the superfamily inhabiting wild trees in natural forests are: Aceria
tristriata and A. erinea which appear to be the most common and most injurious erio-
phyoids found on Juglans regia L. (Castagnoli and Oldfield 1996). Among the five species
of eriophyoid mites reported from commercially important beverage crops in different
parts of the world, wherever tea is grown, the purple tea mite Calacarus carinatus and the
pink tea mite Acaphylla theae are economically important in Southeast Asian countries,
and in India (Channabasavanna 1996). Both species are aliens to Europe, reported from
mainland Italy (4. zheae) and from Hungary, Poland and Spain (C. carinatus). Records
concerning host plant range in the case of C. carinatus are, besides tea, Viburnum opulus
L. and Capsicum annuum L. (Amrine and Stasny 1994). Bearing in mind that congeneric
Calacarus citrifolii has an extremely wide host range (Oldfield 1996), this might be also
the case for C. carinatus, which would convey on the latter serious pest status in Europe.
Economic impact of alien pest species of eriophyoids on ornamentals has been observed
for Aculops gleditsiae on honey locust, Aceria petanovicie on lilac, Aculops ligustri on privet
hedges, Aculops allotrichus on black locust, Reckella celtis on Celtis australis L., Shevichen-
kella brevisetosa on Acer negundo, Vasates quadripes on silver maple, Phytoptus hederae on
English ivy, and Sezoptus strobicus on Pinus strobus L. (Petanovi¢ 2004). Flower and foliage
aesthetic impact has been observed indoors (business centers, restaurants, shopping cent-
ers, hotels, etc.) for a few alien eriophyoids, Cecidophyopsis hendersoni causing a powdery
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Figure 7.4.6. Alien mites and their damage. a Curling and rusting of black locust leaves caused by Acu-
lops allotrichus b Chlorotic and misshapen leaves of Acer negundo caused by Shevtchenkella brevisetosa (left)
and uninfested leaves (right) € Leaf rusting of lilac leaves caused by Aceria petanovicae d Aceria petanovi-
cae, dorsal view-SEM photograph e Rusting of Pinus strobus needles caused by Setoptus strobacus f Setoptus
strobacus eggs, juveniles and adults between needles of Pinus strobus g Leaf distortion and unopened da-
maged flower buds of chrysanthemum caused by Paraphytoptus chrysanthemi h Deformed flower heads of
chrysanthemum caused by Paraphytoptus chrysanthemi i Colony of Cecidophyopsis hendersoni on Yucca leaf
j Panonychus citri. (a—i Credit: Radmila Petanovi¢; j Credit: Alain Migeon).

appearance on Yucca leaves, Cosetacus cameliae causing bud rust and abortion on flower
buds of Camelia plants, and Paraphytoptus chrysanthemi causing deformed buds, hairy
leaves and rust on Chrysanthemum (Petanovi¢ 2004).

The broad mite Polyphagotarsonemus latus (Tarsonemidae) and the false spider
mites (Brevipalpus spp.) (Tenuipalpidae) are major pests of great agronomical impor-
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tance because of their broad host range, worldwide distribution and economic impact
(CAB-International 1986, Fan and Petit 1998, Gerson 1992, Heungens 1986, Natara-
jan 1988, Parker and Gerson 1994, Raemackers 2001). The most important threat for
Brevipalpus spp. is the spread of citrus viruses (Childers et al. 2003b).

Among parasitic mites, the hair mites (muskrat mites) are currently considered
non-pathogenic for humans although they are sometimes found in the fur of other
mammals. Laelaps echidninus (Laelapidae) is a common worldwide ectoparasite of the
spiny rats (hystricognath rodents), wild brown rat and is occasionally found on the
house mouse, cotton rat and other rodents. It is a bloodsucking mite and the natu-
ral vector of Hepatozoon muris Balf. (Protozoa, Adeleidae), a haemogregarine parasite
pathogenic for white rats (Smith et al. 2007) but which should not be overlooked as
a possible vector of disease to humans (Wharton and Hansell 1957). Ornithonyssus
bacoti (Macronyssidae) is a parasite of rats and inhabits the area in and around the
rat’s nesting area. This mite is the only one of the common rat mites which frequently
deserts domestic rats to bite man or his domestic and laboratory animals (Cole et al.
2005). It is also a bloodsucking mite and its bite is painful and causes skin irritation,
itching and skin dermatitis in humans (James 2005). Ornithonyssus bacoti, is a known
vector of the murine filarial nematode Litomosoides carinii Travasaos. In addition, it
is susceptible to the transmission of endemic typhus, Rickertsia typhi (Wolbach and
Todd) 1943 (= R. mooseri Monteiro) to humans (Berggren 2005, Bowman et al. 2003).

Epidermoptes bilobatus (Epidermoptidae) is a bird parasite causing avian scabies.
This endoparasite burrows into the skin causing inflammation and itchiness. The skin
thickens with brownish-yellow scabs, which may become secondarily infected with a
fungus. It is difficult to control and can cause death. Culling infested birds is usually
required (Department of the Environment and Heritage 2006). Ornithonyssus bursa
(Macronyssidae) is an haematophagous natural parasite of common birds including
pigeons, starlings, sparrows, Indian mynahs, poultry, robin (Berggren 2005). These
pest mites and parasites are and will remain a long term problem for poultry housing
(Gjelstrup and Moller 1985). Although none of these two species of mites are truly
parasitic on humans and pets, they readily bite humans and are liable to cause allergies
and dermatitis in human (Denmark and Cromroy 2008, James 2005). Dermatopha-
goides evansi (Pyroglyphidae), and a species alien iz Europe, Glycyphagus domesticus
(Glycyphagidae), have been accidentally introduced by humans and often encoun-
tered in synanthropic situations (Bigliocchi and Maroli 1995, Hughes 1976, Thind
and Clarke 2001). Glycyphagus domesticus also occurs in bird, bat and mammal nests.
It is associated with moist and humid conditions that promote the growth of mould
on which they feed (Thind and Clarke 2001). Dermatophagoides evansi (Pyroglyphi-
dae) feeds on detritus and is also found in house dust, birds’ nests and poultry houses
(Piotrowski 1990, Razowski 1997). Dermatophagoides evansi represents a source of air-
borne allergens in indoor house dust (Eriksson 1990, Musken et al. 2000) that may
cause sensitization, dermatitis, rhinopharyngitis and asthma especially among farmers.

The honeybee ectoparasite Varroa destructor causes serious losses through feeding
injury in apiaries in Europe but also almost worldwide. While the populations of the
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Figure 7.4.7. Ixodidae ticks on tortoises and snakes. a Hyalomma aegyptium on tortoise b Amblyomma

exornatum semi-engorged on Python head ¢ Amblyomma sp. on snake head (Credits: Nicasio Brotons)
d Female of Varroa destructor on abdomen of Apis mellifera (Credit: Alain Migeon).

parasite reach only a small size within colonies of A. cerana and do not damage the col-
ony, infested A. mellifera colonies die. The problems with varroa control are typical of
those encountered in curbing arthropod pest population. Varroas are becoming resist-
ant to the acaricides used by beekeepers to control them. The recent discovery in several
parts of the world (notably the United States of America (Harbo and Harris 2005) and
Europe (Le Conte et al. 2007)) of honeybee bee colonies able to tolerate heavy infesta-
tions of V. destructor opens the door to lasting solutions for controlling the parasite.

A positive impact is recognized for the three mite species deliberately introduced
to Europe for biological control of house flies and tetranychid mites. Phyroseiulus per-
similis and N. californicus are two well-known biological control agents used against
spiders mites such as Zetranychus urticae Koch (Garcia Mari and Gonzalez-Zamora
1999, Helle and Sabelis 1985) and Phytonemus pallidus (Banks) (James 2005). The
third introduced mite, [phiseius degenerans, targets numerous species of thrips (van
Houten and van Stratum 1993, van Houten and van Stratum 1995), e.g. 7hrips tabaci
Lindeman and Frankliniella occidentalis (Pergande) (Albajes et al. 1999, Bartlett 1992,
McMurtry and Croft 1997, Sengonca et al. 2004).

7.4.8. Alien tick species: case studies

It is difficult to ascertain if a tick may have permanent populations outside of its native
range or, to the contrary, they are just isolated records. In some cases, a few examples
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of a given species have been reported for a small area or found over non-resident hosts.
This may result from the introduction of a few specimens, commonly immature stages.
The most important means of introduction and expansion of ticks (provided that suit-
able climate and host is available) is by means of engorged females, because of their
huge potential to lay thousands of eggs.

The movements of domestic ungulates have introduced some tick species, that may
be considered to produce permanent and viable populations out of their native range.
An example is the introduction of Hyalomma dromedarii into the Canary Islands, by
the importation of dromedaries (Camelus bactrianus L.). The native range of this tick is
northern Africa where C. bactrianus is the main adult host, and H. dromedarii is abun-
dant in wide areas of Mauritania and Morocco. The current population of dromedaries
in the Canary Islands was introduced from Morocco at the end of 18" Century, and it
seems that this tick came into these islands using dromedary hosts. H. dromedarii may
use a wide range of hosts in immature stages, thus increasing risk of spread and perma-
nent establishment (Apanaskevich and Horak 2008, Apanaskevich etal. 2008). It is dif-
ficult, however, to assess the reliability of records of Hyalomma anatolicum excavatum.
A recent review of the original two subspecies (H. a. anatolicum and H. a. excavarum),
concluded that they should be considered as separate species, although the matter is
hard to decide as both taxa have a well defined allopatric range (Apanaskevich 2003).
H. excavatum is restricted to central and eastern Asia and H. anatolicum colonizes wide
areas of northern Africa. The records of H. excavatum from Bulgaria, Albania, Greece,
and Italy should be cautiously treated, as they may probably represent H. anatolicum
imported from northern Africa with domestic ungulates, as is the case for Hyalomma
detritum. The formerly recognized species H. detritum, restricted to northern Africa, is
now considered to be a synonym of the European H. scupense, which occurs not only in
scattered localities of mainland Europe but is present in wide areas of northern Africa.
Similarly, caution should be also applied for the single record of Hyalomma truncatum
in the Canary islands. This tick is currently known to be restricted to parts of Asia,
while a close species, H. rufipes, is common in sub-saharan Africa. While the adults of
H. rufipes feed on a variety of hosts, including domestic ungulates, the immature stages
commonly attach to diverse passerine birds. Most of these birds perform long distance
travel in their migratory flights from Africa to Europe, and they have been found car-
rying hundreds of immature ticks (Hoogstraal 1956). However, as mentioned above, it
is difficult for a population of nymphs to produce a viable and permanent population
of resident ticks. To our knowledge, H. rufipes has been recorded only in Cyprus and
Macedonia (Apanaskevich and Horak 2008), and we still do not know if these are per-
manent populations or only accidental records on their passerine hosts on migration
to lower latitudes from sub-saharan Africa.

The scenario for the tortoise tick, Hyalomma aegyptium, is however different. Its
presence outside northern Africa has been reported in countries such as Romania,
Spain, Italy, Greece, Bulgaria, Croatia, and even farther north in Belgium (Siroky Pet
al. 2007). The tick has permanent populations in areas of southern Russia (Robbins et
al. 1998). There have been also introductions of this tick by tortoises imported form
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northern Africa or eastern Europe, where this tick is common. The only record of a
permanent population of H. aegyptium as a consequence of an accidental importation
recorded for eastern Spain (Broténs and Estrada-Pefia 2004). Since the ticks attach
to portions of the neck and legs of the host body, it may be difficult to find feeding
stages even after careful observation of the hosts. In the reported case of introduction
of several specimens of Testudo graeca infested by ticks, the hosts were kept in a large
private garden with a Mediterranean-type climate and vegetation. After some years of
recurrent tick parasitism in the tortoises without new importations and repeated treat-
ments, it was realized that the tick had permanent populations in the garden, and the
hosts became infested according to the seasonal activity of the ticks.

An interesting case of tick introduction into mainland Europa are ticks commonly
found on snakes, like Amblyomma latum and A. exornatum (both formerly in the genus
Aponomma). These ticks feed for a long period on the host, and owing to their small
size and preference to feed under host scales, they are commonly unrecognized while
importing a host out of its native range. Amblyomma latum is a very common parasite
of Python spp., which is becoming increasingly popular as a pet in Europe. The only
known case of an importation of A. exornatum was noticed on specimens of Vara-
nus niloticus that arrived into Spain (Estrada-Pefia (Unpubl.)). These imported ticks
founded a permanent population in the terrarium where the lizards live, under suitable
conditions of high relative humidity and controlled temperature.

A very peculiar case of tick introduction is an alien 7z Europe, the brown dog tick,
Rhipicephalus sanguineus. While feeding on domestic dogs, this tick is endophilic and
is normally restricted to the Mediterranean region, being abundant in kennels, human
constructions and private gardens where dogs remain unprotected against tick bites.
Because of its endophilic behaviour, this tick may survive independently of prevailing
environmental conditions, since human habitations buffer harsh climate. Therefore,
unprotected pets travelling may harbor feeding ticks, and introduce them to unin-
fested areas which might be far from their native range. Such cases of introduction have
been commonly recorded in the United Kingdom and northern European countries
(Garben et al. 1980, Sibomana et al. 1986), as well as in Czech Republic (Cerny 1985).
Although there are as yet no reports of its establishment outdoors, this tick could be-
come established out of its former native range as a consequence of global warming.
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Table 7.4.1. List and characteristics of the mite species alien to Europe. Status: A: Alien to Europe; C: cryptogenic species. Country codes abbreviations refer to

ISO 3166 (see Appendix I). Habitat abbreviations refer to EUNIS (see Appendix II).

Family Status Regime Native range | I1st record | Invaded Habitat Hosts References
Species in Europe | countries
Diptilomiopidae
Rhinophytoptus A |Phytophagous Asia South 2002, RS |RS 12, X11 Ulmus, Petanovi¢ (2004)
bagdasariani Shev. et West Quercus
Pog.,1985 macranthera,
Salix caprea
Rhyncaphytoptus C  |Phytophagous North 1960, HU |HU, RS 12, X11 Acer negundo | Petanovié (in prep.), Ripka
negundivagrans America? (2007)
Farkas, 1966
Epidermoptidae
Epidermoptes bilobatus A |parasitic/predator | Asia- Tropical | 1948, CZ |CZ L] Gallus Sefrovd and Lastiivka (2005)
Rivolta, 1876
Eriophyidae
Acaphylla theae (Watt A |Phytophagous Asia 1983, IT |IT, ES 12 Camellia Fauna Europaea (2009), Pérez
& Mann, 1903) Otero et al. (2003)
Acaricalus hederae A |Phytophagous North 1997, RS |RS 12, X11 Hedera helix | Petanovi¢ and Stankovi¢
Keifer,1939 America (1999)
Aceria ambrosiae A |Phytophagous North 1999, RS |RS J(J1-J4) | Ambrosia Petanovi¢ (1999)
Wilson, 1959 America psilostachya,
Ambrosia
artemisifolia
Aceria byersi Keifer,1961| A | Phytophagous North 1981, RS |RS X24,X25 | Cucumis Petanovié (1988), Petanovié¢
America sativus (1997)
Aceria caliberberis A |Phytophagous Asia South 1998, RS |RS 12, X11 Berberis Petanovié¢ (1998)
Keifer, 1952 West californica,
Mahonia
dyctiota
Aceria erinea (Nalepa, A | Phytophagous Asia South 1903, BG |BE, BG, CZ, 11,12, X11, | Juglans regia | Petanovi¢ (1988)
1891) West GB, LU, ME, X13

RO, RS
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Family Status Regime Native range | 1st record | Invaded Habitat Hosts References
Species in Europe | countries
Aceria ligustri A |Phytophagous North 1995, RS |BE, HU, PL, 12,FB, X11 | Ligustrum Petanovié¢ (1997), Petanovié¢
(Keifer,1943) America RS ovalifolium , | (1998), Soika and Labanowski

Ligustrum sp. | (1998), Witters et al. (2003)
Aceria neocynarae A |Phytophagous North 1998, ES | GR, I'T-SIC, I Cynara Fauna Europaea (2009),
(Keifer,1939) America PT, ES scolimus Gonzilez Nufez et al. (2002)
Aceria paradianthi A |Phytophagous North 1987, GR |IT, PL, GR J100 Dianthus sp. | Anagnou-Veroniki et al.
(Keifer,1952) America (2008), Fauna Europaca

(2009)
Aceria petanovicae A |Phytophagous Medi- 1939, IT |FI, GB, HU, 12, X11 Syringa Fauna Europaea (2009), Fauna
Nalepa, 1925 terranean IT, RS Italia, Petanovi¢ and Stankovi¢
East (1999), Ripka (2007)

Aceria sawatchense A |Phytophagous North 1981, RS |RS J (J1-J4) Polygonum | Petanovi¢ et al. (1983)
Keifer, 1965 America douglasii ssp.

johnstoni,

Polygonum

lapatifolium
Aceria sheldoni (Ewing, A |Phytophagous Asia ? 170, IT |ES, GR, IT, I, X13 Citrus Mijuskovi¢ and Tomasevi¢
1937) IT-SAR, I'T- (1975)

SIC, ME, PT
Aceria tristriata A |Phytophagous Asia South 1903, RS |BG, CZ, GB, X13 Juglans Petanovié¢ (1996), Trotter
(Nalepa, 1890) West LU, ME, RS (1903)
Aculops allotrichus A |Phytophagous North 1912, RO |BG, CZ, RO
(Nalepa, 1894) America
Aculops fuchsiae A | Phytophagous South 2003, FR | DE, FR, GB 11,12 Fuschia Deutsche Dahlien, Fuchsien,
Keifer,1972 America Gladiolen und Kiibelpflanzen,
Ostoja-Strazewski (2007)

Aculops gledirsiae A | Phytophagous North 1993 RS |HU, IT, RS X11 Gleditsia Fauna Italia, Petanovi¢ (1993),
(Keifer, 1959). America triacanthos Petanovi¢ (1997), Ripka

(2007), Ripka and De Lillo
(1997)
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Family Status Regime Native range | 1st record | Invaded Habitat Hosts References
Species in Europe | countries
Aculops pelekassi A |Phytophagous Asia 1958, GR |ES, GR, IT, I, X13 Citrus Mijuskovi¢ and Tomasevi¢
(Keifer, 1959) IT-SAR, (1975)
IT-SIC, ME,
MT

Aculops rhodensis A |Phytophagous North 1997, HU |HU, IT X11, X13 Salix alba, Fauna Italia
(Keifer,1957) America Salix elegnos
Aculus ligustri Keifer, A |Phytophagous North 1993, IT |HU,IT, RS X11,X13 | Ligustrum Fauna Italia, Petanovi¢ and
1938 America ovalifolium , | Stankovi¢ (1999), Ripka

Ligustrum sp. | (2007)
Anthocoptes punctidorsa A |Phytophagous North 1991, IT |IT 12, FB Ulmus laevis, |Rigamonti and Lozzia (1999)
Keifer, 1943 America U. pumila
Anthocoptes transitionalis)| A | Phytophagous North 1989, RS |RS X13 Acer rubrum, | Glavendeki¢ et al. (2005),
Hodgkiss, 1913 America A. monspessu- | Petanovi¢ (1997)

lanum
Calacarus carinatus A |Phytophagous Asia 1983, IT |ES, HU, IT, 12 Camellia, Fauna Europaea (2009)
(Green, 1890) PL Capsicum,

Viburnum
Cecidophyes malifoliae A |Phytophagous North 1991, RS |RS X13 Malus x Petanovi¢ and Stankovi¢
Parrot, 1906 America domestica, (1999)

Aremonia

agrimonoides
Cecidophyopsis A |Phytophagous North 1991, RS |RS, PL J100, J1 Yucca glauca, | Glavendeki¢ et al. (2005),
hendersoni (Keifer,1954) America Yucca gloriosa | Labanowski (1999), Petanovi¢

(2004)

Coprophylla lamimani A | Phytophagous North 1981, RS |IT, RS, ME 12, B, X13 | Corylus Petanovi¢ (1988), Rigamonti
(Keifer, 1939) America avellana, and Lozzia (1999)

Corylus

colurna
Cosetacus camelliae A | Phytophagous North 1990, ME | ES, ME 12, J100 Camelia Estacién Fitopatoléxica do
Keifer,1945 America Jjaponica Areeiro (1998), Petanovié

(1997), Petanovi¢ and
Stankovi¢ (1999)
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Family Status Regime Native range | 1st record | Invaded Habitat Hosts References
Species in Europe | countries
Epitrimerus cupressi C | Phytophagous California? 1986, ME |FR, ME 12 Cupressus Guttierez et al. (1986),
Keifer,1939 sempervirens | Petanovi¢ (1993)
Eriophyes emarginatae A |Phytophagous North 1978, RS |RS I, X13,G1 | Prunus Petanovié¢ (1997), Petanovié¢
Keifer,1939 America emarginata, and Dobrivojevi¢ (1987)
P americana,
Pdomestica
Eriophyes pyri C  |Phytophagous Cryptogenic | 1903, ME | AT, BA, BE, I DPear, apple, | Bebi¢ (1955), Fauna Europaca
(Pagenstecher, 1857) BG, CH, plum (2009), Hadzistevi¢ (1955),
CY, CZ, DE, Trotter (1903)
DK, ES, FI,
FR, GB, GR,
GR-CRE,
HR, HU, IE,
LT, LV, MD,
MK, MT,
NL, NO, PL,
PT, RO, RU,
SE, SI, YU
Paraphytoptus A |Phytophagous North 1997, RS |RS X25,J100 | Chrysan- Petanovié (1997), Petanovié¢
chrysanthemi America themum and Stankovié (1999)
Keifer,1940 morifolium
Phyllocoptes amaranthi A |Phytophagous South 1981, RS |RS J (J1-J4) | Amaranthus | Petanovié et al. (1983)
(Corti, 1917) America muricatus, A.
retroflexus
Phyllocoptes azaleae A |Phytophagous Asia- East 1952, CZ |BG, CZ, DE, G Rhododendron | Fauna Europaea (2009),
Nalepa, 1904 IT, NL Sefrovd and Lasttvka (2005)
Reckella celtis A |Phytophagous Armenia 1995, RS | MK, RS Gl1,X13 Celtis Petanovié et al. (1997)
Bagdasarian,1975 caucasiaca,
Celtis australis
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Family Status Regime Native range | 1st record | Invaded Habitat Hosts References
Species in Europe | countries
Shevtchenkella A |Phytophagous North 1999, RS |HU, PL, RS X11,X24 | Acer Petanovi¢ (in prep.)
brevisetosa America negundo. A.
(Hodgkiss,1913) negundo var.
californicum,
A.campestre
Shevtchenkella A |Phytophagous North 1989, RS |RS T (J1-J4) Erigeron Petanovi¢ and Stankovi¢
erigerivagrans (Davis, America strigosus (1999)
1964) Taraxacum
officinale,
Artemisia
absinthium
Tegolophus califraxini A |Phytophagous North 1988, IT |HU, IT 12, X10-X13, | Fraxinus Fauna Italia, Ripka (2007),
(Keifer, 1938) America X20 angustifolia Ripka and De Lillo (1997)
Vasates quadripedes A |Phytophagous North 1957, LV |HU, LV, RS, 12,FB Acer Petanovi¢ and Stankovi¢
Shimer 1869 America PL saccharinum, | (1999), Ripka (2007),
A.pseudo- Shetchenko and Rupais
platanus, A. (1964), Soika and Labanowski
rubrum (1999)
Ixodidae
Amblyomma latum A |parasitic/predator | Africa 2004, ES |ES E Reptile, Broténs and Estrada-Pena
Koch, 1844 python (2004)
Amblyomma exornatum A |Parasitic/predator | Africa 2004, ES |ES E Reptile, Estrada-Pefia (Unpubl.)
Koch, 1844 phyton
Dermacentor variabilis A |parasitic/predator | North ;DK |DK G Dog (transmit
(Say, 1821) America Lyme disease)
Hyalomma aegyptinm A |parasitic/predator | Africa 1911, DE |AL, BE, BG, I Tortoises Brotdéns and Estrada-Pefia
(L., 1758) CY, DE, ES, ( transmit (2004), Feider (1965),
FR, GB, GR, Borellia) Neumann (1911), Robbins
GR-CRE, IT, et al. (1998), Schulze (1927),
PT, RO, RU Siroky Pet al. (2007)
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Family Status Regime Native range | 1st record | Invaded Habitat Hosts References
Species in Europe | countries
Hyalomma anatolicum A |parasitic/predator | Cryptogenic | 1929, CY |CY F4, F5, F6, F7 | Cattle Apanaskevich (2003), Schulze
Koch 1844 and Schlottke (1929)
Hyalomma dromedarii A | parasitic/predator | Africa 1929 BG, ES-CAN | F4, F5, F6, F7 | Camels Drenski (1955), Schulze and
Koch 1844 Schlottke (1929)
Hyalomma excavatum A |parasitic/predator | Cryptogenic 1940 |AL, BG, CY, | F4, F5, F6, F7 | Carttle Apanaskevich (2003), Battelli
Pomerantsev 1946 ES-CAN, etal. (1977), Drenski (1955),
GR, GR- Rosicky et al. (1960)
CRE, IT
Hyalomma truncatum A |parasitic/predator | Cryptogenic | 1956 ES- | ES-CAN F4, F5, F6, F7 | Cattle Hoogstraal (1956) =
Koch 1844 CAN S
Rhipicephalus A |parasitic/predator | Cryptogenic | 1965, RO |RO F4, F5, F6, F7 | Domestic Feider (1965) <
rossicus Yakimov & animals, N
Kolyakimova, 1911 hedgehogs, s
occasionally E
humans §
(transmit N
Crimean
congo §
haemorragic 8
fever) N
Laelapidae ™
Laelaps echidninus A |parasitic/predator | Asia- Tropical | 1955, CZ |CZ G spiny rat Sefrova and Lastivka (2005),
Berlese, 1887 Smith et al. (2007), Wharton
and Hansell (1957)
Ondatralaelaps A |parasitic/predator | North 1955, CZ |CZ C Muskrat Sefrova and Lastivka (2005)
multispinosus (Banks, America
1909)
Listrophoridae
Listrophorus americanus A |parasitic/predator | North 1955, CZ | CZ C 1 muskrat Bauer and Whitaker (1981),
Radford, 1944 America Sefrovd and Lasttvka (2005),

Whitaker (2007)
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Family Status Regime Native range | 1st record Invaded Habitat Hosts References

Species in Europe | countries

Listrophorus dozieri A | parasitic/predator | North 2004, CZ |CZ C 1 muskrat Bauer and Whitaker (1981),

Redford, 1994 America Sefrova and Lastiivka
(2005), Whitaker (2007)

Listrophorus faini A |parasitic/predator | North 2004, CZ |CZ C, 1 muskrat Bauer and Whitaker (1981),

Dubinina, 1972 America Sefrova and Lastiivka
(2005), Whitaker (2007)

Listrophorus validus A |parasitic/predator | North 2004, CZ |CZ G 1 muskrat Bauer and Whitaker (1981),

Banks, 1910 America Sefrové and Lastivka
(2005), Whitaker (2007)

Macronyssidae

Ornithonyssus bacoti A |parasitic/predator | Asia- Tropical | 1952, CZ |CZ G, 1] tropical rat, Bowman et al. (2003), Cole

(Hirst, 1913) rat, mices, et al. (2005), Easterbrook

little rodents | et al. (2008), James (2005),

Sefrovd and Lasttvka (2005),
Whitaker (2007)

Ornithonyssus bursa A |parasitic/predator |C & S 1948, CZ |CZ, DK G 1] birds, Berggren (2005), Denmark

(Berlese) America mammals and Cromroy (2008),
Gijelstrup and Moller (1985),
James (2005)

Myocopidae

Myocoptes ondatrae A | parasitic/predator | North 2004, CZ |CZ C, 1 Muskrat Bauer and Whitaker (1981),

Lukoschus & Rouwet, America Sefrov4 and Lastiivka

1968 (2005), Whitaker (2007)

Phytoptidae

Phytoptus hedericola A |Phytophagous South Africa | 2002, RS |RS 12, X11 Hedera belix | Glavendeki¢ et al. (2005)

Keifer, 1943

Setoptus strobicus A s North 2005, RS |RS G3F, X25, X11 | Pinus strobus | Petanovi¢ (in prep.)

Keifer,1966 America

Sierraphytoptus A |Phytophagous North 2007, RS |RS Gl Alnus glutinosa| Petanovi¢ (in prep.)

alnivagrans Keifer, 1939 America

¥81

(0102) Z6T-6¥1 (1)F ysrorg / v 12 svlvavpy viwpy



Family Status Regime Native range | 1st record Invaded Habitat Hosts References
Species in Europe | countries
Trisetacus chamaecypari A |Phytophagous North 2002 GB 12 Chamecyparis, | Ostojd-starzewski and
Smith, 1977 America lawsonianna, |Halstead (2006), Smith et al.
C. nootkaensis, | (2007)
Cupressus
macrocarpa,
Juniperus
virginiana
Phytoseiidae
Phytoseiulus persimilis A | parasitic/predator | South 1974,CZ |BG, CZ, BE, 1 Predator of Bartlett (1992), Croft et al.
Athias-Henriot 1957 America DE, ES, GB, Tetranychus (1998), Easterbrook (1996),
IT EPPO (2002), Garcia Mari
and Gonzalez-Zamora (1999),
Helle and Sabelis (1985),
McMurtry and Croft (1997),
Sefrovd and Lasttvka (2005)
Amblyseins (Neoseinlus) A |parasitic/predator | North 1991, GB |BG, CZ, GB, 1 Predator of | Croft et al. (1998),
californicus (McGregor America IT Tetranychus Easterbrook (1996), EPPO
1954) (2002), Garcia Mari and
Gonzalez-Zamora (1999),
Helle and Sabelis (1985),
McMurtry and Croft (1997),
Sefrovd and Lasttvka (2005)
Typhloctonus squamiger A |Phytophagous Cryptogenic | 1991, 1T |IT I Acer Rigamonti and Lozzia (1999)
Wainstein 1960 platanoides,
Prunus
serratulata
Pyroglyphidae
Dermatophagoides A |parasitic/predator | North Unknown |NL, NO, PL, ] house dust Bigliocchi and Maroli (1995),
evansi Fain, Hughes et America IT Eriksson (1990), Hughes

Johnston, 1967

(1976), Musken et al. (2000),
Piotrowski (1990), Razowski
(1997), Thind and Clarke
(2001)
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Family Status Regime Native range | 1st record Invaded Habitat Hosts References
Species in Europe | countries
Tarsonemidae
Polyphagotarsonemus A | Phytophagous Sri Lanka IT, 1965 |DK, ES, GB, I polyphagous: | CAB-International (1986),
latus (Banks, 1904 IT, IT-SAR, crops, Fan and Petit (1998), Gerson
IT-SIC, NL, vegetables, (1992), Heungens (1986),
RO, RS, BE, fruits and Natarajan (1988), Parker and
DE leaves Gerson (1994), Raemacekers
(2001)
Tenuipalpidae
Brevipalpus californicus A |Phytophagous North IT, 1998 |CY, FR, GR- 12, J100 Citrus, CAB-International (1986),
(Banks, 1904) America CRE, GR, IT, Camellia Childers et al. (2003a),
IT-SAR, IT- sinensis Childers et al. (2003b)
SIC, PT, IL
Brevipalpus lewisi A |Phytophagous North Unknown |BG, FR, GR, 12, J100 Citrus, Childers et al. (2003a)
(McGregor 1949) America RO ornamentals
Brevipalpus phoenicis A |Phytophagous Tropical IT, 1998 |ES, GR, IT, 12,J100 Polyphagous, |Childers et al. (2003a),
(Geijskes 1939) NL Citrus, Childers et al. (2003b)
Gardenia,
Hibiscus, Ilex,
Ligustrum;
Ficus, Phoenix,
Prunus
Brevipalpus obovatus A |Phytophagous North IT, 1986 |AT, FR, DE, 12 Citrus, CAB-International (1986),
Donnadieu, 1875 America IL, NL, SP, Camellia, Childers et al. (2003a),
RS, BE, BA, Coffea, Childers et al. (2003b),
BG, HR, CY, Mentha, Glavendekié et al. (2005),
GR, IT, PT, Solanum Manson (1967)
RO, UA
Brevipalpus russulus A |Phytophagous C&S 1867, FR |BE, DE, FR, J100 Cactaceae Denmark (1978)
(Boisduval 1867) America GB, GR, NL,
PT, UA
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Family Status Regime Native range | 1st record | Invaded Habitat Hosts References
Species in Europe | countries
Tenuipalpus caudatus A |Phytophagous Tropical Unknown |FR, GR, IT, 12, J100 Citrus Manson (1967)
(Duggs 1834) PT
Tenuipalpus pacificus A |Phytophagous C&S Unknown | DE, GB, NL, J100 Orchids: Denmark (1968), Glavendeki¢
Baker 1945 America RO, RS Phalaenopsis, et al. (2005), Manson (1967)
etc..
Tetranychidae
Eotetranychus lewisi A |Phytophagous C&S 1990, PT- | PT-MAD I Citrus, Carica |Carmona (1992)
(McGregor, 1943) America MAD
Eotetranychus weldoni A |Phytophagous North 2004, RS |AL, MK, RS I Populus Glavendekié et al. (2005)
(Ewing, 1913) America
Eurytetranychus admes A |Phytophagous North 1970, HU | FR, HU 12 Coniferous | Bozai (1970), Migeon (2003)
Pritchard & Baker, America
1955
Eurytetranychus A |Phytophagous Asia- 1974, HU |[HU G Picea Bozai (1974)
ﬁm’xetm ‘Wainstein, Temperate
1956
Eutetranychus banksi A | Phytophagous C&S 2001, ES |ES, PT I Citrus Garcia et al. (2003)
(McGregor, 1914) America
Eutetranychus orientalis A |Phytophagous Asia-Tropical | 2001, ES |ES I Citrus Garcia et al. (2003)
(Klein, 1936)
Oligonychus bicolor A |Phytophagous North 1972, IT |IT-SAR, IT- 12 Quercus robur, | Rigamonti and Lozzia (1999)
(Banks, 1894) America? SIC, IT, PT Castanea
Oligonychus ilicis A |Phytophagous Asia- 1985, IT |IT, NL 12 Azalea, Rota and Biraghi (1987)
(McGregor, 1917) Temperate Rhododendron,
Camelia
Oligonychus laricis A |Phytophagous North 1964, PL |PL 12 Larix Boczek (1964), Doboz et al.
Reeves, 1963 America (1995)
Oligonychus perditus A |Phytophagous Asia- 1990, NL |NL 12 Juniperus Vierbergen (1990)
Pritchard & Baker, Temperate chinensis
1955
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Family Status Regime Native range | 1st record | Invaded Habitat Hosts References
Species in Europe | countries
Oligonychus perseae A |Phytophagous North 2004, ES |ES I1 Persea Alcdzar et al. (2005)
Tuttle, Baker & America americana
Abbatiello, 1976
Oligonychus pritchardi A |Phytophagous North 1984, PL |PL G Quercus robur | Kropczynska (1984), Doboz et
(McGregor, 1950) America al. (1995)
Oligonychus punicae A |Phytophagous C&S 1988, FR- | FR-COR 12 polyphagous: |Bolland et al. (1998)
(Hirst, 1926) America COR Quercus,
Juglans,
Eucalyptus
Panonychus citri A |Phytophagous Asia 1950, FR |AL, BG, ES, I1, 12 Citrus Balevski (1967), Bernini
(McGregor, 1916) ES-CAN, FI, et al. (1995), Bowman
FR, GB, GR- and Bartlett (1978), Bozai
CRE, GR, (1970), Ciampolini and Rota
HR, HU, (1972), Ciglar and Bari¢
IT, IT-SAR, (1998), Delrio et al. (1979),
IT-SIC, MK, Emmanouel and Papadoulis
NL, NO, PL, (1987), Fauna Europaea
PT, RO, SI, (2009), Garcia Mari and de
UA, YU Rivero (1981), Jeppson et al.
(1975), Mijuskovi¢ (1953),
Pande et al. (1989), Petanovié
(1980), Rambier (1958),
Vacante (1983), Vappula
(1965), Vierbergen (1989)
Petrobia (Tetranychina) A |Phytophagous North 1968, GR | GR 1 Lupinus., Hatzinikolis (1970),
lupini (McGregor, America Fragaria, Papaioannou-Souliotis et al.
1950) Poaceae (1993)
Schizotetranychus A |Phytophagous Asia- 2001, FR |FR 12 Bambusaceae |Auger and Migeon (2007),
bambusae Reck, 1941 Temperate Migeon et al. (2004)
Schizotetranychus A |Phytophagous North 1964, PL |PL I Cynodon, Boczek and Kropezynska
parasemus Pritchard & America Poaceae (1964)

Baker, 1955

881
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Family Status Regime Native range | 1st record | Invaded Habitat Hosts References
Species in Europe | countries
Stigmaeopsis celarius A |Phytophagous Asia- 1985, FR |BE, FR, GB, I, X11,X22, |Bambusaceac |Auger and Migeon (2007),
Banks, 1917 Temperate NL X23, X24, X25 Bolland et al. (1998), Ostoja-
Starzewski (2000), Witters et
al. (2003)
Tetranychus canadensis A |Phytophagous North 1954, HU |HU, PL 12 Polyphagous: |Boczek and Kropezynska
(McGregor, 1950) America Rosaceae, (1964), Hetenyi (1954)
Carya, Corylus
Tetranychus evansi A |Phytophagous C&S 1991, PT |ES, ES-BAL, I,J100, X |Solanaceae Castagnoli et al. (2000),
Baker & Pritchard, America ES-CAN, FR, Ferragut and Escudero (1999),
1960 IT, PT, PT- Ferragut et al. (1997), Ferreira
MAD, PT and Carmona (1995), Migeon
(2005), Migeon (2007)
Tetranychus kanzawai A |Phytophagous Asia-Tropical | 1966, GR | BE, GR J100 Saxifragaceae: |Hance et al. 1998,
Kishida, 1927 Hydrangea Hatzinikolis (1968),
Hartzinikolis (1986)
Tetranychus macfarlanei A |Phytophagous Asia-Tropical | 1989, ES- |ES, ES-CAN 1 Musa, Pande et al. (1989)
Baker & Pritchard, CAN Ipomoea, etc
1960
Tetranychus medanieli A |Phytophagous North 1981, FR |FR I Vitis, Acer, Rambier (1982)
McGregor, 1931 America Lonicera,
Fragaria,
Ulmus, etc.
Tetranychus A |Phytophagous Tropical 1989, ES- | ES-CAN I Polyphagous: | Ferragut and Santonja (1989)
neocaledonicus André, CAN Citrus,
1933 Fabaceae
Tetranychus sinbai A |Phytophagous North 1964, PL |PL I Helianthus, | Boczek (1964)
Baker, 1962 America Agropyron,
Prunus
Tetranychus tumidellus A | Phytophagous North 1986, GR | GR I Sambucus, Hatzinikolis (1986)
Pritchard & Baker, America Passiflora,
1955 Solanum
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Family Status Regime Native range | 1st record Invaded Habitat Hosts References
Species in Europe | countries
Tetranychus yusti A |Phytophagous C&S 1981, GR | GR, GR-CRE 12, X Plumeria, Hatzinikolis (1986)
McGregor, 1955 America Lonicera,
exotic
Fabaceae
Varroidae
Varroa destructor A |parasitic/predator | Asia 1964 RS |AL, BG, CZ, ] bee parasite Colin (1982), De Rycke et al.
Anderson & Trueman, DE, DK, EE, (2002), Griffiths and Bowman
2000 ES, FI, FR, (1981), Morse and Goncalves
GB, GR, HU, (1979), Ruttner (1983),
IE, IT, I'T- Ruttner and Marx (1984)
SAR, IT-SIC,
MT, PL, PT,
RO, RS, RU,
SI, SK

06T

(0102) Z6T-6¥1 (I)F ysrrorg / v 12 svlvavpy viwpy



Table 7.4.2. List and characteristics of the mite species alien 77z Europe. Country codes abbreviations refer to ISO 3166 (see Appendix I). Habitat abbreviations

refer to EUNIS (see Appendix IT).

Family Regime Native range | 1st record | Invaded countries | Habitat* Hosts References
Species in Europe
Argasidae
Argas reflexus parasitic/ Europe 19, DE | AT, BE, BG,CH, |]J Rat Dautel and Kahl (1999)
(Fabricius, 1794) predator CZ, DE, DK, ES,
FR, GB, GR, IT,
PL, RO, RU, UA
Eriophyidae
Aceria alpestris Phytophagous | Alps 1952, CZ | AT, CZ, IT, RS F2 Rododendron | Petanovié and Stankovi¢ (1999)
(Nalepa,1892) ferrugineum
Aceria loewi Phytophagous | Mediterranean | 1901, RO | AT, BG, CZ, CY, |I2,X11 Syringa Fauna Europaea (2009)
(Nalepa, 1890) East DE, FR, HU, IT,
LT, LV, PL,GB
Aculus hippocastani Phytophagous | Mediterranean | 1907, CZ | BG, CZ,IT, RO, |G1,G4, Aesculus Fauna Italia
(Fockeu, 1890) East FR X11
Eriophyes canestrinii Phytophagous | Mediterranean | 1998, RS | AT, BG, CZ, DE, |X11,X24 | Buxus Petanovié (1998)
(Nalepa, 1891) region HU, IS, PL sempervirens
Glycyphagidae
Glycyphagus domesticus | detrivorous Europe Unknown | DK, FO, IT, NO, |J1,]2 Houes dust | Bigliocchi and Maroli (1995), Hughes
(De Geer, 1778) PL, SE (1976), Musken et al. (2000), Piotrowski
(1990), Razowski (1997), Thind and
Clarke (2001)
Ixodidae
Hyalomma scupense parasitic/ Europe Unknown | AL, BG, ES, ES-  |] Cattle Morel et al. (1977)
Delpy 1946 predator CAN, FR, GR,
HR, IT, I'T-SAR,
IT-SIC, MK, RU,
RS, YU
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Family Regime Native range | 1st record | Invaded countries | Habitat* Hosts References
Species in Europe
Rhipicephalus sanguineus | parasitic/ Mediterranean | Unknown | BE, CH, CZ, DE, |] Dogs Cem)'l (1985), Fauna Europaea (2009),
(Latreille 1806) predator region DK, GB, IE, NL, Garben et al. (1980), Sibomana et al.
NO, PL (1986)
Phytoptidae
Trisetacus laricis Phytophagous | Alps 1912 BA,DE, GB, HR, |12 Larix Fauna Europaea (2009)
\(Tubeuf 1897) SI
Phytoseiidae
Amblyseius (Iphesius) parasitic/ Mediterranean | 1993, CZ | CZ, GB, GR, I Predator of | Albajes et al. (1?99), Bartlett (1992),
degenerans predator ITPT Tetranychus | EPPO (2002), Sefrovd and Lastivka

(Berlese 1889)

(2005), Sengonca et al. (2004), van
Houten and van Stratum (1993), van
Houten and van Stratum (1995)
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Abstract

A total of 19 alien longhorn beetle species have established in Europe where they presently account
for ca. 2.8 % of the total cerambycid fauna. Most species belong to the subfamilies Cerambycinae and
Laminae which are prevalent in the native fauna as well. The alien species mainly established during the
period 1975-1999, arriving predominantly from Asia. France, Spain and Italy are by far the most invaded
countries. All species have been introduced accidentally. Wood-derived products such as wood- packaging
material and palettes, plants for planting, and bonsais constitute invasive pathways of increasing impor-
tance. However, only few species have yet colonized natural habitats outside parks and gardens. Present
ecological and economical impacts, and future trends are discussed.

Keywords
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8.1.1 Introduction

The coleopteran family Cerambycidae (longhorn beetles) is currently classified in the
superfamily Chrysomeloidea, along with the families Vesperidae and Distenidae (Hunt
etal. 2007, Szeoke and Hegyi 2002). Cerambycidae is a large family comprising about
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40000 described species worldwide. Longhorn beetles are all phytophagous. Larvae
may be found in conifer, deciduous and fruit trees, in bushes and herbaceous plants.
They are mainly xylophagous borers of living, decaying or dead wood. Some species
also bore small twigs, roots or fruit endocarps. They usually have a long period of lar-
val development, some species being capable of developing in woody material a long
time after the death of the tree. They are thus very susceptible to transport with wood
products, facilitating their introduction and establishment.

The oldest known introduction of a longhorn beetle from one continent to anoth-
er was probably that of the house borer, Hylotrupes bajulus (L., 1758), which was first
described by Linnaeus from both Europe and ‘America septentrionali’ (von Linnaeus
1758). Since a study by Dufly in 1953 (Dufly 1953a) for Great Britain, there has been
no further large synthesis of the alien cerambycid species introduced to Europe. Since
1999, the development of research interests in the Asian longhorn beetles, Anoplophora
spp.> in North America has raised awareness of the risks presented by cerambycid im-
portation and provided a baseline for subsequent studies (Haack et al. 2000, Haack
etal. 2010). There is an urgent need for a comprehensive literature review of the alien
cerambycids that have successfully established in Europe.

The exponential growth in the volume of international trade in both horticulture
and forestry has allowed an increasing number of wood products and ornamental plants
potentially containing cerambycids to arrive in Europe. More than 250 species have
been introduced to Europe or moved within Europe since the middle of the 18" cen-
tury (Cocquempot 2007) but most of them never established. We have identified 19
species alien 70 Europe that have established in Europe but have not yet been eradicated.

8.1.2 Taxonomy of the Cerambycid species alien to Europe

Taxonomy in Cerambycidae sensu lato is not well established (e.g., Hunt et al. 2007,
Lawrence and Newton 1995, Napp 1994, Ozdikmen 2008, Sykorova 2008) but a gen-
eral consensus exists about the presence in Europe of 7 subfamilies, namely Ceramby-
cinae, Lamiinae, Lepturinae, Necydalinae, Prioninae, Spondylidinae, and Vesperinae
(the latter being sometimes considered as a valid family). A total of 677 native species
are known to occur in Europe (Althoff and Danilevsky 1997, Fauna Europaea), being
largely dominated by 3 subfamilies (Lamiinae- 343 spp.; Cerambycinae- 158 spp.;
Lepturinae- 130 spp.) which account for 93.2% of the total.

The 19 alien species established in Europe belong to only 3 of these subfamilies,
Cerambycinae, Laminae and Prioninae (Table 8.1.1). The alien species are mostly rep-
resented by the subfamily Cerambycinae, followed by Lamiinae but the relative propor-
tion of aliens compared to the total cerambycid fauna is still limited (<6%) in these two
subfamilies. By contrast, the proportion of aliens is much more important in Prioninae
with 2 species adding to 10 native ones (Fig. 8.1.1.). In addition, Parandrinae, a sub-
family which is not represented in the native European entomofauna, is represented by
Parandra brunnea, a North American species introduced in Germany (Niissler 1961).
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Figure 8.1.1. Relative importance of the subfamilies of Cerambycidae in the alien and native entomo-
fauna in Europe. Subfamilies are presented in a decreasing order based on the number of alien species.
Species alien 7o Europe include cryptogenic species. The number over each bar indicates the number of
species observed per family.

Two more alien species have been introduced and established in Israel, Barocera
rufomaculata (DeGeer, 1775) (Bytinski-Salz 1956, Chikatunov et al. 1999, Sama et
al. 2010) and Xystrocera globosa (Olivier, 1795) (Chikatunov et al. 2006, Sama et al.
2010), but they have not yet spread to Europe and were not considered in Table 8.1.1.

Table 8.1.2 gives a list of species of European origin introduced through human
activity in another part of Europe (aliens 77 Europe). These species are mostly of Medi-
terranean origin introduced in more northern areas and species from Continental Eu-
rope introduced to the Atlantic islands.

8.1.3 Major biological characteristics of the cerambycid species alien to
Europe

Lepturinae but also Prioninae and Parandrinae share some biological characteristics
that reduce their probability of introduction. Larvae in these subfamilies develop in
decaying wood and are rarely imported with wood products or living plants. Intercep-
tions have shown that they are mainly introduced through accidental importation in
industrial packages or in stocks of perishable vegetables. Only a few species of Lepturi-
nae (Tribe Rhagiini, and some Lepturinii) developing on recently felled trees are likely
to be successfully introduced through the wood trade. The importation of living potted
plants is also a potential new pathway for Prioninae.

Cerambycinae and Lamiinae seem more predisposed to introduction. Most species
develope in living plants and several Cerambycinae undertake their entire life-cycle
in dead wood, e.g. the cosmopolitan tribe Hesperophanini and the species Hylotrupes
bajulus and Gracilia minuta. Thus, Cerambycinae and Lamiinae can easily survive
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throughout the importation process of living plants including bonsai (e.g. Anoplo-
phora chinensis (Cocquempot 2007, EPPO 2006, van Rossem et al. 1981, Schmidt
and Schmidt 1990)), recently felled logs and other non-aged wood products (e.g. Ano-
plophora glabripennis (Cocquempot et al. 2003, Haack et al. 2000), Monochamus spp.
(Cocquempot 2007, Cocquempot (Unpubl.), Dufly 1953a), Chlorophorus annularis
(Cocquempot 2007) and Phoracantha spp. (Cocquempot and Debreuil 2006)). Spe-
cies in the genera Hesperophanes, Trichoferus, and Stromatium can emerge from wood
products even several years after importation (Duffy 1953a).

Once a population is introduced, the capability for natural dispersal constitutes an
important factor for establishment success. Although our knowledge about the disper-
sal behaviour of alien longhorn beetles is still rather limited and mostly concerns only
a few species of recent invaders such as Anoplophora glabripennis (Smith et aol. 2001)
and A. chinensis (Adachi 1990, Komazaki and Sakagami 1989), this variable is impor-
tant when designing an eradication attempt (MacLeod et al. 2002).

8.1.4 Temporal trends of introduction in Europe of alien Cerambycids

Figure 8.1.2 presents the temporal changes in the records of Cerambycid species alien
to Europe from 1492 to 2007. Cerambycids have tracked trade routes since the begin-
ning of overseas communications. The first species to have moved are those which live
in dry wood and undergo a long stage of larval development. These species have be-
come cosmopolitan (e.g. Hylotrupes bajulus) or nearly so (e.g. Stromatium spp.). With
the increased speed of international transport from 1850 to 1925, species with shorter
life cycles were able to reach Europe alive and become established, e.g. Neoclytus acu-
minatus (Reineck 1919, Sama 2002, Tassi 1969). Later, only two species were intro-
duced from North America to Europe via the US effort to supply extra furniture and
increase military material after the 1 World War (i.e., Parandra brunnea, Neoclytus
acuminatus). Subsequently, 50 years passed until a second wave of introduction ar-
rived alongside with the rapid development of international exchange of goods and
transportation after the 2" World War. During the recent period, two further species
have been detected in the wild - Anoplophora chinensis in 2000 in Italy (Colombo and
Limonta 2001) and A. glabripennis in 2001 in Austria (Dauber and Mitter 2001).
The number of interceptions of Cerambycids is still increasing throughout Eu-
rope. However, more effective control at borders is like to have reduced establishments
following interception or introductions. The importation of exotic plants also offers
opportunities for introduction but also constraints the establishment of some alien
species. For example, Phoracantha spp. could not have been introduced without the
importation and mass cultivation of its host plants, Eucalyptus spp. in the Mediter-
ranean basin. In south-eastern France, an Australian cerambycid, Bardistus cibarius
(Newman, 1841) could survive only on its original host plant, an introduced grass tree
(Xanthorrhoea sp., Xanthorrhoeaceae); the beetle population disappeared immediately
after the infested host plants were removed (Cocquempot 2007). The case of Batocera
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Figure 8.1.2. Temporal changes in the mean number of new records per year of Cerambycid species
alien #o Europe from 1492 to 2007. The number over each bar indicates the absolute number of species

newly recorded per time period.

rufomaculata (DeGeer, 1775) found in Munster’s Zoo (Germany) is similar (Coc-
quempot 2007) although this tropical species has established in Israel since at least
1948 (Bahillo de la Puebla and Iturrondobeitia-Bilbao 1995, Plavilstshtikov 1934,
Sama et al. 2010). The combination of importation of longhorn beetle species with
their specific host plant or groups of plants followed by establishment is rare. However
the establishment of A. chinensis is an exception. Other species are frequent intercepted
at border controls, e.g. Mimectatina meridiana (Matsushita, 1933) with Cycas fruits
from Japan (Cocquempot 2007) or Trichoferus campestris (Faldermann 1835) with Sa-
lix timber from China (Cocquempot 2007).

The degree of polyphagy is also an important factor in the likelihood of establish-
ment. Polyphagous species appear to have a higher potential to establish than oligopha-
gous and monophagous species. The large number of hosts utilised by Anoplophora spp.
(Cocquempot et al. 2003, Hérard and Roques 2009, Maspero et al. 2007a) is a main
factor in the difficulty in eradicating this species for example. These difficulties appear
much less important for oligophagous species such as Callidiellum rufipenne (Bahillo
and Iturrondobeitia-Bilbao 1995, Campadelli and Sama 1988, Plavilstshtikov 1934)
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or Phoracanthine species. It is also the case for the North American wood borer Saperda
candida (Fabricius, 1787), which was introduced in Germany in 2008 but apparently
did not established yet (EPPO 2008, Nolte Krieger 2008). By contrast, Monochamus
species have a regime close to polyphagy, including a large number of conifer species,
and may spread throughout Europe. There is no example of establishment in Europe
of a strictly monophagous exotic long-horned beetle. Species with a limited host range
do not seem to be capable of going beyond the interception or introduction stage, e.g.
Bardistus cibarius (Cocquempot 2007).

8.1.5 Biogeographic patterns of the cerambycid species alien to Europe

Alien species established in Europe mostly originated from Asia, followed by Africa
(Figure 8.1.3). The region of origin appears to depend on the major trade routes de-
veloped by each country. Some North African species have colonized Mediterranean
countries such as Spain, France, and Malta for example. Other African species have
often been intercepted but only Phryneta leprosa has established in Malta where the
climate is favourable for development (Mifsud and Dandria 2002). Long-established
trade routes between Iberian countries and South American countries have resulted
in some historic, isolated establishments in the Spanish and Portuguese Atlantic Is-
lands but with a limited risk of further expansion (Lemos-Perreira 1978, Méquignon
1935). With the numerous interceptions in the U.K (Duffy 1953a) together with the
colonial trade routes with African and Asiatic countries, it is surprising that only 77i-
nophylum cribratum has established to date (Gilmour 1948); the incompatible climate
may negate the development of tropical and subtropical species. Two species native to
North America, Parandra brunnea and Neoclytus acuminatus, also colonized Europe at
the beginning of the last century. The first species is well established but restricted to
Dresden (Germany) (Niissler 1961). The second is widely established in the Mediter-
ranean area but its populations appear to be declining (Brustel et al. 2002). Beside
these two species, there have been no further establishments originating from North
America; the pathway of transported material is mainly in the reverse direction, from
Europe to America.

Some Australian species have reached Europe but only those using Eucalyprus (Pho-
racantha spp.) have successfully established (Cocquempot and Sama 2004) and only in
areas newly planted with these fast-growing tree species. The large differences in spe-
cies composition between the floras of Australia and Europe probably accounts for the
failure of Australasian longhorn beetles such as in Bardistus cibarius on Xanthorrhoea
sp. (Cocquempot 2007) to establish.

Recent increases in commercial traffic from Asia (especially China) to Europe has
accounted for the introduction of a number of new species of cerambycids. Striking
examples are Callidiellum rufipenne which has recently established in Spain (Bahillo de
la Puebla and Iturrondobeitia-Bilbao 1995) and Italy (Campadelli and Sama 1988),
Anoplophora glabripennis and A. chinensis which can be considered as established or
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Figure 8.1.3. Origin of the Cerambycidae species alien 70 Europe

not eradicated in several countries (Hérard and Roques 2009, Maspero et al. 2007a),
Psacothea hilaris (Pascoe, 1857) under eradication in Italy (Cocquempot 2007, Jucker
et al. 2006), and Monochamus alternatus Hope, 1842 intercepted a number of times in
Germany (Cocquempot 2007) and France (Cocquempot Unpubl.) but not yet estab-
lished. A final case, Xylotrechus stebbingi, is less clear. It is believed that an initial intro-
duction from its native area of central Asia to Asia Minor was followed by a step-wise
expansion into southern Europe and North Africa (Cocquempot and Debreuil 2006,
Sama 2002, Sefrov4 and Lastiivka 2005).

Alien cerambycid species are not evenly distributed throughout Europe. Large dif-
ferences in the number of aliens are apparent between countries, France, Italy and
Spain being by far the most invaded (Figure 8.1.4).

8.1.6 Main pathways of introduction to Europe of alien cerambycid spe-
cies

All alien longhorn beetles established in Europe have been introduced accidentally;
there are no examples of a successful, deliberate introduction. The principal pathways
of arrival have been identified and presented by Frank 2002 and each relates to the
import of immature stages that subsequently emerge as adults. There are relatively few
records of living adults imported with vegetables or fruits although Eucalyptus beetles,
Phoracantha recurva, were found in a cluster of bananas (Bosmans 2006).

The longest established pathway is timber importation for house construction (Hy-
lotrupes bajulus) or building furniture (e.g. Trichoferus spp., Stromatium spp. and Chlo-
rophorus annularis arriving with bamboo- made objects (Cocquempot 2007)). Species
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Figure 8.1.4. Comparative colonization of continental European countries and islands by Cerambycidae
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introduced through this pathway have traditionally required a long life cycle but more
rapid travel now enables the introduction of species with a one year life cycle. The
second pathway is via the importation of timber for pulp (e.g., for Phoracantha spp.).
A third, more recent, pathway concerns wood packages, palettes and other wood-de-
rived products (e.g., for Anoplophora glabripennis) (Hérard and Roques 2009). The
final pathway is the importation of plants for planting in nurseries, including the bon-
sai industry, which has resulted in the arrival of species such as Anopolophra chinensis
(Cocquempot 2007, EPPO 2006, van Rossem et al. 1981, Schembri and Sama 1986),
Callidiellum rufipenne and Bardistus cibarius.

All pathways are still prevalent but they vary in importance. Most recent inter-
ceptions (from the end of the 20" Century) have related to wood-manufactured
products (e.g. Chlorophorus annularis and Trichoferus campestris). Importation of Eu-
calyptus wood for pulp has also resulted in the introduction of a second species of
Phoracantha, P. recurva (Miquel 2008). If such importations continues a number of
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additional species of this genus, which are mainly related to Eucalyptus (Wang 1995),
are expected to arrive.

Since their first usage, wood packaging and palettes have constituted an impor-
tant introduction pathway. The source material spends sufficient time as logs without
sanitary controls to be colonized by longhorn beetles. When the wood is turned into
packages or palettes, infestation occurs mainly as unnoticed early stages (eggs or first-
instar larva). Development continues in the woody material during importation and
emergence of adults occurs often unnoticed in warehouses, weeks or months after ar-
rival. This is the case for A. glabripennis, P hilaris and M. alternatus which may already
complete their entire lifecycle before the source wood is processed or destroyed. Wood
package is often produced using low quality timber often colonized by longhorn beetle
species, which is increasing its potential as a vector.

Other, less significant, introduction pathways have also been identified, yet they
typically only transported one or a few individuals which fail to establish. The intro-
duction route is unknown for other species such as Acanthoderes jaspidens (Méqui-
gnon 1935), Oxymerus aculeatus (Alluaud 1935), Deroplia albida, and Phryneta leprosa
(Mifsud and Dandria 2002) but they may be related to the uncontrolled importation
of wild plants. Natural range expansion cannot be ruled out for a few species which
have a nearby native range, e.g. Lucasianus levaillantii (Mayet 1905, Pellegrin and
Cocquempot 2001) and Xylotrechus stebbingi (Sefrova and Lastivka 2005) originating
from North Africa and the Middle East, respectively.

8.1.7 Ecosystems and habitats invaded in Europe by alien cerambycid
species

Although all natural or artificial terrestrial ecosystems and anthropogenic areas which
contain trees, bushes or wood products are potentially occupied by alien longhorn bee-
tles, establishment in Europe is concentrated in man-made habitats to date, especially in
parks and gardens (Figure 8.1.5). To date, only the two clytine beetles, Neoclyrus acumi-
natus and Xylotrechus stebbingi, have colonized natural habitats. X. stebbingi is very com-
mon on Eucalyptus cut wood in Crete (Sama 2002) for example and may be related to the
polyphagous nature of these two species. Other polyphagous species such as Anoplophora
spp- also have the potential to live in urban areas, in cultivated lanes (e.g. planted with
poplars) as well as in natural forests where potential host plants occur. However, disper-
sal from man-made habitats to natural forests appears to be a slow process. For the first
twenty-two years since its arrival in North America, A. glabripennis has been restricted to
trees in urban areas until 2008 when it was found in natural forests dominated by Acer
trees (Haack et al. 2010). Although such a process has not yet been observed in Europe,
there is a strong risk that Anoplophora spp. will spread to naturally-forested landscapes, if
the ongoing eradication attempts in Austria, Germany, France and Italy are unsuccessful.

The expansion of oligophagous species is inevitably more dependant on the pres-
ence of suitable host plants. Those using largely- planted trees can spread more easily.
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Figure 8.1.5. Main European habitats colonized by the established alien longhorn beetles. The number
over each bar indicates the absolute number of alien longhorn beetles recorded per habitat. Note that a

species may have colonized several habitats.

Thus, Phoracantha spp. that live only in eucalypt trees have colonized ornamental tree
plantations in urban areas as well as old plantations such as those found on the Medi-
terranean islands and in neighbouring countries, and industrial plantations created for
paper pulp. Other established species mostly have a distribution restricted to Mediter-
ranean and Atlantic islands. In these areas, anthropogenic ecosystems are mainly colo-
nized. A species of considerable concern with conifer forests is Monochamus alternatus,
which could potentially become established in coniferous plantations and forests and
subsequently transfer the pine wood nematode (Bursaphelenchus xylophilus Steiner &
Buhrer, 1934).

8.1.8 Ecological and economic impact of alien cerambycid species

Although there is concern about the potential ecological impact of the invasive long-
horn beetles V. acuminatus and X. stebbingi, there is no measure of their impact on
trees or any estimation of possible competitive displacement of the native fauna.
The ecological impact of Anoplophora species may also be important if they establish
in European forests. Anoplophora could compete with other arthropods occupying
the same niche, but they also create niches for other arthropods that live in tunnels
in decaying wood or compete with other saproxylic beetles. The joint introduction
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and establishment of the Citrus longhorn beetle, A. chinensis, and its parasitoid,
Aprostocetus anoplophorae Delvare, 2004, exemplifies the potential risk of adaptation
of imported parasitoids which themselves might not specialise on the native fauna
(Delvare et al. 2004).

Although the ecological niche occupied by an alien species may be vacant there
remains a risk of secondary infection resulting from their damage. For example, sec-
ondary infestation by the pine wood nematode vectored by Monochamus spp. (Evans
et al. 2008, Kawai Miho et al. 2006) may cause serious impacts to coniferous trees
in all landscapes. M. alternatus has only been intercepted in Germany and France
(Cocquempot 2007, Cocquempot (Unpubl.)); yet the pine wood nematode which
it vectors was recorded from Portugal in 1999 (Mota et al. 1999). After having been
contained for several years in a limited area, the nematode has spread throughout Por-
tugal, as well as being eradicated following incursions into Spain in 2008 and Madeira
in 2009. A novel association with the native species, M. galloprovincialis (Villiers 1967)
has also been reported. The expansion as well as new introductions of the pine wood
nematode could potentially have a substantial level of economic impact in all areas of
coniferous cultivation in Europe.

Other economic impacts are mainly associated with ornamental trees in urban
areas, cultivated trees such as poplars and eucalypts and nurseries, including these
for bonsai production. Studies of Anoplophora glabripennis in North America and A.
chinensis in China indicate the possible scale of economic damage following estab-
lishment of these species in a new country or in a plantation, especially of poplar or
Citrus trees (Cocquempot et al. 2003, Haack et al. 2010, MacLeod et al. 2002). As
a control measure, ornamental trees colonized by invasive longhorns must be elimi-
nated without consideration of their aesthetic value. Eradication measures entail
high costs to be borne by local communities or private owners. Special attention is
paid to A. chinensis necessitating complete removal of trees, including the rootstock
(Haack et al. 2010).

Poplars or eucalypt plantations can be highly affected as has already been the case
in China (A. glabripennis on poplars) and in Spain (Phoracantha spp.), where infested
trees become unsuitable for pulp and wood exploitation. The Citrus longhorn beetle
is also considered as an important risk for all Citrus fruit production in the Mediter-
ranean area and its islands.

The nursery industry is already concerned. There are several examples of introduc-
tions or establishments of potentially invasive species such as Callidiellum rufipenne
and Anoplophora chinensis, with the imports of nursery plants. Nurseries can them-
selves be vectors of aliens when they dispatch their products.

The eradication process established for quarantine species aims to limit introduc-
tions although only a few eradications have been officially reported in Europe, e.g. as
for Anoplophora chinensis in France (Hérard et al. 2006, Hérard and Roques 2009).
Phytosanitary interceptions at borders are likely to have prevented a number of intro-
ductions and further establishments (e.g., Monochamus alternatus, Trichoferus campes-
tris in France, Anoplophora glabripennis and A. chinenis in several countries) (Cocquem-
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Figure 8.1.6. Adults of some alien longhorn beetle species. @ Phoracantha semipunctata b Phoracantha
recurva € Mimectatina meridiana (Credit: Christian Cocquempot) d Xylotrechus stebbingi (Credit: Vitéslav
Maridk) e Bardistes cibarius (Credit: Christian Cocquempot) f Psacothea hilaris § Parandra brunnea (a, b,
e, £, g: Credit: Henri-Pierre Aberlenc).

pot 2007) whilst at the same time, several non-quarantine species not submitted to
importation controls have become established (e.g., Xylotrechus stebbingi, Phoracantha
semipunctata, Neoclytus acuminatus). This illustrates the importance of quarantine spe-
cies lists, which should be preventive and not only curative to be most effective.

Human-mediated dispersal should also be tightly controlled during the eradica-
tion process. Without due respect for control obligations, eradication can fail. For
example, the long delay by Italian authorities in applying control measures and strong
management measures against Anoplophora chinensis (EPPO 2009, Jucker et al. 2007)
or inadvertent movement of untreated wood material for A. glabripennis in New-York
(Haack et al. 1997) are examples of ineffective eradication efficacy.
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8.1.9 Expected trends

The combination of increasing volumes of trade, the increased speed of import of
potential vectors, the diversity of sources and sites for introduction is likely to result
in increasing invasion risk (Cocquempot 2007). All recently established species alien
to Europe have been intercepted too late after their introduction and have been out-
side official institutional controls. These factors make it increasingly difficult for rapid
eradication after initial arrival. Effective monitoring of each point of possible entry is
unfeasible when the key pathways identified here have different vectors and locations
of arrival (e.g. airports, harbours, stations, lorry parks), and there are major differ-
ence in the quality of phytosanitary controls between European countries, particularly
following the enlargement of the EU. The risk depends on volume and diversity of
vector material imported, and subsequently there is greatest risk in countries such as
the UK, France, Spain, Italy, Netherlands, Belgium and Germany. The case of Anopolo-
phora glabripennis in North America and Europe clearly demonstrates the possibility of
spread in our continent; such detailed assessment is required for all potentially invasive
longhorn beetles (MacLeod et al. 2002).

According to Worner (2002), progress in the knowledge of invasion processes and
associated preventive measures have not been followed by actions since the late 1980s.
Preventive methods are still routinely applied, e.g. the application of ISPM 15 (Interna-
tional Standard for Phytosanitary Measures No.15), which set standards for heat treat-
ment and fumigation of wood product materials used in international trade is likely to
limit the arrival of longhorn beetles related to these materials although a few have been
found to survive (Haack et al. 2010). However, this method is not uniformly applied
to all imported living trees, shrubs plants for planting or bonsais. Thus, a high number
of imported bonsais or other nursery trees infested with Anoplophora chinensis are still
discovered (Hérard and Roques 2009). Although importation controls could be im-
proved, they will never offer full protection. Further, controls which reduce the risk of
introduction are mainly restricted to quarantine species. Post-interception or controls
at importation points should be extended to all the potential pests posing risk and not
be restricted to quarantine species already intercepted, introduced or established.
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Table 8.1.1. List and characteristics of the Cerambycidae species alien to Europe. Status: A: Alien to Europe; C: cryptogenic species. Country codes abbreviations
refer to ISO 3166 (see appendix I). Habitat abbreviations refer to EUNIS (see appendix II).

Family Status | Regime | Native range | 1st record in Invaded Habitat Hosts References

Species Europe countries

Acanthoderes jaspidea A | phyto- Brazil 1880, PT-AZO | PT-AZO 12 Acacia, Borges et al. 2005,

Germar, 1824 phagous Albizzia Méquignon 1935, Serrano

1982

Acrocinus longimanus A | phyto- Brazil 1977, PT PT, PI-MAD |12 Moraceae, Lemos-Perreira 1978 , Vives

(Linnaeus, 1758) phagous Apocynaceae | 1995

Anoplophora chinensis A |phyto- China South- 2000, IT IT, NL FB, FA, Acer, Betula, | Cocquempot 2007, Colombo

(Forster, 1848) (=A. phagous | Central 12, G Carpinus and Limonta

malasiaca Thompson, 1865) Citrus, Corylus, | 2001, 2009a, EPPO 2009b,
Rosa and Evans et al. 2008, Hérard et
deciduous al. 2006
shrubs
(polyphagous)

Anoplophora glabripennis A |phyto- China South- 2001, AT AT, DE, FR, |FB,FA,1 |Acer, Aesculus, |Carter etal. 2009,

(Motschulsky, 1853) phagous | Central IT Betula, Cocquempot 2007,
Carpinus, Cocquempot et al. 2003,
Fagus, Populus, | Dauber and Mitter 2001,
Salix EPPO 2004, Hérard et al.

2006, 2009

Callidiellum rufipenne A | phyto- Eastern Asia, | 1906, FR ES, FR, IT FA, FB, Cupressaceae | Bahillo and Iturrondobeitia

(Motschulsky, 1860) phagous  |Japan G1, G5, J4 | (Cupressus 1995, Campadelli and Sama
macrocarpa) 1988, Cocquempot 2007

Chlorophorus annularis A | phyto- Asia- 1991, ES ES G Bamboo Vives 1995

(Fabricius, 1787) phagous | Temperate

Cyrthognathus forficatus A | phyto- Africa 1872, MT MT 6] Unknown Bertolini 1872

(Fabricius, 1792) phagous

Derolus mauritanicus A |phyto- Northern 1884, FR ES? FR? E7, F5, Nerium Brustel et al. 2002, Fauvel

Buquet, 1840 phagous | Africa F8, FB, 12, | oleander 1884, Mendizabal 1944,

X11 Verdugo 2004

y1c
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Family Status | Regime | Native range | 1st record in Invaded Habitat Hosts References

Species Europe countries

Deroplia albida (Brullé, A |phyto- Canary 1988, ES ES E7, F6, Pelargonium Vives 1995

1838) phagous | Islands FB, G5

Lucasianus levaillantii A | phyto- Northern 1905, FR ES, FR, PT FA, G, FB | Cupressus Brustel et al. 2002,

(Lucas, 1846) phagous | Africa Cocquempot et al. 2007,
Mayet 1905, Pellegrin and
Cocquempot 2001, Plaza
Lama 1990, Vives 1995

Neoclytus acuminatus A | phyto- South- 1908, IT CH, CZ, DE, |FB, G, G1, | Ulmus, Bijaoui 1980, Brustel et

(Fabricius, 1775) phagous Central FR, HR, HU, |G5, 12, Fraxinus, al. 2002, Cocquempot

U.S.A. IT, ME, PT- X11 Juglans 2007, Heyrovsky 1951, Ili¢
MAD, RS, SI 2005, Picard 1937, Pil and

Stojanovi¢ 2005, Reineck
1919, Sama 1984, Tassi 1969,
Villiers 1979, Winkler 1932,
Wittenberg 2005

Oxymerus aculeatus lebasi C | phyto- Unknown Unknown ES-CAN U Calophyllum | Alluaud 1935

Dupont, 1838 phagous

Parandra brunnea (Fabricius, | A | phyto- North 1916, DE DE G, J1 Tilia, Populus, |Grimer 1961, Niissler 1961

1789) phagous | America deciduous

trees
Phoracantha recurva A |phyto- Australia 1992, IT ES, GR, IL, IT, |G1 Eucalyptus Bercedo and Bahillo 1998,
Newman, 1840 phagous IT-SAR, I'T- Bercedo and Bahillo 1999,
SIC, MT, PT Cerny 2002, Cocquempot

2007, Cocquempot and Sama
2004, Friedman et al. 2008,
Mazzeo and Siscaro 2007,
Mifsud 2002, Miquel 2008,
Orousset 2000, Palmeri and
Campolo 2006, Pérez Moreno
2001, Ruiz and Barranco 1998,
Sama and Bocchini 2003,
Sama et al. 2010, Wang 1995

I's mdm[g '(avp_za/fqmmgg ‘majdoz]a:) ) 5311229 u,mqguo']
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Family Status | Regime | Native range | 1st record in Invaded Habitat Hosts References
Species Europe countries
Phoracantha semipunctata A |phyto- Australia 1948, IL CY, FR, FR- FB, G, G1, | Eucalyptus Berger 1992, Brustel et
(Fabricius, 1775) phagous COR, ES, G5, 12, al. 2002, Cadahia 1980,
ES-CAN, GR, [X11 Cavalcaselle 1983, Cern)'r
IL, IT, I'T-SAR, 2002, Cocquempot
IT-SIC, MT, 1993, Cocquempot 2007,
PT, PT-MAD Cocquempot and Sama 2004,
Mifsud and Booth 1997,
Orousset 1984, Orousset
1991, Sama et al. 2010,
Teunissen 2002, Vives 1995,
Wang 1995
Phryneta leprosa (Fabricius, A | phyto- South 1997, FR FR, MT G Morus nigra Mifsud and Dandria 2002,
1775) phagous | Tropical Vincent 2007
Africa
Taeniotes cayennensis A | phyto- Central 1858, PT PT-AZO 8] Tropical trees | Sama 2006a
Thomson, 1859 phagous America
Trinophylum cribratum A |phyto- India Unknown GB 12 Deciduous Duffy 1953b, Gilmour 1948
(Bates, 1878) phagous trees, Larix,
Pinus
(polyphagous)
Xylotrechus stebbingi Gahan, A |phyto- Central Asia 1990, IT CH, CY, FB, G, G1, | Alnus, Ficus, | Cocquempot 2007,
1906 phagous DE, FR, GR, |G5,12, Morus, Populus | Cocquempot and Debreuil
GR-CRE, X11 2006, Dioli and Vigano 1990,
GR-NEG, GR- Kahler 2000, Sama 2006b,
SEG, IL, IT, Sama et al. 2010, Sefrovd and
IT-SAR Lastiivka 2005, Tomiczek

and Hoyer-Tomiczek 2008,
Wittenberg 2005
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Table 8.1.2. List and characteristics of the Cerambycidae species alien iz Europe. Country codes abbreviations refer to ISO 3166 (see appendix I). Habitat abbre-

viations refer to EUNIS (see appendix II).

Family Regime Native range |Invaded Habitat |Hosts References
species countries
Arbopalus rusticus phytophagous Continental |PT-AZO, PT- G3 Pinus, Picea, Abies, Larix|Fauvel 1897, Picard 1937, Serrano
(Linnaeus, 1758) Europe MAD 1982
Aromia moschata phytophagous Continental |PT-AZO 2 Salix, Populus, Alnus Borges et al. 2005
(Linné, 1758) Europe
Cerambyx carinatus phytophagous Balkans MT G Prunus Sama and Cocquempot 1986
Kiister, 1846
Cerambyx nodulosus phytophagous Balkans MT G Pyrus, Malus Fauvel 1897, Schembri and Sama
Germar, 1817 1986
Clytus arietis phytophagous Continental |PT-MAD E5, G, |Deciduous trees Picard 1937, Wollaston 1854
(Linné, 1758) Europe G1, G5 |(polyphagous)
Gracilia minuta phytophagous Southern AT, CH, , ES- | F3, G, G5 |Deciduous trees Borges et al. 2005, Bytinski-Salz 1956,
(Fabricius, 1781) Europe CAN, IE, LV, (polyphagous Lucht 1987, Speight 1988, Wollaston
LT, PT-AZO, 1863
PT-MAD

Icosium tomentosum atticum | phytophagous Southeastern |FR G3 Cupressaceae Cocquempot et al. 2007, Pellegrin
Ganglbauer, 1881 Europe 1990
Monochamus galloprovincialis | phytophagous Southwestern | NL G3 Pinus De Fluiter 1950
(Olivier, 1795) Europe
Monochamus sartor phytophagous Northern BE, ,NL G3 Picea Fauvel 1884, Wiel 1956, Lucht 1987
(Fabricius, 1787) Europe, Alps
Monochamus sutor phytophagous Central and |BE, PT G3 Picea, Pinus Speight 1988, Weyers 1876
(Linnaeus, 1758) Northern

Europe
Morimus asper fiunereus phytophagous Southeastern |CZ, MT G Deciduous trees Schembri and Sama 1986, Sefrov4 and
Mulsant, 1863 Europe (polyphagous Lastavka 2005

I's mdm[g '(avp_za/fqmmgg ‘majdoz]a:) ) 5311229 u,mqguo']
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Family Regime Native range |Invaded Habitat | Hosts References
species countries
Nathrius brevipennis phytophagous Southwestern | AT, BE, CH, F3 Deciduous and conifer | Adlbauer 2006, Borges et al. 2005,
(Mulsant, 1839) Europe CZ, DE, GB, trees (polyphagous) Dufly 1953a, Heyrovsky 1930,
IE, LU, LV, Korcynski 1985, Lucht 1987, Sliwinski
PL, PT-AZO 1958, Speight 1988, Weidner 1973,
Weyers 1875

Phymatodes testaceus phytophagous Continental |PT-AZO G Deciduous and fruit Fauvel 1897, Picard 1937, Wollaston
(Linné, 1758) Europe trees, preferably on 1854

Quercus
Poecilium lividum phytophagous Southeastern |BE, CH, CZ, G,J1 Quercus, Castanea Lucht 1987, Heyrovsky and Sldma
(Rossi, 1794) Europe DE, LU, NL 1992, Horion 1974, Sefrov4 and

Lastavka 2005, Wittenberg 2005

Rhagium inquisitor phytophagous Continental |IE G3 Conifers (Pinus, Picea, |Speight 1988
(Linné, 1758) Europe Abies, Larix); deciduous

trees (Betula, Fagus,

Quercus)
Rosalia alpina (Linné, 1758) | phytophagous Central MT G, 12, J1 | Fagus, and other Horion 1974, Schembri and Sama

Europe, Alps deciduous trees 1986

Stictoleptura rubra phytophagous Central PT-AZO G3 Conifers (Pinus, Picea, |Borges etal. 2005
(Linné, 1758) Europe Abies, Larix)
Stromatium unicolor phytophagous Southeastern |PT-MAD G Deciduous trees Fauvel 1897, Picard 1937
(Olivier, 1795) Europe (mostly) and conifers

(polyphagous)
Trichoferus fasciculatus phytophagous Southeastern | CH, PT-MAD G Deciduous trees Allenspach 1973, Picard 1937
(Faldermann, 1837) Europe (polyphagous)
Trichoferus griseus phytophagous Southeastern |CZ G Ficus, Pistacia, Rosa Sefrovd and Lastivka 2005
(Fabricius, 1792) Europe
Xylotrechus arvicola phytophagous Southeastern | SP-CAN G Deciduous trees Demelt 1974
(Olivier, 1795) Europe (polyphagous)
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Abstract

We record 201 alien curculionoids established in Europe, of which 72 originate from outside Europe.
Aliens to Europe belong to five families, but four-fifths of them are from the Curculionidae. Many families
and subfamilies, including some species-rich ones, have few representatives among alien curculionoids,
whereas some others are over-represented; these latter, Dryophthoridae, Cossoninae and specially Scolyti-
nae, all contain many xylophagous species. The number of new records of alien species increases continu-
ously, with an acceleration during the last decades. Aliens 70 Europe originate from all parts of the world,
but mainly Asia; few alien curculionoids originate from Africa. Italy and France host the largest number
of alien #o Europe. The number of aliens per country decreases eastwards, but is mainly correlated with
importations frequency and, secondarily, with climate. All alien curculionoids have been introduced acci-
dentally via international shipping. Wood and seed borers are specially liable to human-mediated dispersal
due to their protected habitat. Alien curculionoids mainly attack stems, and half of them are xylophagous.
The majority of alien curculionoids live in human-modified habitats, but many species live in forests and
other natural or semi-natural habitats. Several species are pests, among which grain feeders as Sitophilus

spp. are the most damaging.

Copyright D. Sauvard. This is an open access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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8.2.1. Introduction

The superfamily Curculionoidea encompasses the weevils and the bark and ambrosia
beetles; here we will use ,weevils“ to refer to the entire superfamily. It is the most
species-rich beetle clade, with more than 60,000 described species (Oberprieler et al.
2007). Four fifths of all weevils are in the family Curculionidae. Curculionoids are
distributed worldwide, everywhere vegetation is found.

This is a rather homogeneous group, its members being generally easily recogniza-
ble despite various aspects. Adults are primarily characterized by the head being pro-
duced into a rostrum (snout) to which the antennae and mouthparts are attached. The
rostrum is highly variable in size and shape, varying from as long as the body to very
short or absent. Larvae, generally white and C-shaped, are catepillar-like (eruciform),
soft-bodied, with legs being either vestigial or (usually) absent, except in some species
of the primitive family Nemonychidae.

Except for a few rare species, adults and larvae of Curculionoidea are phytopha-
gous. Larvae are mainly endophytic or subterranean. Weevils feed on a large varie-
ty of plants, attacking all parts. Many species are important pests for agriculture or
forestry.

The Macaronesian islands' pose a special problem. While many of their weevils
are only found on single islands or groups of islands and are thus clearly endemic,
other species are shared between island groups, or between Macaronesian islands and
the continental Europe or North Africa. For example, a number of scolytines speciali-
zed to Euphorbia are shared between the Canary Islands and Madeira, or between the
Canary Islands and the Mediterranean and North Africa (Table 8.2.1). Given the dif-
ficulties involved with dispersal by these tiny insects over vast expanses of salt water,
we have chosen to interpret the distributions of non-endemic species as resulting from
recent human transport. We are well aware that rare instances of natural dispersal do
occur, at least on evolutionary time scales: after all, such natural dispersal has resulted
in many instances of well documented species radiations (Emerson 2008, Juan et al.
2000). Because of the inherent uncertainty in distinguishing between recent anthropo-
genic spread and older natural dispersal, we classify nonendemic species of these archi-
pelagos as presumed aliens (they are indicated in tables 8.2.1 & 8.2.2). Without contra-
dictory data, we consider: 1) species known from Europe and found on a Macaronesi-
an island as presumed alien in Europe; 2) species known from Africa (and not from Eu-
rope) and found in Macaronesia as presumed alien to Europe; 3) species from the Cana-
ry Islands which also occur further north on Madeira or the Azores as presumed alien

' We include in our coverage the Macaronesian islands associated with European countries (Madeira, the

Azores, the Canary Islands); we exclude the Cape Verde Islands.
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from the Canary Islands and presumed alien to Europe. Presumed alien are often consi-
dered below separately than others, due to the uncertainty attached to their status and
the geographical and biogeographical differences between Macaronesia and Europe.

We consider that 201 alien curculionoids currently live in Europe, of which 72
species originate outside of Europe (aliens 70 Europe, Table 8.2.1; 20 presumed alien
are included) and 129 species originate from other parts of Europe (aliens 7z Europe,
Table 8.2.2; 60 presumed alien are included)®. Except where otherwise noted, our dis-
cussion of exotic curculionoids only pertains to alien 70 Europe.

8.2.2. Taxonomy and biology

The systematics of the superfamily Curculionoidea have long been controversial, in
part due to the enormous number of taxa involved, in part due to extensive parallel
evolution arising from the similar ecologies of unrelated clades (Alonso-Zarazaga and
Lyal 1999, Oberprieler et al. 2007). We follow here the current classification of Fauna
Europaea (Alonso-Zarazaga 2004), which notably considers the traditional Platypodi-
dae and Scolytidae families as subfamilies of Curculionidae.

About 5,000 native curculionoids live in Europe, distributed among 13 families.
Comparatively, the alien entomofauna is very limited with only 72 established species
recorded at this time (Fig. 8.2.1). These alien species belongs to five families, all of
which have native representatives.

Anthribidae. Principally present in tropical areas, these largely fungus-feeding curcu-
lionoids generally live primarily in fungus-infested wood. There is only one alien species
in Europe, Araecerus coffeae, which is a seed feeder, an exceptional biology in this family.

Apionidae. Characterized in part by their non-geniculate antennae and endophy-
tous larvae, these tiny curculionoids are represented in Europe by three alien species,
all living on alien ornamental Alcea (Malvaceae).

Dryophthoridae. This family contains large weevils mainly living on woody mo-
nocotyledons. Alien dryophthorids consist of woody monocotyledons borers and seed
feeders. They are particularly numerous compared with the world fauna (Fig. 8.2.1)
and especially with respect to the few native species in Europe (8 aliens vs 6 natives,
according to Fauna Europaea (Alonso-Zarazaga 2004)). This situation could be ex-
plained first by the few woody monocotyledons in Europe-native flora in contrast with
the several woody monocotyledons introduced in Europe for ornamental or agricul-
tural purpose. The human-mediated transport of seeds, and consequently seed feeders,
is probably a further explanation.

2 Other aliens have been recorded, but have not been taken into account here because their establish-

ment have not been confirmed. We have also excluded some possible presumed aliens due to the uncer-
tainty about their distribution.
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Figure 8.2.1. Taxonomic overview of Curculionoidea species alien to Europe compared to the native
European fauna and to the world fauna. Right- Relative importance of the Curculionoidae families
and subfamilies in the alien entomofauna is expressed as percentage of species in the family/ subfamily
compared to the total number of alien Curculionidea in Europe. Subfamilies of Curculionidae and other
families of Curculionidea are presented in a decreasing order based on the number of alien species. The
number over each bar indicates the total number of alien species observed per family/ subfamily. Left-
Relative importance of each family/ subfamily in the native European fauna of Curculionidea and in the
world fauna expressed as percentage of species in the family/ subfamily compared to the total number of
Curculionidea in the corresponding area. The number over each bar indicates the total number of species

observed per family/ subfamily in Europe and in the world, respectively

Erirhinidae. Curculionoids of this small family mainly live on herbaceous mono-
cotyledons, often aquatic ones. With two alien species, they are relatively well repre-
sented in Europe.

Curculionidae. This huge family encompasses more than 80% of weevils and no-
tably includes the bark beetles and pinhole borers (Scolytinae and Platypodinae). Cur-
culionids have a large variety of habits, but are all phytophagous. The European species
are distributed in 16 subfamilies. The alien species belong to 10 subfamilies, all having
native representatives. Many subfamilies, including the world’s largest (Entiminae,
Curculioninae and Molytinae), are under-represented among alien curculionoids com-
pared with their world importance in the superfamily (Fig. 8.2.1). On the other hand,
the subfamily Cossoninae, which mainly contains wood-boring weevils, are over-repre-
sented, but the most remarkable result is the over-representation of Scolytinae.
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Scolytinae are small, cylindrical wood borers, without a rostrum or with only a
very reduced one; they include some of the most important forest pests in the world.
The majority are phloeophagous, breeding in the inner bark. Most others are xylo-
mycetophagous, feeding on symbiotic fungi which they cultivate in tunnels in the
wood (ambrosia beetles). The scolytines represent about 10% of world curculionoids
but almost half of curculionoids alien 70 Europe. Alien bark beetles represent more
than 12% of all bark beetle species in Europe. The over-representation of Scolytinae is
related to the frequency with which they are transported in wooden packing material,
pallets, and timber (Haack 2001, 2006, Brockerhoff et al. 2006). All stages of these
beetles can survive long voyages well, since both adults and larvae are in tunnels under
bark or in wood and not directly exposed to temperature extremes or dessication. The
importance of a stable, protected microenvironment is illustrated by the high preva-
lence of ambrosia beetles in the Scolytinae plus Platypodinae (35%) among successful
aliens 7o Europe (Table 8.2.1), compared with the prevalence of ambrosia beetles in
these groups in temperate climates generally (below 20%: Kirkendall 1993). The estab-
lishment of ambrosia beetles in Europe is further facilitated by polyphagy (11/12 spp.)
and inbreeding (10/12 spp.), as is generally believed to be the case for ambrosia beetles
globally (Kirkendall 1993, Haack 2001).

The curculionoids alien iz Europe are more representatives of Europe-native fauna.
Scolytines (25% of aliens iz Europe) are also over-represented compared with their
importance among European curculionoids (5%), but not cossonines (3% of aliens in
Europe). On the other hand, Entiminae (26% of alien iz Europe, mostly Otiorhynchus
and Sitona) are under-represented compared with the European fauna, but less so than
among aliens 7o Europe.

8.2.3. Temporal trends

Of the five families considered in this chapter, the first information concerning an
alien species in Europe was probably the description by Ratzeburg in 1837 of Xyleborus
pféilii based on specimens from southern Germany®. The curculionid Penzarthrum hut-
toni was introduced to Great Britain from New Zealand in 1854, and has subsequently
become naturalized in many European countries (Table 8.2.1). Only three other intro-
duced species were recorded in the second half of 19 century.

With the beginning of the 20" century, alien species began to be discovered more
frequently, though this was limited to sporadic introductions (about 2 species per de-
cade) confined to southern Europe — which perhaps provided more favourable climatic
conditions — and along the main routes of international trade. Since the 1920s the rate
of new introductions has slightly increased (Fig. 8.2.2), with a mean of nearly three
species every decade, but remaining stable until middle of 1970s.

Despite the European laws regulating the trade of plant material, the number of
records of new exotic species introduced to Europe has increased rapidly since 1975
and especially since 2000, reaching worrying levels with an average of more than one
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Figure 8.2.2. Temporal trend in establishment of Curculionoidea species alien 70 Europe from 1492 to
2010. Presumed alien species are excluded. The number besides each bar indicates the absolute number of
new records during the time period. For the introduction year of each species see Table 8.2.1.

species per year (16 new species from 2000 to 2009: Table 8.2.1), and a peak of five
new species per year in 2004 (8 species in 2003-2004). It is too early to say if the rela-
tively low number of establishments observed since 2005 will be confirmed or is only
due to stochastic variations. However, if the trend towards increasing rates of introduc-
tion continues unabated, in a few decades the mean number of alien species becoming
established in Europe could reach several per year.

The temporal trend of alien curculionoids establishment is very similar to that
observed in Europe for all alien terrestrial invertebrates (Roques et al. 2009, but see
also Smith et al. 2007 for contradictory (more limited) data). On the other hand,
this trend varies among weevils. Aliens from Asia follow the general trend (half of
them have been recorded after 1975, a third after 2000), but the increasing of estab-
lishment rate is faster for those from North and South America (two-thirds of them
have been recorded after 2000) while it is slower for those from others continents
(half of them have been recorded before 1950, and none after 2000). Regarding
feeding habits, all aliens follow the general trend except those with spermatophagous
larvae, which show no trend. This particularity of the formers seems related to the
oldness and intensity of human-mediated seed transport.

Unfortunately, for many alien species spread over large parts of Europe, data on
the place and time of introduction are lacking, and generally the data on time of arrival
of exotic species are very weak. Often, introduced species — especially those which are
not pests — are first noticed only many years after arrival, or following subsequent and
repeated introductions. As prompt communication of new findings is extremely im-
portant for the application of specific monitoring and eradication programs, the poor
quality of these data is a major obstacle to aliens management.
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8.2.4. Biogeographic patterns

Origin of alien species

All presumed aliens probably come from Africa (among which 35% from the subregion
Macaronesia). These species are not included in further discussion due to uncertainty
of their status and specially because their arrival modes have probably been different
from other aliens due to proximity of the source region.

A probable region of origin could be specified for 51 of the 52 curculionoid spe-
cies alien 70 Europe. There is one species, Sizophilus zeamais (Dryophthoridae), whose
region of origin is uncertain (cryprogenic). Cryptogenic species are thus rare in this group
compared to all alien terrestrial invertebrates (14%: Roques et al. 2009). Sizophilus
zeamais is associated with maize crops, Zea mays, and feeds on maize grain stores, and
it is likely that this species is American.

More than one-third (40%) of the exotic curculionoid species originate from Asia.
Central and South America represents the second most important region of origin,
with 19% of the species coming from this area. North America and Australasia both
represent 14% of the contributing regions. Africa is a minor region of origin (6%), and
the remaining species (6%) arrived from tropical or subtropical areas but the region
of origin could not be precisely identified (Figure 8.2.3). This distribution is rather
similar to that for all alien terrestrial invertebrates (Roques et al. 2009). The main
differences are the under-representation of African aliens (6% vs. 12%) and the over-
representation of South American (19% vs. 11%) and Australasian (14% vs. 7%) ones.
A rather surprising result is that species originated from areas with tropical or subtropi-
cal climates all around the world represent about half of alien curculionoids.

Thirteen out of the twenty-one alien species originating from Asia are from the
family Curculionidae, twelve species belonging to the subfamily Scolytinae and one
species to the subfamily Cyclominae. Other families consist of Dryophthoridae (4
spp-)> Apionidae (3 spp.) and Anthribidae (1 sp.). Scolytines originate from very dif-
ferent parts of this large continent. For example Cyclorhipidion bodoanus is native
to Siberia and temperate northeast Asia, Phloeosinus rudis to Japan, and the three
species of the genus Xylosandrus to Southeast Asia. In contrast, all the weevils of the
Dryophthoridae family originate from tropical Asia. This group includes the banana
root weevil Cosmopolites sordidus, the coconut weevil Diocalandra frumenti, the palm
weevil Rhynchophorus ferrugineus and the rice weevil Sitophilus oryzae. The introduced
apionids, Alocentron curvirostre, Aspidapion validum and Rhopalapion longirostre, all
feed on flowers and seeds of Alcea rosea and other Malvaceae species (Bolu and Lega-
lov 2008); these all originate from central Asia. Finally, the anthribid Araecerus coffeae
originates from India.

The ten curculionoid species coming from Central and South America consist of
curculionids (8 spp.) and dryophthorids (2 spp.). Curculionids originating from this
region are as highly diverse taxonomically (they are distributed in six subfamilies) as in
feeding habits. The native ranges of many species largely extend through the continent



226 Daniel Sauvard et al. /| BioRisk 4(1): 219-266 (2010)

North Ameri
| ;:.’_\'r,-:/° T Central and South America

19.2%

Tropical, subtropical

Australasia
5.8%
13.5% Cryptogenic
1.9%
Africa
5.8%

Asia
40.4%

Figure 8.2.3. Origin of Curculionoidea species alien 0 Europe. Presumed alien species are excluded.

(including sometimes part of North America), though those of others are more narrow
as for Rhyephenes humeralis (central Chile and neighboughring area of Argentina) and
Paradiaphorus crenatus (Brazil).

Seven alien curculionoids are known to originate from North America. They include
five species of the family Curculionidae and two of Erirhinidae. Many curculionids
introduced from North America are xylophagous sensu lato’, feeding on several broad-
leaved or coniferous hosts. The exceptions are the ash seed weevil Lignyodes bischoffi and
Caulophilus oryzae, originally from the southeastern USA, which feeds on seeds. In con-
trast, the two Erirhinidae species feed externally on weed roots and ferns, respectively.

Seven curculionoid species come from Australasia, all curculionids: four cos-
sonines, two molytines and one cyclomine. Three woodboring weevils (Pentarthrum
huttoni, Euophryum confine and E. rufum, all from Cossoninae), feeding on decaying
wood, originate from New Zealand. The four other species were unintentionally in-
troduced from Australia. All feed inside plant material (xylophagous or herbiphagous),
except the Eucalyptus snout beetle, Goniprerus scutellatus, a defoliator of Eucalyptus
trees originated from Southern Australia.

Only three curculionoid species are known to originate from Africa, a curculionine
and two scolytines. The palm flower weevil, Neoderelomus piriformis, probably origi-
nates from North Africa; it feeds on but also pollinates flowers of palms like Phoenix
canariensis. The scolytines both originate from Canary Islands; Dactylotrypes longicollis
breeds in Phoenix canariensis seeds, while Liparthrum mandibulare is a highly polypha-
gous phloeophage.

Three cosmopolitan curculionoid species originate from undetermined areas of the
tropical and subtropical parts of the world: the tamarind seed borer, Sizophilus linearis
(Dryophthoridae), and the palm seed borers Coccotrypes carpophagus and C. dactyli-
perda (Scolytinae). As seed-feeders, they are readily distributed through commerce,
which probably explain the uncertainty about their origin.
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Concerning the curculionoids alien iz Europe, nine-tens of these (114 spp. among
129, Table 8.2.2) are introduced from mainland Europe to islands (mainly the Canary
Islands, the Azores, the British Isles and Madeira). They are often widespread conti-
nental species which have been introduced to islands by human transport. Other cases
are mainly species of southern and western regions which were introduced into nor-
thern Europe (as Otiorhynchus corruptor), especially to Denmark and Sweden. How-
ever, some species have moved westwards (as Otiorhynchus pinastri and Phloeotribus
caucasicus) and even southwards (Ips duplicatus).

Distribution of alien species in Europe

As for the other arthropod groups, alien curculionoid species are unevenly distribu-
ted throughout Europe, which may partly reflect differences in sampling intensity
(Fig. 8.2.4, Table 8.2.1). In continental Europe, mainland Italy and France host the
largest number of species alien 70 Europe, with 28 and 26 introduced curculionoid
species, respectively. These countries are followed by continental Spain (17 spp.), Aus-
tria (15 spp.), and Germany, Switzerland and United Kingdom?® (13 spp.). This distri-
bution is similar as that of all alien terrestrial invertebrates (Roques et al. 2009). The
number of aliens per country significantly decreases eastwards (y=12 - 0.29*longi-
tude, R?=0.21, F1’31=8.08, p=0.008), but it is mainly correlated with human variables,
country population (y=-1.5 + 3.7In(population), population in million inhabitants,
R*-0.39, F | =19.6, p=1*10") and country importation values (y=-32 + 3.5In(value),
value 2003—2007 in million USD: The World Factbook 2009, R?=0.53, F1’29=32.4,
p=4*10°)*. The best model integrates importations and latitude (y=-19 + 3.6In(value)
- 0.28*latitude, value in million USD, R?=0.60, F2,28=20.6, p=3*10), indicating that
alien establishment is favored by human trade and warm climate. The abundance of
aliens in mainland Italy and France is not fully explained by the model (predicted
values 17 and 16 alien species, respectively); it is likely related to a combination of the
diversity of habitats and plants present with the favorable climate and the importance
in international shipping.

Islands have a rather rich alien curculionoid fauna, especially Macaronesia: 29 (of
which 14 presumed), 18 (8 presumed) and 10 (2 presumed) species in the Canary Is-
lands, Madeira and the Azores, respectively. These islands are followed by Sicily (10
spp.), Corsica (8 spp.) and Malta (6 spp.). As it has been found for other alien ter-
restrial invertebrates (Roques et al. 2009), the number of alien curculionoids per km?
in European islands is higher than in continental countries (on average 2.8 vs 0.17

*  Concerning species alien o Europe, United Kingdom characteristics are closer to those of continental

countries than to those of other islands, so we consider it as part of continental Europe. This is likely
related to its large size and population.

Computations were performed without small countries where no alien curculionoid is recorded, be-
cause this absence is probably due to lack of data. Israel was also excluded due to its special location.
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Figure 8.2.4. Comparative colonization of continental European countries and islands by Curculionoi-
dea species alien 70 Europe. Archipelagos: | the Azores 2 Madeira 3 the Canary Islands.

alien/1000km?, R*=0.10, F, ; =6.56, p=0.013). Aliens density is specially high in Ma-
deira and Malta (23 and 19 alien/1000km?, respectively), perhaps because these tiny
islands are stopping places on trade routes. Islands show no global trend of alien dis-
tribution. However, cold nordic islands (Greenland, Iceland, Svalbard) host few aliens,
and in Macaronesia alien number (specially presumed alien number) decreases when
distance to continent increases.

Near half of alien curculionoid species (33 spp.) have been observed in only one
country, most of them (31 spp.) in a peninsular region or on islands: Italy, Iberia,
Macaronesian islands, Malta or the British Isles. Aliens introduced to such areas are
less likely to move to nearby countries in comparison with aliens in other mainland re-
gions, but Austria and Russia also host each an own alien species. As examples, Syagrius
intrudens from Australia is encountered only in Great Britain, Naupactus leucoloma,
from South America, is found only in the Azores, and Paradiaphorus crenatus, from
Brazil, is known only from the Canary Islands. After the Canary Islands, Italy hosts the
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highest number of alien species unique to one country, eight in total, of which six are
from subfamilies Scolytinae and Platypodinae. Also, the recent arrival of these species,
most of them having first been discovered later than 2000, may in part explain their
currently restricted distribution.

Ten alien species (14%) are limited to two countries. In almost all cases, the species
are found in neighbour countries, as with the scolytine Dryocoetes himalayensis in France
and Switzerland, and Macrorhyncolus littoralis in Great Britain and Ireland. One alien
species, Scyphophorus acupunctatus, occurs in two distinct regions, Sicily and France,
suggesting the possiblity of multiple introductions (this suggestion is supported by the
previous interceptions of this species in different european countries: EPPO 2008).

At the other extreme, the rice weevil Sizophilus oryzae has been found in 34 Euro-
pean countries, and two other seed feeders, Sitophilus zeamais and Rhopalapion longi-
rostre, occur in 23 and 21 countries. Their feeding habits in association with frequently
transported seeds or stored products presumably explain this broad distribution. An-
other eleven species are found in 10 or more countries. These include several long-
established species: Xyleborus pfeilii®, the wood-borer Pentarthrum huttoni, the palm
seed borer Coccotrypes dactyliperda and the parthenogenetic weevil Asynonychus god-
mani. However, the relatively recently introduced (1993) palm weevil Rhynchophorus
ferrugineus is also widely distributed, occurring in most of the Mediterranean region,
which attests their high dispersal capabilities (natural and human-mediated). Overall,
alien weevil species are more widespread in Europe than other alien terrestrial inver-
tebrates, with 40% of species distributed in more than two countries vs. only 22%
(Roques et al. 2009).

8.2.5. Main pathways and factors contributing to successful invasions

There are two components to successful invasion, dispersal and establishment. Disper-
sal to new continents by phytophagous arthropods is now almost entirely due to hu-
man transport, the magnitude of which has inceased exponentially in recent decades.
Plant feeding arthropods are carried in and on live plants and fruits, in wood, and as
stowaways in shipments and baggage. Deliberate introductions of arthropods are less
frequent, and most involve exotic organisms imported for biological control. Estab-
lishment of new arrivals depends on availability of appropriate habitats near sites of
introduction, ability to compete with similar species already present, and on a reason-
able tolerance for the local climate.

All exotic species of Curculionoidea have been introduced accidentally in Europe,
vs. only 90% for all alien terrestrial invertebrates (Roques et al. 2009). The lack of in-
tentional introductions of weevils could be related to their poor potential for biological
control. One exotic weevil species (Stenopelmus rufinasus) has been used successfully
for biological control of the American water fern Azolla filicoides in South Africa and
to a less extent in the British Isles, but its first introduction in Europe was accidental
(Sheppard et al. 2006, Baars and Caffery 2008).
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As is the case for other regions in the world, many of Europe’s alien curculionoids
have presumably arrived via the shipping of wooden materials: pallets, crating, and
barked or unbarked timber (Brockerhoff et al. 2006, Haack 2001, 2006). Bark and
wood boring species make up half of all alien weevils (50%); these have almost certainly
been introduced with wood transport and solid wood packaging materials. Logs with
bark are ideal for transporting bark beetles and other weevils. However, even debarked
logs can contain live wood borers such as ambrosia beetles. Although some wood-bor-
ing beetles have more restrictive requirements (e.g. high humidity and decayed wood:
Euophryum confine, E. rufum, Pentarthrum huttoni), even these can often survive a few
days or even weeks of transport. The east Asian ambrosia beetle X. germanus provides a
typical example for entry by wood-borers. It was introduced to the USA (1932), where
it was discovered in imported wine stocks in greenhouses; the species spread rapidly
and has become an important nursery pest in warmer parts of eastern North America
(Ranger et al. 2010). In Europe, it was first recorded after World War II, in Germany,
where the species probably had been introduced with wood imported from Japan to
southern Germany early in the 20th century; the present distribution area includes
twelve European countries (Table 8.2.1).

Seed feeders (20%) are introduced with the seeds, which are also an excellent way
for transporting insects. Several of these species are associated with agricultural pro-
ducts (e.g. Caulophilus oryzae, Sitophilus oryzae and S. zeamais), however most species
feed on ornamental or forest seeds (e.g. Rhopalapion longirostre on Alcea, Lignyodes
bischoffi on ash seeds, Dactylotrypes longicollis on palm seeds).

Other alien species (30%) live on or inside leaves and nonwoody stems, or in the
soil. The formers can be introduced with their host plants or with host plant products
(e.g. Gonipterus scutellatus with eucalyptus, Listroderes costirostris with plants such as
tobacco); weevils living around roots (e.g. Asynonychus godmani) are transported with
living plants. These feeding habits (plus root boring, which doesn’t exist among aliens
to Europe) are more frequent among presumed aliens o Europe and among aliens in
Europe (52%); both cases result from a rather short distance transport, which likely
allows survival of less protected insects (among wood boring scolytines, phloeopha-
gous species are similarly much more frequent than xylomycetophagous species among
presumed aliens to Europe and among aliens iz Europe, contrary to what is observed
among other aliens 70 Europe).

Currently, most introductions are due to international trade, but the increasing
movement of fruits and plants by travelers, which is much more difficult to check, may
contribute to the future diffusion of new alien species.

Newly arrived phytophages must find suitable hosts. The likelihood of success
is greatly enhanced if the species is not too host specific, or if its preferred hosts
are abundant. Not surprisingly, the majority of established exotic weevils in Europe
are polyphagous, and the hosts of others are often widespread and abundant plants
(Table 8.2.1).

Parthenogenesis and inbreeding further increase the chances for successful co-
lonization. When an exotic species is first introduced to a new area, it faces a varie-
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ty of problems associated with low density which reduce the likelihood of success-
ful establishment and slow the rate of invasion (Tobin et al. 2007, Liebhold and
Tobin 2008, Contarini et al. 2009). New populations create problems for mate
finding; parthenogenetic females do not mate, and inbreeding females mate with
brothers while in the natal nest, before dispersal (Jordal et al. 2001); in both cases,
there is no problem of mate location and new populations can be established by
single females. Very small populations (such as those in recent colonizations) may
suffer from high levels of inbreeding depression (Charlesworth and Charlesworth
1987); however, regular inbreeding species such as the invasive scolytines have pre-
sumably purged their genomes of the deleterious alleles responsible for inbreeding
depression (Charlesworth and Charlesworth 1987, Jordal et al. 2001, Peer and Ta-
borsky 2005). Only a few invasive curculionoid species are parthenogenetic: Asy-
nonychus godmani, Lissorhoptrus oryzophilus, Listroderes costirostris (Morrone 1993)
and Naupactus leucoloma, whose males are unknown outside its native range (Lan-
teri and Marvaldi 1995). However, over half of the alien scolytines inbreed (59%,
presumed aliens excluded), compared with less than a third of scolytines native to
Europe and about a fourth of Scolytinae species worldwide (Kirkendall 1993).

8.2.6. Most invaded ecosystems and habitats

All alien curculionoid species are phytophagous, as are nearly all curculionoids world-
wide. Most of the species have a cryptic way of life, at least during larval stage, feeding
inside plant tissues such as stems or seeds, or living in the soil; only 9% are leaf/stem
browsers. Stems and trunks is the major feeding niche of most alien curculionoids
(65%). Most of these are bark beetles, ambrosia beetles or other wood borers (50%);
herbiphagous (15%) comprise the remaining. Seeds are the second most important
feeding niche (18%), followed by leaves (9%; some species could also attack non
woody stems) and roots (6%). Last species, Neoderelomus piriformis, feeds on flowers,
and acts as pollinator in palm trees.

By contrast, of the curculionoids alien in Europe, only 33% are wood borers,
among which most are phlocophagous (28%). A third (30%) attack roots, especially
root browsers as Otiorhynchus and Sitona (26%), the remaining (4%) being roor borers.
Herbiphagous (18%), spermatophagous (15%) and leaflstem browsers (4%) comprise the
remaining.

Near half of the alien curculionoid species established in Europe colonize urban
and peri-urban habitats, primarily parks and gardens (27%) and around buildings
(11%). Woodlands is also a frequent habitat for the alien curculionoids (27%), beyond
natural heathlands (16%), cultivated agricultural lands (9%) and greenhouses (5%).
Only three species occur in wetland habitats, one in coastal and two in inland surface
water (Fig. 8.2.5). The importance of natural heathlands is in fact mainly limited to
specific areas, most of the species recorded in these habitats being presumed aliens at-
tacking euphorbias in Macaronesian xerophytic heathlands.
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Figure 8.2.5. Main European habitats colonized by Curculionoidea species alien o Europe. The number
besides each bar indicates the absolute number of alien curculionoids recorded per habitat. Note that a
species may have colonized several habitats.

This pattern differs from the average value observed for all arthropods, where only
a fourth of the species is recorded in natural or semi-natural habitats, and where agri-
cultural lands and greenhouses contain more alien species than woodlands. That could
be obviously related to the high frequency of xylophagous sezsu lato” habits in alien cur-
culionoids. Both deciduous trees, such as Populus sp. and Fraxinus sp, and conifers in
the genera Picea and Pinus are colonized by several alien curculionoid species utilizing
trees. Eucalyprus plantations are also affected by a defoliating curculionid, Gonipterus
scutellatus, both host and weevil originating in Australia. In urban and suburban areas
such as gardens and parks, other trees species, mainly exotics and in particular palm
trees, are also affected by alien curculionoids.

8.2.7. Ecological and economic impact

Ecological impacts of alien insects are poorly known in general (Kenis et al. 2009),
and the impacts of Curculionoidea species alien zo Europe seem not to have been
documented at all.

Their economic impact is better known, reflecting the economic importance of
many of these alien species. A third of the Curculionoidea species alien z0 Europe
(26 species) have a known economic impact, a much higher proportion than for
native weevils, even though the latter contain numerous pests. Nevertheless, this
high proportion may partly be an artefact, since pests have a higher probability of
being detected.

The most damaging species are the four attacking stored products. The rice weevil
Sitophilus oryzae and the maize weevil S. zeamais are among the main pests of stored
grains worldwide, destroying significant amounts and incurring high pest management
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Figure 8.2.6. Examples of alien curculionoids: Gonipterus scutellarus. Adult damage on Eucalytus sp.
(Credit: Alain Roques).

costs’ (Balachowsky 1963, Pimentel 1991). Larvae develop in cereal seeds and adults
feed on these seeds as well as on a wide variety of stored products, products derived
from cereal grains and even dried vegetables. Damages is exascerbated by incompletely
dried stored products (Balachowsky 1963). In addition to their direct damage, these
species facilitate attacks of grains by other pests. Caulophilus oryzae, a less widespread
species, sporadically causes the same kind of damages, while Araecerus coffeae attacks
grains but mainly less common products such as stored coffee and cocoa beans.

Five species attack native or introduced cultivated plants. Listroderes costirostris attacks
a wide range of vegetables and weeds; adults can also damage foliage of fruit trees. The re-
cently established whitefringed weevil, Naupactus leucoloma, is also highly polyphagous;
its soil-inhabiting larvae are a serious pest of many agricultural crops. The banana root
weevil, Cosmopolites sordidus, and Paradiaphorus crenatus are important pests of tropical
cultures (banana and pineapple, respectively). Their economic impact is currently limited
in Europe due to the limited distribution of their hosts in this area and a rather low ag-
gressiveness in its climate, but it could increase later in the future according to the global
warming. The last species is the rice water weevil, Lissorhoptrus oryzophilus. Recently in-
troduced in Europe, it is a major pest of rice, but also attacks indigenous Carex.

Eight species damage different ornamental plants and trees, mainly introduced
tropical or subtropical species. The palm weevil Rhynchophorus ferrugineus is a dan-
gerous pest of palms which has rapidly colonized the Mediterannean basin. On the
Canary Islands, palms are also attacked by the lesser coconut weevil Diocalandra fru-
menti. Even if damage are mainly esthetic, they are worrying because this insect princi-

*  Damages are also due to the grain weevil S. granarius, probably alien too, but not taken into account

here because it has been established in Europe at least since Antiquity.
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e - N
Figure 8.2.7. Examples of alien curculionoids: Rhynchophorus ferrugineus. Female, larvae and damage
(Credit: Juan Antonio Avalos, Universidad Politécnica de Valencia).

pally attacks Phoenix canariensis, an endemic palm which is emblematic of the Canary
Islands where it is widely used for landscaping and is a major element of coastal land-
scape. Asynonychus godmani attacks roots of a large variety of ornamental shrubs and
fruit trees, native or introduced. Others species are monophagous or oligophagous on
introduced hosts: the tamarind seed borer Sizophilus linearis on Tamarindus indica,
Demyrsus meleoides on cycadophyts, Scyphophorus acupunctratus on Agavaceae species,
Phlocotribus liminaris on Prunus serotina, Phloeosinus rudis on Cupressaceae species.

Five species have an impact on forests or related habitats. Three attack live exotic
or native trees. The Eucalyptus snout beetle Goniprerus scutellatus is an important pest
of Eucalyptus everywhere it has been introduced (see factsheet 14.12). This defoliator
causes severe damage and wood loss, particularly on E. globulus, the major cultivated
Eucalyprus species in southern Europe. Rhyephenes humeralis attack another introduced
tree, Pinus radiata, but causes less damage. Megaplatypus mutatus is one of the few
platypodine beetles which breeds in live trees; it is highly polyphagous, but in Europe
it has thus far only been found to damage Populus plantations in Italy (Alfaro et al.
2007). The two other species depreciate wood stock. Grathotrichus materiarius is a
common pest of a large variety of conifer wood, and Xylosandrus germanus sporadically
attacks mainly broadleaf wood.

Pentarthrum huttoni and the two Euophryum species live in rotting wood, so their
economic impact is generally low, though they do attack wood of historically signifi-
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Figure 8.2.8. Examples of alien curculionoids: Scolytinae. Top left: Gnathotrichus materiarius: gallery

in wood (Credit: Louis-Michel Nageleisen). Top right: CGyclorhipidion bodoanus: femelle (Credit: Louis-
Michel Nageleisen). Bottom: Xylosandrus germanus (Blandford 1894): female (Credit: Daniel Adam),
adults and gallery holes on wood (Credit: Louis-Michel Nageleisen).

cant artefacts or buildings. Finally, as opposed to all previous species, the introduced
frond-feeding weevil Stenopelmus rufinasus has a positive impact due to its hability to
control the invasive red water fern Azolla filiculoides.

8.2.8. Conclusion

The superfamily Curculionoidea is well represented among alien species now estab-
lished in Europe. Alien weevils show specific characteristics comparing both native and
world ones, which seem result from a selection of species having high capabilities to
human-mediated dispersal and establishment in a new habitat. Thus, they have often
cryptic habits, as seed boring or wood and plant boring, leading to over-representation
of bark and ambrosia beetles and other xylophagous sensu lato’ species; alien weevils are
consequently more numerous in natural areas than other terrestrial invertebrate aliens.
Seed feeders are the major alien pests. Alien species are mainly originated from Asia,
which is related to the importance of trade with this continent, and many of them
come from different tropical or subtropical areas.

The more worrying observation is the fast increase in the invasion rate during last
decades, as noticed for all terrestrial invertebrate aliens. Without appropriate control,
the invasive pressure will probably continue to increase in the future, further threaten-
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ing European people and ecosystems, more especially as global warming may allow the
naturalization of more tropical and subtropical species accidentally introduced into
Europe and particularly the Mediterranean.
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Table 8.2.1. Characteristics of the Curculionoidea species alien zo Europe. Asterisks indicate presumed aliens. Feeding habits and hosts are those of larvae, which
are generally the more damaging stage®. Country codes abbreviations refer to ISO 3166, with extensions (see Appendix I); main Atlantic and Mediterranean islands
are treated separately as special ,,countries. N/A data non available. Status: A alien 70 Europe C cryprogenic. Feeding habits: abbreviations between brackets specify
the feeding habits; her herbiphagous (larvae bore and feed inside non woody tissue of plant stems or leaves; stem includes branches, twigs, collar, bulb and rootstock)
Ibw leaflstem browser (larvae externally feed on leaves or stems, as most caterpillars; early stages could be miner) phl phloeophagous (larvae bore and feed inside tree
inner bark) rbo roor borer (larvae bore and feed inside roots) rbw rooz browser (subterranean larvae externally feed on roots; early stages could be root miner) spe
spermatophagous (larvae bore and feed inside reproductive organs, generally seeds) xmp xylomycetophagous (larvae live in galleries bored by females inside wood and
mainly feed on wood-decaying symbiotic fungi) xyl xylophagous (larvae bore and feed inside wood, including woody materials such as palm stems)”. Native range:
the field contains standardized range; if useful, native range could be specified between brackets. 1st record in Europe: date and countries of first known specimen,
or first publication. Habitat: habitats in invaded countries; abbreviations refer to EUNIS (see Appendix II). Hosts: recorded hosts in invaded countries, and, between
brackets, host breath in native range; host breath in native range is given as monophagous, oligophagous or polyphagous (abbreviated as mp, op and pp), depending if
the species normally attacks hosts in one genera, one family or more; hpp: highly polyphagous.

Family / subfamily Status | Feeding | Native |lstrecord| Invaded countries |Habitat Hosts References

Species habits range | in Europe

Anthribidae

Araecerus coffeae A | phyto- Asia- 1951, DE |AT, BG, DE, FR, GB, |]J1 stored products (pp: | Essl and Rabitsch (2002),

(Fabricius 1801) phagous | Tropical IL, IT, MT, PL Coffea, Camellia Mphuru (1974), Obretenchev et
(spe) sinensis, stored al. (1990), Sebelin (1951)

products)

Apionidae

Alocentron (Alocentron) A | phyto- Asia- 1904, BG |AT, BG, CH, CZ, HU, |12, FA, |Alcea rosae (op: Essl and Rabitsch (2002),

curvirostre (Gyllenhal phagous | Temperate IT-SIC, MD, PL, RO, |FB Malvaceae) Joakimow (1904), Wittenberg

1833) (spe) RS, SI, SK (2005)

Aspidapion A | phyto- Asia- 1960, BG |AT, BG, CH, CZ, DE, |12, FA, |Alcea rosae (op: Abbazzi et al. (1994), Angelov

(Aspidapion) validum phagous | Temperate FR, HR, HU, IT, MD, |FB Malvaceae) (1960), Essl and Rabitsch (2002),

(Germar 1817) (spe) PL, PT, RO, SK, UA Wittenberg (2005)

¢ Platypodines and scolytines adults generally feed as larvae, as do adults of many other species with spermatophagous or xylophagous sensu lato” larvae. Otherwise
adults generally feed externally on leaf and stem regardless of the larval habits. Adults are often more polyphagous than larvae, except platypodines and scolytines.

7 We use the term xylophagous sensu lato to gather species with phlocophagous, xylomycetophagous and xylophagous larvae.
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Family / subfamily Status | Feeding Native | 1strecord| Invaded countries |Habitat Hosts References
Species habits range | in Europe
Rhopalapion longirostre A | phyto- Asia- 1875, RO | AT, BG, CH, CY, CZ, |12 Alcea rosae (op: Abbazzi et al. (1994), Ehret
(Olivier 1807) phagous | Temperate ES, FR, FR-COR, DE, Malvaceae) (1983), Essl and Rabitsch (2002),
(spe) GR, GR-NEG, HR, Koztowski and Knutelski (2003),
HU, IT, MD, NL, PL, Markovich (1909), Mazur
RO, RS, SK, UA (2002), Perrin (1984), Perrin
(1995), Wittenberg (2005)
Curculionidae
Cossoninae
Amaurorbinus A | phyto- Africa N/A PT-AZO, PI-MAD B N/A (Suaeda, Salsola) | Base de dados da biodiversidade
(Amaurorhinus) phagous | (ES-CAN) dos Agores, Orom{ and Garcia
monizianus (1995)
(Wollaston 1860)*
Caulophilus oryzae A | phyto- North 1982, ES-CAN, GB, J1 grain, stored products | Izquierdo et al. (2004), Morris
(Gyllenhal 1838) phagous |America PT-MAD |PT-MAD (pp: grain, Persea (2002), O‘Brien and Wibmer
(spe) seed) (1982)
Euophryum confine A | phyto- Australasia |1937, GB |AD, AT, CZ, ES, J1,12 | decaying wood (pp: |Essl and Rabitsch (2002), Hill et
(Broun 1880) phagous ES-BAL, FR, GB, HU, decaying wood) al. (2005), Menet (1998)
(xyl) PT, SE
Euophryum rufum A | phyto- Australasia |1934, GB |CH, DK, ES, GB, J1,12 | decaying wood (pp: |Hill et al. (2005), O‘Connor
(Broun 1880) phagous IE, SE decaying wood) (1977)
(xyl)
Macrorhyncolus A | phyto- Australasia | 1987, GB |GB, IE B2 drifewood (pp: Morris (2002), Telfer (2007),
littoralis (Broun 1880) phagous decaying wood) Welch (1990)
(xyD)
Pentarthrum huttoni A | phyto- Australasia | 1854, GB | AT, BE, CH, DE, DK, |J1 decaying wood (pp: | Abbazzi and Osella (1992), Bruge
Wollaston 1854 phagous ES, FR, GB, IE, IT, decaying wood) (1994), Buck (1948), Dieckmann
(xyl) NL, PL, RU, SK (1983), Halmschlager et al.

(2007), Hoffmann (1954),
Rasmussen (1976), Stachowiak
and Wanat (2001), Strej¢ek
(1993), Wittenberg (2005)
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Family / subfamily Status | Feeding | Native |lstrecord| Invaded countries |Habitat Hosts References

Species habits range | in Europe

Pentatemnus arenarius A | phyto- Africa N/A ES-CAN N/A N/A (N/A) Machado and Oromi (2000)

Wollaston 1861* phagous | (North)

Cryptorhynchinae

Rhyephenes humeralis A |phyto- |C&S 2003, ES |ES Gl, Pinus radiata (pp: Alonso-Zarazaga and Goldarazena

(Guérin-Méneville phagous |America G5, broadleaf trees) (2005)

1830) (phl) X11

Curculioninae

Lignyodes (Lignyodes) A | phyto- North 2001, PL |AT, PL G, 12 | Fraxinus (op: Essl and Rabitsch (2002), Freude

bischoffi (Blatchley phagous |America Fraxinus, Syringa) et al. (1983), Gosik et al. (2001)

1916) (spe)

Neoderelomus piriformis| A | phyto- Africa 1992, IT, |ES, ES-CAN, FR,IL, |12 Phoenix canariensis Abbazzi and Osella (1992),

(Hoffmann 1938) phagous | (North) IT-SIC IT, I'T-SIC, PT-MAD (Phoenix) Alonso-Zarazaga and Lyal (1999),
(spe) Friedman (2006), Machado and

Oromi (2000), Piry and Gompel
(2002)

Tychius (Tychius) A | phyto- Africa N/A ES-CAN N/A N/A (Fabaceae) Machado and Oromi (2000)

antoinei Hustache phagous | (North)

1932*

Tychius (Tychius) A | phyto- Africa N/A ES-CAN N/A N/A (Fabaceae) Machado and Oromi (2000)

depauperatus phagous | (North)

Wollaston 1864*

Cyclominae

Asperogronops A | phyto- Asia- 1946, SE |DE, DK, FIL, FR, GB, |12 Atriplex (op: Meregalli (2004)

inaequalis (Boheman phagous | Temperate LT, LV, NL, SE Chenopodiaceae)

1842) (Ibw)

Gonipterus scutellatus A | phyto- Australasia |1975, IT |ES, ES-CAN, FR, 12, G2 | Eucalyptus (mp: Abbazzi and Osella (1992),

Gyllenhal 1833 phagous FR-COR, IT, PT Eucalyptus) Arzone (1976), Carrillo (1999),
(Ibw) Machado and Oromi (2000),

Mansilla (1992), Mansilla and
Pérez Otero (1996), Neid (2003),
Paiva (1996), Rabasse and Perrin
(1979), Sampd (1976)
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Family / subfamily Status | Feeding | Native |lstrecord| Invaded countries |Habitat Hosts References
Species habits range | in Europe
Listroderes costirostris A | phyto- C&S 1950, ES-BAL, ES-CAN, FR, |1, J100 |N/A (hpp: vegetables, | Balachowsky (1963), Friedman
Schoenherr 1826 phagous |America |ES-CAN |IL, PT weeds) (2009), Germain et al. (2008a),
(Ibw) Machado and Oromi (2000),
Moncoutier (1982)
Entiminae
Asynonychus godmani A | phyto- C&S 1908, IT |DK, ES, ES-BAL, I N/A (pp: Rosa, Hoffmann (1950), Machado and
Crotch 1867 phagous |America ES-CAN, FR, IT, ornamentals, fruit Oromf (2000), Solari and Solari
(rbw) IT-SAR, IT-SIC, trees) (1908), Stiiben (2003)
MT, PT, PT-AZO,
PT-MAD, SE
Naupactus leucoloma A |phyto- |C&S 2003, PT-AZO LG N/A (hpp: Fabaceae, |Borges et al. (2005)
Boheman 1840 phagous |America |PT-AZO vegetables, Zea mays)
(rbw)
Sitona (Sitona) A | phyto- Africa N/A ES-CAN N/A Foeniculum (N/A) Garcfa (2003), Machado and
latipennis Gyllenhal phagous | (PT-MAD) Oromi (2000)
1834* (rbw)
Hyperinae
Donus (Donus) fallax A | phyto- Africa N/A ES-CAN N/A N/A (N/A) Machado and Oromi (2000)
(Capiomont 1868)* phagous | (North)
(Ibw)
Donus (Antidonus) A | phyto- Africa N/A ES-CAN N/A N/A (N/A) Machado and Oromi (2000)
isabellinus (Boheman phagous | (North)
1834)* (Ibw)
Lixinae
Pycnodactylopsis A | phyto- Africa N/A ES-CAN N/A N/A (N/A) Machado and Oromi (2000)
(Louwia) tomentosa phagous | (North)
(Fahraeus 1842)*
Molytinae
Demyrsus meleoides A |phyto-  |Australasia |1974,IT |IT 2 Cycadales (op: Covassi (1974)
Pascoe 1872 phagous Cycadales)

(xyl)
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Family / subfamily Status | Feeding | Native |lstrecord| Invaded countries |Habitat Hosts References
Species habits range | in Europe
Styphloderes A | phyto- Africa N/A PT-MAD N/A N/A (N/A) Oromi and Garcfa (1995)
(Parastyphloderes) phagous | (ES-CAN)
lindbergi Roudier
1963*
Syagrius intrudens A | phyto- Australasia [1998, GB |GB J100 Pteridopsida (op: Hackett (1998), Hill et al. (2005)
Waterhouse 1903 phagous Pteridopsida)

(her)
Platypodinae
Megaplatypus mutatus A | phyto- C&S 2000, IT |IT G1,12 | Populus (pp: Tremblay et al. (2000)
(Chapuis 1865) phagous |America broadleaf trees)

(xmp)
Scolytinae
Ambrosiodmus A |phyto-  |Asia 2008, IT |IT G Aesculus Faccoli et al. (2009)
rubricollis Eichhoff phagous hippocastanum,
1875 (xmp) Prunus persica (pp:

broadleaf trees)

Aphanarthrum affine A |phyto-  |Africa 1860, ES-CAN F8 Euphorbia (mp: Israelson (1972)
Wollaston 1860* phagous ES-CAN Euphorbia)

(her)
Aphanarthrum A |phyto-  |Africa 1860, ES-CAN F8 Euphorbia (mp: Israelson (1972)
bicinctum Wollaston phagous ES-CAN Euphorbia)
1860* (her)
Aphanarthrum bicolor A |phyto-  |Africa 1972, PT- |PT-MAD E8 Euphorbia (mp: Israelson (1972)
Wollaston 1860* phagous | (ES-CAN) |[MAD Euphorbia)

(her)
Aphanarthrum mairei A | phyto- Africa 1928, ES-CAN F8 Euphorbia (mp: Israelson (1980)
Peyerimhoff 1923* phagous ES-CAN Euphorbia)

(her)
Aphanarthrum A | phyto- Africa 1972, PT- |PT-MAD F8 Euphorbia (mp: Israelson (1972)
piscatorium Wollaston phagous | (ES-CAN) |[MAD Euphorbia)

1860*

(her)
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Family / subfamily Status | Feeding | Native |lstrecord| Invaded countries |Habitat Hosts References
Species habits range | in Europe
Cisurgus wollastonii A |phyto-  |Africa 1860, ES-CAN F8 Euphorbia (mp: Schedl (1946)
(Eichhoff 1878)* phagous ES-CAN Euphorbia)
(her)
Coccotrypes carpophagus| A | phyto- Tropical, |N/A ES-CAN, PT-AZO, 12 Phoenix, Bright (1987), Kirkendall per.
(Hornung 1842) phagous |subtropical PT-MAD Washingtonia, obs.
(spe) Arecaceae, Dracaena
(pp: Arecaceac,
woody seeds)
Coccotrypes dactyliperda| A | phyto- Tropical, |1884,IT |ES-CAN, FR, 12 Phoenix, Chamaeraps | Kirkendall and Faccoli (2010),
(Fabricius 1801) phagous |subtropical FR-COR, HU, IT, umilis, Arecaceae (pp: | Schedl (1963), Schedl et al.
(spe) IT-SAR, IT-SIC, MT, Arecaceae, woody (1959), Targioni Tozzetti (1884)
PT-MAD seeds)
Coleobothrus alluand;i A |phyto-  |Africa 1928, ES-CAN F8 Euphorbia (mp: Israclson (1980)
(Peyerimhoff 1923)* phagous ES-CAN Euphorbia)
(her)
Cyclorhipidion A |phyto-  |Asia 1960, FR |BE, CH, DE, FR, IT, |Gl Quercus (op: Audisio et al. (2008), Bouget and
bodoanus (Reitter phagous NL Fagaceae) Noblecourt (2005), Kirkendall
1913) (xmp) and Faccoli (2010), Schott
(2004), Schott and Callot (1994)
Dactylotrypes longicollis A | phyto- Africa 1949, ES, FR, FR-COR, HR, |12 Phoenix canariensis, | Balachowsky (1949), Lombardero
(Wollaston 1864) phagous |(ES-CAN) |FR-COR |IT, IT-SIC, PT-MAD Arecaceae, Dracaena | and Novoa (1994), Sampo and
(spe) draco (op: Arecaceae, |Olmi (1975), Whitehead et al.
Dracaenaceae) (2000)
Dryocoetes himalayensis | A |phyto- | Asia- 2004, FR |CH, FR G N/A (pp: Juglans Knizek (2004)
Strohmeyer 1908 phagous | Temperate regia, Pyrus lanata)
(phl)
Gnathotrichus A | phyto- North 1933, FR |BE, CH, CZ, DE, ES, |G Picea, Pinus (pp: Balachowsky (1949), Faccoli
materiarius (Fitch phagous | America FI, FR, IT, NL, SE conifers) (1998), Kirkendall and Faccoli
1858) (xmp) (2010), Valkama et al. (1997),

Wittenberg (2005)
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Family / subfamily Status | Feeding | Native |lstrecord| Invaded countries |Habitat Hosts References
Species habits range | in Europe
Hypocryphalus A |phyto-  |Asia 1991, MT |MT 12 Ficus (pp) Mifsud and Knizek (2009)
scabricollis (Eichhoff phagous
1878) (phl)
Hypothenemus crudiae A | phyto- C&S N/A PT-AZO Gl N/A (hpp) Base de dados da biodiversidade
(Panzer 1791) phagous |America dos Agores

(phl) (+ North

Am.)

Hypothenemus eruditus A | phyto- C&S 1924, ES, ES-CAN, FR, J1 N/A (hpp) Balachowsky (1949), Machado
Westwood 1836 phagous |America |IT-SIC FR-COR, IL, IT, and Oromi (2000), Noblecourt

(phl, spe) | (+ North IT-SIC, MT, PT-AZO, (2004), Pfeffer (1995), Ragusa

Am.) PT-MAD (1924), Roll et al. (2007)

Liparthrum artemisiae A | phyto- Africa N/A PT-MAD F5 Artemisia (mp: Schedl (1963)
Wollaston 1854* phagous | (ES-CAN) Artemisia)

(phl)
Liparthrum A | phyto- Africa N/A ES-CAN, PT-MAD G1 Laurus (mp: Laurus) | Israelson (1990)
bituberculatum phagous | (North)
Wollaston 1854* (phl)
Liparthrum curtum A | phyto- Africa N/A PT-AZO, PT-MAD G1 Castanea, Ficus (pp: | Israelson (1990)
Wollaston 1854* phagous | (ES-CAN) Euphorbiaceae,

(phl) Moraceae, Fabaceae,

Fagaceae)

Liparthrum inarmatum| A | phyto- Africa N/A ES-CAN, PT-MAD F8 Euphorbia (mp: Israelson (1990)
Wollaston 1860* phagous Euphorbia)

(her)
Liparthrum A | phyto- Africa N/A ES, GB, PI-MAD Gl Alnus, Betula, Israelson (1990), Lombardero
mandibulare phagous | (ES-CAN) Castanea, Euphorbia, |and Novoa (1993)
Wollaston 1854 (phl) Erica, Quercus, Rubus

(hpp)

Monarthrum mali A |phyto-  |North 2007, IT |IT G N/A (pp: broadleaf | Kirkendall et al. (2008)
(Fitch 1855) phagous | America trees)

(xmp)
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Family / subfamily Status | Feeding | Native |lstrecord| Invaded countries |Habitat Hosts References
Species habits range | in Europe
Phloeosinus rudis A | phyto- Asia 1940, FR |FR, NL FA, G5 | Thuja, Balachowsky (1949), Moraal
Blandford 1894 phagous Chamaecyparis, (2009)
(phl) Juniperus chinensis,
Cupressaceae (op:
Cupressaceae)
Phloeotribus liminaris A | phyto- North 2004, IT |IT 12 Prunus serotina (mp: | Pennacchio et al. (2004)
(Harris 1852) phagous |America Prunus)
(phl)
Polygraphus proximus A | phyto- Asia 2000, RU |RU G3 Abies (mp: Abies) Chilahsayeva (2008),
Blandford 1894 phagous Mandelshtam and Popovichev
(phl) (2000)
Xyleborinus attenuatus A |phyto-  |Asia 1987, AT, |AT, CH, CZ, DE, ES, |Gl Alnus, Betula, Salix, |Essl and Rabitsch (2002),
Wood & Bright 1992 phagous cz HU, NL, PL, RU, SE, Tilia, Quercus, Kirkendall and Faccoli (2010)
(xmp) SK, UA Corylus, broadleaf
trees (pp: broadleaf
trees)
Xyleborus affinis A |phyto- |C&S 2006, AT |AT I Dracaena (pp: Holzer (2007)
Eichhoff 1868 phagous |America broadleaf trees)
(xmp) (+ North
Am.)
Xyleborus atratus A | phyto- Asia 2007, IT |IT G N/A: Quercus? (pp: | Faccoli (2008)
Eichhoff 1875 phagous broadleaf trees)
(xmp)
Xyleborus pfeilii A | phyto- Asia 1837, DE | AT, BG, CH, CZ, DE, |G Alnus, Betula, Populus | Kirkendall and Faccoli (2010),
(Ratzeburg 1837)® phagous ES, FR, HR, HU, IT, (pp: broadleaf trees) | Ratzeburg (1837)
(xmp) PL, SI, SK, UA
Xylosandrus A |phyto-  |Asia 2003, IT |IT G2, Ceratonia siliqua Pennacchio et al. (2003)
crassiusculus phagous J100 (pp: broadleaf trees,
(Motschulsky 1866) (xmp) Pinus)

8

Xyleborus pfeilii was until recently treated as native to Europe, but is now thought to be introduced (Kirkendall and Faccoli 2010).
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Family / subfamily Status | Feeding Native | 1strecord| Invaded countries |Habitat Hosts References
Species habits range | in Europe
Xylosandrus germanus A | phyto- Asia 1950, DE | AT, BE, CH, CZ, DE, |G Fagus, Castanea, Henin and Versteirt (2004),
(Blandford 1894) phagous FR, HU, IT, NL, PL, Busxus, Ficus, Kirkendall and Faccoli (2010)
(xmp) RU, SI Carpinus, Quercus,
Juglans, Picea, Pinus
(pp: broadleaf trees,
conifers)
Xylosandrus morigerus A | phyto- Asia 1916, AT, |AT, CZ, FR, GB, IT J100 greenhouse orchids | Kirkendall and Faccoli (2010),
(Blandford 1894) phagous CZ, FR, as Dendrobium (pp: | Reitter (1916)
(xmp) GB broadleaf trees)
Dryophthoridae
Cosmopolites sordidus A | phyto- Asia- 2004, ES-CAN, PT-AZO, I N/A (op: Musa, Machado and Oromi{ (2000)
(Germar 1824) phagous |Tropical |ES-CAN |PT-MAD Ensete)
(xyl)
Diocalandra frumenti A | phyto- Asia- 1998, ES-CAN 12 Phoenix, Arecaceae Gonzales et al. (2002), Machado
(Fabricius 1801) phagous | Tropical ES-CAN (op: Arecaceae) and Oromi (2000), Salomone
(xyl) Sudrez et al. (2000)
Paradiaphorus crenatus A | phyto- C&S 2004, ES-CAN I1 N/A (Ananas) Machado and Oromi{ (2000)
(Billberg 1820) phagous |America |ES-CAN
()
Rhynchophorus A | phyto- Asia- 1993, ES |CY, ES, ES-CAN, X24, 12 | Arecaceae (op: Barranco et al. (1996), Bitton and
ferrugineus (Olivier phagous | Tropical FR, FR-COR, GR, Arecaceae) Nakache (2000), EPPO (2006),
1790) (xyl) GR-CRE, GR-SEG, FREDON-Corse (2007), Kehat
IL, IT, I'T-SAR, I'T-SIC (1999), Kontodimas et al. (2006),
MAPA (2006), Sacchetti et al.
(2005)
Seyphophorus A | phyto- C&S 2006, FR, IT-SIC 12 Agave (pp: Agavaceae, | Germain et al. (2008b), Longo
acupunctatus phagous |America IT-SIC Dracaenaceae) (2007)
Gyllenhal 1838 (her)
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Family / subfamily Status | Feeding | Native |lstrecord| Invaded countries |Habitat Hosts References
Species habits range | in Europe
Sitophilus linearis A | phyto- Tropical, 1954, AL, AT, ES-CAN, FR, |]J1 Tamarindus indica Abbazzi et al. (1994), Essl and
(Herbst 1797) phagous |subtropical |[FR-COR |FR-COR, IT, PL (mp: Tamarindus Rabitsch (2002), Hoffmann
(spe) indica) (1954), Machado and Oromi
(2000), Tomov et al. (2009)
Sitophilus oryzae A | phyto- Asia- 1896, SE |AL, AT, BG, BY, CH, |]1 grain (op: cereal Abbazzi et al. (1994),
(Linnaeus 1763) phagous | Tropical CY, CZ, DE, DK, grain) Balachowsky (1963), Essl and
(spe) EE, ES, ES-CAN, FI, Rabitsch (2002), Hoffmann
FR, FR-COR, GB, (1954), Joakimow (1904),
GL, HR, HU, IS, IT; Machado and Oromi (2000),
IT-SAR, IT-SIC, LT, Silfverberg (2004a), Silfverberg
LV, MT, NL, NO, PL, (2004b), Teodorescu et al.
PT, PT-AZO, RO, SE, (2006), Tomov et al. (2009),
UA Wittenberg (2005)
Sitophilus zeamais C | phyto- Cryptogenic | 1927, DE |AD, AL, AT, BE, BG, |]1 grain (op: cereal Balachowsky (1963), Dal Monte
Motschulsky 1855 phagous CH, CZ, DE, DK, EE, grain) (1972), Essl and Rabitsch (2002),
(spe) ES-CAN, FI, FR, GB, Haghebaert (1991), Lundberg
IT, IT-SAR, IT-SIC, (1995), Machado and Orom{
PL, PT, PT-AZO, (2000), Obretenchev et al.
PT-MAD, RU, SE (1990), Tomov et al. (2009),
Wittenberg (2005)
Erirhinidae
Lissorhoptrus A | phyto- North 2004, IT |IT I1 Oryza, Carex Caldara et al. (2004)
oryzophilus Kuschel phagous | America (pp: Gramineae,
1952 (rbw) Cyperaceae)
Stenopelmus rufinasus A | phyto- North 1900, FR |BE, DE, ES, FR, GB, |Cl1, C2 |Azolla (mp: Azolla) Baars and Caffery (2008), Dana
Gyllenhal 1835 phagous | America IE, IT, NL and Viva (2006), Fernandez
(Ibw) Carrillo et al. (2005), Hill et al.

(2005), Janson (1921)
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Table 8.2.2. Characteristics of the Curculionoidea species alien iz Europe. See Table 8.2.1 legend. Native range: ,Mediterranean® refers to southern Europe, North
Africa and western Asia; ,, West Mediterranean® refers to southern Europe and North Africa.

Family / subfamily Feeding habits Native range Invaded Habitat | Hosts References
Species countries
Anthribidae
Bruchela rufipes (Olivier 1790) phytophagous (spe) | Europe GB 12 N/A (mp: Reseda lutea) |Hill et al. (2005), Morris
(1990)
Apionidae
Aspidapion (Aspidapion) radiolus phytophagous (her) |Europe, ES-CAN, N/A N/A (op: Malvaceac) | Base de dados da
(Marsham 1802)* Mediterranean, PT-AZO biodiversidade dos Agores,
Asia Machado and Oromi (2000)
Catapion pubescens (W. Kirby phytophagous (her) |Europe, ES-CAN N/A N/A (mp: Trifolium) | Machado and Oromi (2000)
1811)* Mediterranean
Eutrichapion (Cnemapion) vorax phytophagous Europe, West ES-CAN N/A N/A (op: Fabaceae) Machado and Oromi (2000)
(Herbst 1797)* Mediterranean
Holotrichapion (Holotrichapion) phytophagous (spe) |Europe, ES-CAN N/A N/A (mp: Ononis) Machado and Oromi (2000)
ononis (W. Kirby 1808)* Mediterranean,
Asia
Ischnopterapion (Ischnopterapion) phytophagous (spe) | Mediterranean ES-CAN N/A N/A (mp: Lotus) Machado and Oromi (2000)
plumbeomicans (Rosenhauer 1856)*
Ischnopterapion (Chlorapion) virens | phytophagous (her) |Europe, ES-CAN N/A N/A (mp: Trifolium) Machado and Oromi (2000)
(Herbst 1797)* Mediterranean,
Asia
Ixapion variegatum (Wencker 1864) | phytophagous (her) |Europe GB 12, H5 | Viscum album (mp: Duff (2008), Foster et al.
Viscum album) (2001)
Kalcapion semivittatum (Gyllenhal | phytophagous (her) |Europe, ES-CAN, N/A N/A (mp: Mercurialis) | Base de dados da
1833)* Mediterranean PT-AZO biodiversidade dos Acores,
Machado and Oromi (2000)
Brachyceridae
Brachycerus plicatus Gyllenhal 1833* ‘ phytophagous (her?) ‘ Mediterranean ES-CAN N/A ‘ N/A (op: Liliaceae?) ‘ Machado and Oromi (2000)
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Family / subfamily Feeding habits Native range Invaded Habitat |Hosts References
Species countries
Curculionidae
Bagoinae
Bagous exilis Jacquelin du Val 1854* | phytophagous West ES-CAN B N/A (coastal Machado and Oromi (2000)
Mediterranean shrubs: Frankenia,
Chenopodiaceae)
Baridinae
Melaleucus sellatus (Boheman 1844)* | phytophagous West ES-CAN N/A N/A (N/A) Machado and Oromi (2000)
Mediterranean
Melanobaris quadraticollis phytophagous (her) | West ES-CAN L] N/A (op: Cruciferae) | Machado and Oromi (2000)
(Boheman 1836)* Mediterranean
Ceutorhynchinae
Ceutorhynchus assimilis (Paykull phytophagous (spe) | Europe, West PT-AZO L] N/A (op: Brassica, Borges et al. (2005)
1800) Mediterranean Cruciferae)
Micrelus ferrugatus (Perris 1847)* phytophagous (spe) | West ES-CAN E N/A (mp: Erica) Machado and Oromi (2000)
Mediterranean
Mogulones geographicus (Goeze phytophagous (rbo) | Europe, West PT-AZO I,G Echium (mp: Echium) | Borges et al. (2005)
1777) Mediterranean
Rhinoncus pericarpius (Linnaeus phytophagous (rbo) | Europe, West FO E 1 N/A (mp: Rumex) N/A
1758) Mediterranean,
Asia
Cossoninae
Brachytemnus porcatus (Germar phytophagous (xyl) | Europe, West PT-AZO 12 N/A (op: Pinaceae) Borges et al. (2005)
1824) Mediterranean
Pselactus spadix (Herbst 1795) phytophagous (xyl) |Europe PT-AZO B,E marine driftwood (pp: | Stiiben (2003)
decaying wood)
Pseudophlocophagus aeneopiceus phytophagous (xyl) |Europe PT-AZO N/A N/A (pp: decaying Base de dados da
(Boheman 1845)* wood) biodiversidade dos Acores
Rhopalomesites tardyi (Curtis 1825) | phytophagous (xyl) |Europe PT-AZO G N/A (pp: dead wood) | Borges et al. (2005)
Cryptorhynchinae
Dichromacalles (Dichromacalles) phytophagous (her?) | West ES-CAN, N/A N/A (op: Compositae) |Base de dados da
dromedarius (Boheman 1844)* Mediterranean PT-AZO biodiversidade dos Acores,

Machado and Oromi (2000)
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Family / subfamily Feeding habits Native range Invaded Habitat | Hosts References
Species countries
Curculioninae
Mecinus circulatus (Marsham 1802)* | phytophagous (her) |Europe, ES-CAN L] N/A (mp: Plantago) Machado and Oromi (2000)

Mediterranean
Mecinus longiusculus Boheman phytophagous (her) | West ES-CAN L] N/A (op: Machado and Oromi (2000)
1845* Mediterranean Scrophulariaceae)
Mecinus pascuorum (Gyllenhal phytophagous (spe) |Europe, ES-CAN, L] Plantago (mp: Plantago) | Borges et al. (2005),
1813) Mediterranean PT-AZO Machado and Oromi (2000)
Pachytychius aridicola (Wollaston phytophagous (spe) | Mediterranean ES-CAN N/A N/A (N/A) Machado and Oromi (2000)
1864)*
Philernus farinosus Gyllenhal 1835* | phytophagous Europe, Asia ES-CAN N/A N/A (N/A) Machado and Oromi (2000)
Sibinia (Dichotychius) albosquamosa | phytophagous (spe?) | Mediterranean ES-CAN N/A Limonium (N/A) Machado and Oromi (2000)
Pic 1904*
Sibinia (Dichotychius) planiuscula phytophagous (spe?) | Mediterranean ES-CAN N/A N/A (N/A) Machado and Oromi (2000)
(Desbrochers 1873)*
Sibinia (Sibinia) primita (Herbst | phytophagous (spe) |Europe, West ES-CAN N/A N/A (pp: Machado and Oromi (2000)
1795)* Mediterranean Caryophyllaceae,

Plumbaginaceae,
Thymelaeaceae)

Smicronyx albosquamosus Wollaston | phytophagous (her?) | West ES-CAN, N/A N/A (N/A) Hoffmann (1958), Machado
1854* Mediterranean PT-MAD and Orom{ (2000)
Smicronyx brevicornis Solari 1952* | phytophagous (her) | West ES-CAN N/A N/A (mp: Cuscuta) Machado and Oromi (2000)

Mediterranean
Tychius (Tychius) cuprifer (Panzer | phytophagous (spe) | Europe, PT-AZO I1 N/A (mp: Trifolium) | Borges et al. (2005), Stiiben
1799) Mediterranean (2003)
Tychius (Tjychius) picirostris phytophagous (spe) |Europe, PT-AZO I1,E N/A (mp: Trifolium) | Borges et al. (2005)
(Fabricius 1787) Mediterranean,

Asia
Tychius (Tychius) stephensi phytophagous (spe) |Europe, ES-CAN N/A N/A (mp: Trifolium) | Machado and Oromi (2000)
Schonherr 1836* Mediterranean,

Asia
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Species countries

Tychius (Tychius) striatulus phytophagous (spe) | Mediterranean ES-CAN N/A N/A (mp: Ononis) Machado and Oromi (2000)

Gyllenhal 1836*

Cyclominae

Gronops fasciatus Kuster 1851* | phytophagous |Mediterranean | ES-CAN N/A  |Opuntia (N/A) | Machado and Oromi (2000)

Entiminae

Barynotus squamosus Germar 1824 | phytophagous Europe FO G N/A (N/A) N/A

Barypeithes (Exomias) pellucidus phytophagous Europe IS 1 Medicago (mp: Olafsson (1991)

(Boheman 1834) (rbw?) Medicago)

Cathormiocerus (Cathormiocerus) phytophagous Europe PT-AZO F5 Pittosporum? (N/A) Stiiben (2003)

curvipes (Wollaston 1854)

Otiorhynchus (Otiorhynchus) phytophagous (tbw) | Europe (Alps) DK, GB, MT, |12 N/A (pp: Acer, Camelia,| Heijerman et al. (2003), Hill

apenninus Stierlin 1883 NL, SE Prunus, Rhododendron) | et al. (2005), Runge (2008)

Otiorhynchus (Otiorhynchus) phytophagous (tbw) | Europe (central) | GB, SE 12, J4 N/A (Alnus) Borisch (1997), Hill et al.

armadillo (Rossi 1792) (2005)

Otiorhynchus (Nehrodistus) armatus | phytophagous (tbw) | Europe (southern) | SE J100 Fragaria, Vitis, Carduus,| Borisch (1997), Silfverberg

Boheman 1843 Rumex (N/A) (2004a), Silfverberg (2004b)

Otiorhynchus (Otiorhynchus) aurifer | phytophagous (tbw) | Mediterranean DK N/A N/A (N/A) Runge (2008)

Boheman 1843

Otiorhynchus (Pocodalemes) crataegi | phytophagous (rbw) | Europe, GB 12 N/A (Cyclamen) Hill et al. (2005)

Germar 1824 Mediterranean

Otiorhynchus (Nehrodistus) corruptor | phytophagous (tbw) | Europe (southern) | DE, DK, FR, |I Pyrus? (N/A) Barclay (2001), Lucht

(Host 1789) GB (1985), Palm (1996),
Valladares and Cocquempot
(2008)

Otiorhynchus (Arammichnus) phytophagous (rbw) | West ES-CAN, L] N/A (mp: Artemisia) Borges et al. (2005),

cribricollis Gyllenhal 1834 Mediterranean PT-AZO Machado and Oromi (2000),
Stiiben (2003)

Otiorhynchus (Arammichnus) phytophagous (rbw) | Europe (western) | DK, SE G, 12 N/A (N/A) Borisch (1997), Runge

dieckmanni Magnano 1979 (2008), Silfverberg (2004a),
Silfverberg (2004b)

8 1210’176/3 '(mpzouaz]nun:) ‘mﬂdoa]og) :.9]123g .él.lﬂg /’UMZ? 57_1(19%1

65C



Family / subfamily Feeding habits Native range Invaded Habitat |Hosts References
Species countries
Otiorhynchus (Padilehus) pinastri phytophagous (tbw) | Europe (eastern) |CH ] Vincetoxicum (N/A) Germann (2004)
(Herbst 1795)
Otiorhynchus (Zustalestus) phytophagous (tbw) | Europe, West PT-AZO N/A N/A (pp: Rumex, Base de dados da
rugosostriatus (Goeze 1777)* Mediterranean Dactylis, Trifolium...) | biodiversidade dos Acores
Otiorhynchus (Metopiorrhynchus) phytophagous (rbw) | Europe FO, IS 12 N/A (N/A) Olafsson (1991)
singularis (Linnaeus 1767)
Otiorhynchus (Dorymerus) sulcatus | phytophagous (rbw) | Europe PT-AZO F5 Pittosporum? (pp: Borges et al. (2005), Stiiben
(Fabricius 1775) Vitis....) (2003)
Philopedon plagiatum (Schaller phytophagous Europe, West PT-AZO I,G N/A (Ammophila) Borges et al. (2005)
1783) (rbw?) Mediterranean
Psallidium (Psallidium) maxillosum | phytophagous Europe SE I1 N/A (N/A) Lundberg (2006)
(Fabricius 1792) (southcentral,
southeastern)
Rhytideres (Rhytideres) plicatus phytophagous (rbw) | Mediterranean ES-CAN N/A N/A (pp: Resedaceae, |Machado and Oromi (2000)
(Olivier 1790)* Cruciferae)
Sitona (Charagmus) cachectus phytophagous (rbw) | West ES-CAN N/A N/A (mp: Astragalus) | Machado and Oromi (2000)
Gyllenhal 1834* Mediterranean
Sitona (Sitona) cinnamomeus Allard | phytophagous (rbw) | Mediterranean PT-AZO I,G N/A (op: Lotus, Borges et al. (2005)
1863 Trifolium, Fabaceae)
Sitona (Sitona) discoideus Gyllenhal |phytophagous (rbw) | Mediterranean ES-CAN, LG N/A (mp: Medicago) Borges et al. (2005),
1834 PT-AZO Machado and Oromi (2000)
Sitona (Charagmus) gressorius phytophagous (rtbw) | Mediterranean, ES-CAN, N/A N/A (mp: Lupinus) Base de dados da
(Fabricius 1792)* Asia PT-AZO biodiversidade dos Agores,
Machado and Oromi (2000)
Sitona (Sitona) lepidus Gyllenhal phytophagous (tbw) | Europe, PT-AZO L] N/A (op: Lotus, Borges et al. (2005)
1834 Mediterranean Trifolium, Fabaceae)
Sitona (Sitona) lineatus (Linnaeus | phytophagous (rbw) | Europe, ES-CAN, L] N/A (op: Fabaceae) Base de dados da
1758)* Mediterranean, PT-AZO biodiversidade dos Acores,
Asia Machado and Oromi (2000)
Sitona (Sitona) macularius phytophagous (tbw) | Europe, ES-CAN L] N/A (mp: Trifolium) Machado and Oromi (2000)
(Marsham 1802)* Mediterranean,

Asia
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Family / subfamily Feeding habits Native range Invaded Habitat |Hosts References
Species countries
Sitona (Sitona) ocellatus Kuster phytophagous (rbw) | Mediterranean ES-CAN N/A N/A (Fabaceae?) Machado and Oromi (2000)
1849*
Sitona (Sitona) puberulus Reitter phytophagous (tbw) | Mediterranean ES-CAN, L] N/A (mp: Lotus) Borges et al. (2005),
1903 PT-AZO, Hoffmann (1950), Machado
PT-MAD and Oromi (2000), Stiiben
(2003)

Sitona (Sitona) puncticollis Stephens | phytophagous (rbw) | Europe, FO, PT-AZO |1 N/A (op: Trifolium, Borges et al. (2005)
1831 Mediterranean, Melilotus?)

Asia
Sitona (Charagmus) variegatus phytophagous (rtbw) | West ES-CAN N/A N/A (mp: Astragalus) | Machado and Oromi (2000)
Fihraeus 1840* Mediterranean
Strophosoma (Strophosoma) phytophagous Europe PT-AZO G, 12 |N/A (pp: Rumex, Borges et al. (2005)
melanogrammum melanogrammum | (tbw?) Aira...)
(Forster 1771)
Trachyphloeus (Trachyphloeus) phytophagous Europe ES-CAN N/A N/A (N/A) Machado and Oromi (2000)
angustisetulus Hansen 1915* (rbw?)
Trachyphloeus (Trachyphloeus) phytophagous Mediterranean ES-CAN N/A Mercurialis, Bidens Machado and Oromi (2000)
laticollis Boheman 1843* (rbw?) (N/A)
Trachyphloeus (Trachyphloeus) phytophagous (rbw) | Europe, Asia ES-CAN N/A N/A (mp: Cynodon) Machado and Oromi (2000)
spinimanus Germar 1824*
Hyperinae
Coniatus (Coniatus) tamarisci phytophagous Mediterranean ES-CAN N/A N/A (mp: Tamarix) Machado and Oromi (2000)
(Fabricius 1787)*
Donus (Antidonus) lunatus phytophagous (Ibw) | Europe, ES-CAN E N/A (op: Geraniaceae) |Machado and Oromi (2000)
(Wollaston 1854)* Mediterranean,

Asia
Hypera (Hypera) melancholica phytophagous (Ibw) | Europe, ES-CAN L] N/A (op: Medicago, Machado and Oromi (2000)
(Fabricius 1792)* Mediterranean, Trifolium)

Asia
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Hypera (Hypera) nigrirostris phytophagous (Ibw) | Europe, ES-CAN E, ] N/A (op: Ononis, Machado and Oromi (2000)

(Fabricius 1775)* Mediterranean, Trifolium)

Asia

Hypera (Hypera) ononidis (Chevrolat| phytophagous (Ibw) | Europe, West ES-CAN E N/A (mp: Ononis) Machado and Oromi (2000)

1863)* Mediterranean

Hypera (Hypera) postica (Gyllenhal | phytophagous (Ibw) | Europe, ES-CAN, L] N/A (op: Fabaceae) Borges et al. (2005),

1813) Mediterranean, PT-AZO Machado and Oromi (2000)

Asia

Lixinae

Coniocleonus excoriatus (Gyllenhal | phytophagous Europe, ES-CAN, N/A N/A (N/A) Base de dados da

1834)* Mediterranean PT-AZO biodiversidade dos Acores,
Machado and Oromi (2000)

Coniocleonus variolosus (Wollaston | phytophagous West ES-CAN N/A N/A (N/A) Machado and Oromi (2000)

1864)* Mediterranean

Conorhynchus (Pycnodactylus) phytophagous (rbo) | Mediterranean, ES-CAN B N/A (op: Machado and Oromi (2000)

brevirostris (Gyllenhal 1834)* Africa Chenopodiaceae)

Conorhynchus (Pycnodactylus) phytophagous Mediterranean ES-CAN N/A N/A (N/A) Machado and Oromi (2000)

conicirostris (Olivier 1807)*

Lixus (Compsolixus) anguinus phytophagous (her) | West ES-CAN E? N/A (op: Cheiranthus, |Machado and Oromi (2000)

(Linnaeus 1767)* Mediterranean Sinapis)

Lixus (Eulixus) brevirostris Boheman | phytophagous (her) | West ES-CAN N/A N/A (mp: Atriplex) Machado and Oromi (2000)

1835* Mediterranean

Lixus (Epimeces) filiformis (Fabricius | phytophagous (her) |Europe, ES-CAN L] N/A (mp: Carduus) Machado and Oromi (2000)

1781)* Mediterranean

Lixus (Compsolixus) juncii Boheman | phytophagous (her) | Mediterranean, ES-CAN N/A N/A (op: Machado and Oromi (2000)

1835* Asia Chenopodiaceac)

Lixus (Dilixellus) linearis Olivier phytophagous (her) |Europe, ES-CAN L] N/A (mp: Rumex) Machado and Oromi (2000)

1807* Mediterranean

Lixus (Dilixellus) pulverulentus phytophagous (her) |Europe, Asia, ES-CAN N/A N/A (op: Malvaceae, Machado and Oromi (2000)

(Scopoli 1763)* North Africa Fabaceae)
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Family / subfamily Feeding habits Native range Invaded Habitat |Hosts References
Species countries
Rhinocyllus conicus (Froelich 1792) | phytophagous (spe) | Europe, LT, LV, SE E, I N/A (op: Carduus, Gillerfors (1988), Lundberg
Mediterranean Cirsium, Galactites, (20006)
Cynara...)
Mesoptiliinae
Magdalis (Magdalis) memnonia phytophagous (her) |Europe, GB G3 Pinus (mp: Pinus) Hill et al. (2005)
(Gyllenhal 1837) Mediterranean,
Asia
Molytinae
Anisorhynchus hespericus phytophagous Europe ES-CAN N/A N/A (N/A) Machado and Oromi (2000)
Desbrochers 1875* (southwestern)
Ita crassirostris Tournier 1878* phytophagous Europe (southern) | ES-CAN N/A N/A (N/A) Machado and Oromi (2000)
Liparus (Liparus) glabrirostris Kiister | phytophagous Europe (Alps) DK G N/A (mp: Heraclewm) |Hansen (1996)
1849
Pissodes (Pissodes) castaneus (De phytophagous (phl) |Europe, ES-CAN, G N/A (mp: Pinus) Base de dados da
Geer 1775)* Mediterranean, PT-AZO biodiversidade dos Acores,
Asia Machado and Oromi (2000)
Scolytinae
Chaetoptelius vestitus (Mulsant & | phytophagous (phl) | Mediterranean, ES-CAN G1,12 | Laurus (pp: Pistacia, Schedl et al. (1959)
Rey 1860)* Asia Cotinus, Olea, Smilax)
Crypturgus subcribrosus Eggers 1933 | phytophagous (phl) |Europe (central, |GB G3 Picea (op: Pinus, Abies, | Alexander (2002)
eastern) Picea)
Dendroctonus micans (Kugelann phytophagous (phl) | Europe, Asia GB G3 Picea (mp: Picea) Alexander (2002), Hill et al.
1794) (2005)
Dryocoetes villosus (Fabricius 1792)* | phytophagous (phl) | Europe, West ES-CAN, Gl Laurus (pp: Laurus, Schedl (1963), Schedl et al.
Mediterranean PT-MAD Alnus) (1959)
Hylastes angustatus (Herbst 1793) | phytophagous (phl) | Europe (southern, | GB G3 Pinus (mp: Pinus) Alexander (2002)
central), Asia
Hylastes ater (Paykull 1800) phytophagous (phl) | Europe, Asia GB, PT-AZO |G3,12 | Pinus (mp: Pinus) Alexander (2002), Bright

(1987)
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Hylastes attenuatus Erichson 1836 | phytophagous (phl) |Europe, GB, PT-AZO, |G3 Pinus (mp: Pinus) Alexander (2002), Bright
Mediterranean, PT-MAD (1987), Mandelshtam et al.
Asia (2006)

Hylastes cunicularius Erichson 1836 | phytophagous (phl) | Europe, Asia GB G3 Picea (mp: Picea) Alexander (2002)

Hylastes linearis Erichson 1836* phytophagous (phl) | Europe, West ES-CAN, G3 Pinus (mp: Pinus) Schedl (1963), Schedl et al.
Mediterranean PT-MAD (1959)

Hylastinus obscurus (Marsham phytophagous (phl, | Europe, West ES-CAN, F5,F7 | Cytisus, Laurus, Schedl (1963), Schedl et al.

1802)* rbo) Mediterranean PT-MAD Castanea (op: Trifolium, | (1959)

Fabaceae);

Hylurgops palliatus (Gyllenhal 1813) | phytophagous (phl) | Europe, GB G3 N/A (op: Pinaceae) Alexander (2002)
Mediterranean,
Asia

Hylurgus ligniperda (Fabricius phytophagous (phl) |Europe, ES-CAN, G3 Pinus (mp: Pinus) Bright (1987), Schedl

1787)* Mediterranean, PT-AZ0, (1963), Schedl et al. (1959)
Asia PT-MAD

Hypoborus ficus Erichson 1836* phytophagous (phl) | Europe, West ES-CAN, 12 Echium, Ficus (mp: Bright (1987), Schedl
Mediterranean PT-AZ0O, Ficus) (1963), Schedl et al. (1959)

PT-MAD
Ips cembrae (Heer 1836) phytophagous (phl) |Europe (central) |DK, GB,NL |G3 Larix (op: Larix, Pinus | EPPO (2005), Hill et al.
cembra) (2005), Stauffer et al. (2001)

Ips duplicatus (Sahlberg 1836) phytophagous (phl) | Europe AT, BE, SK G3 Picea abies (mp: Picea) |Essl and Rabitsch (2002),
(northeastern, OPIE (2002), Piel et al.
Russia) (2006)

Orthotomicus erosus (Wollaston phytophagous (phl) |Europe, PT-MAD G3 Pinus (mp: Pinus) Schedl (1963)

1857)* Mediterranean,
Asia

Phloeosinus armatus Reitter 1887 phytophagous (phl) | Mediterranean IT FA, G5 | Cupressus (op: Covassi (1991)
(eastern) Cupressaceae)

Phloeosinus aubei (Perris 1855)° phytophagous (phl) | Europe, West ES-CAN, NL |G3 Juniperus (op: Moraal (2006), Oromi and
Mediterranean Cupressaceae) Garcia (1995)
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Phloeosinus thujae (Perris 1855) phytophagous (phl) | Europe, West ES-CAN, GB |FA, G5 | Juniperus (op: Alexander (2002), Machado
Mediterranean Cupressaceae) and Oromi (2000)

Phloeotribus caucasicus Reitter 1891 | phytophagous (phl) |Europe (eastern), |AT, CZ, FR FA, G5 | Fraxinus (mp: Fraxinus) | Bouget and Noblecourt
Asia (2005), Essl and Rabitsch

(2002), Schott and Callot
(1994)

Phloeotribus cristatus (Fauvel 1889)* | phytophagous (phl) | West ES-CAN F5,F7 | N/A: Fabaceae? (op: Machado and Oromi (2000)
Mediterranean Fabaceae)

Phloeotribus rhododactylus phytophagous (phl) | Europe, West PT-MAD F5,F7 | Cytisus (op: Fabaceae) | Schedl (1963)

(Marsham 1802)* Mediterranean

Phloeotribus scarabaeoides (Bernard | phytophagous (phl) |Europe, West ES-CAN 12 N/A: Oleaceae? (op: Machado and Oromi (2000)

1788)* Mediterranean Oleaceae)

Pityophthorus traegardhi Spessivtseff | phytophagous (phl) |Europe AT G3 Picea (mp: Picea) Holzschuh (1994)

1921 (northern), Asia

Polygraphus poligraphus (Linnaeus | phytophagous (phl) |Europe (central, |GB G3 N/A (op: Pinaceae) Alexander (2002)

1758) northern, eastern)

Pteleobius kraatzii (Eichhoff 1864)* | phytophagous (phl) | Europe, West ES-CAN 12, G1, |N/A: Ubnus? (mp: Pfeffer (1995)
Mediterranean G5, FA | Ulmus)

Scolytus amygdali Guérin-Méneville | phytophagous (phl) | Europe, ES-CAN 12 Prunus (op: Rosaceae | Israelson (1969)

1847* Mediterranean, trees)
Asia

Scolytus laevis Chapuis 1869 phytophagous (phl) | Europe GB G1, G5, | Ulmus (mp: Ulmus) Hill et al. (2005)

12
Scolytus pygmaeus (Fabricius 1787) | phytophagous (phl) | Europe GB G1, 12, | Ubnus (mp: Ubmus) Hill et al. (2005)
FA, FB

Scolytus rugulosus (Muller 1818)* phytophagous (phl) |Europe, PT-AZO 12 N/A (op: Rosaceae Bright (1987)
Mediterranean, trees)
Asia

9

been examined by Kirkendall, and they belong to the common Mediterranean species 2 aubei.

This species was incorrectly reported from the Canary Islands (Orom{ and Garcia 1995) as P, gillerforsi Bright, an Azores endemic. Specimens so identified have
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Tomicus destruens (Wollaston phytophagous (phl) | Europe, Asia PT-MAD G3,12 | Pinus (mp: Pinus) Schedl (1963)

1865)"°

Xyleborinus saxesenii (Ratzeburg phytophagous Europe, ES-CAN, 12 Laurus, Pinus, Castanea | Bright (1987), Schedl et al.

1837)"! (xmp) Mediterranean, PT-AZ0, (pp: broadleaves, (1959)
Asia PT-MAD conifers)

Dryophthoridae

Sphenophorus meridionalis Gyllenhal | phytophagous West ES-CAN E6 N/A (N/A) Machado and Oromi (2000)

1838 (rbo?) Mediterranean

Erirhinidae

Procas armillatus (Fabricius 1801)* | phytophagous Europe, ES-CAN N/A N/A (N/A) Machado and Oromi (2000)
Mediterranean

Nanophyidae

Dieckmanniellus nitidulus phytophagous (her) |Europe, ES-CAN N/A N/A (mp: Lythrum) Machado and Oromi (2000)

(Gyllenhal 1838)* Mediterranean

Nanodiscus transversus (Aube 1850) | phytophagous (spe) | West ES-CAN N/A N/A (op: Juniperus, Machado and Oromi (2000)
Mediterranean Cupressus)

Nemonychidae

Cimberis attelaboides (Fabricius phytophagous (spe) | Europe, GB G3 Pinus sylvestris (mp: Duff (2008)

1787) Mediterranean, Pinus sylvestris)
Asia

10

time we think all records correspond to T destruens

" This species has been improperly recorded in the Canary Islands as Xyleborus xylographus. Xyleborus xylographus (Say 1826), an oak specialist from the eastern
United States, does not occur in any recent collections from the archipelago (or elsewhere in Europe), whereas X. saxesenii does (Kirkendall, unpublished data).
The presence of X. xylographus on all Canary Islands species lists (Schedl et al. 1959, Oromi and Garcia 1995, Machado and Oromi 2000, Izquierdo et al. 2004),
and the absence of X. saxesenii, seems to stem from an early mistaken treatment of X. saxesenii as a junior synonym of X. xylographus (Schedl 1970). To verify this,

Early records from Madeira refer to 7. piniperda, but specimens collected by Kirkendall in 1999 are 7. destruens; as the two species had been mixed up for a long

Kirkendall located one specimen recently determined as X. Xylographus (Oromi and Garcia 1995), and confirmed that it is X. saxesenii.
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Abstract

The inventory of the leaf and seed beetles alien to Europe revealed a total of 25 species of which 14 seed
beetles (bruchids) and 11 leaf beetles mostly belonging to the subfamilies Alticinae and Chrysomelinae. At
present, aliens account for 9.4% of the total fauna of seed beetles in Europe whereas this percentage is less
than 1% for leaf beetles. Whilst seed beetles dominated the introductions in Europe until 1950, there has
been an exponential increase in the rate of arrival of leaf beetles since then. New leaf beetles arrived at an
average rate of 0.6 species per year during the period 2000-2009. Most alien species originated from Asia
but this pattern is mainly due to seed beetles of which a half are of Asian origin whereas leaf beetles pre-
dominantly originated from North America (36.4%). Unlike other insect groups, a large number of alien
species have colonized most of Europe. All but one species have been introduced accidentally with either
the trade of beans or as contaminants of vegetal crops or stowaway. Most aliens presently concentrate in
man-made habitats but little affect natural habitats (<6%). Highly negative economic impacts have been

recorded on stored pulses of legumes and crops but very little is known about possible ecological impact.
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8.3.1 Introduction

The family Chrysomelidae is one of the largest Coleopteran families, including ca. 37
000 described species in the world and perhaps the same number as yet undescribed
(Jolivet and Verma 2002). Bruchidae, or seed beetles, is a relatively small family. King-
solver (2004), referring to the most recent world catalogue, mentions 1,346 valid
bruchid species. Although there are good arguments to treat Bruchidae as a subfamily
of Chrysomelidae and raise some leaf beetle subfamilies to family rank (Reid 1995),
this is still not common practice among leaf beetle researchers. We treat Bruchidae and
Chrysomelidae in this contribution as families, merely for practical reasons. According
to Fauna Europaea, the fauna presently observed in Europe includes 1532 leaf beetles
and 145 seed beetles.

Except for important agricultural pests such as the Colorado potato beetle, Lepri-
notarsa decemlineata, and more recently, the western corn rootworm, Diabrotica vir-
gifera virgifera, little was known about introductions of alien leaf beetles until Beenen
(2000) revealed that 126 species have been translocated at least once from one con-
tinent to another. More information on alien seed beetles has been available in the
literature mainly because of their potential impact on stored products (Southgate
1979). In the present work, we will show that 25 non-native species of leaf and seed
beetles of which one is of unknown origin (cryptogenic) have already established in
Europe (Table 8.3.1). Thus, aliens still represent only a very small proportion (1.5%)
of the total fauna of leaf and seed beetles in Europe. By comparison, approximately
71 alien leaf beetle species have been recorded from North America (Beenen 2006,
Beenen, unpubl.).

Within Europe, changes in the distribution of native leaf beetles have also been
noticed which can be partly associated either to human activity or to natural trends
such as delayed post-glacial expansion and global warming. For example, the recent
northwards expansion of a flea beetle, Longitarsus dorsalis, seems to result from both
the introduction of a rapidly expanding invasive plant originating from South Af-
rica, Senecio inaequidens DC., on which L. dorsalis thrives (Beenen 1992), and from
increasing temperatures during the past years. However, the role of human activity
is often difficult to ascertain in such observed range expansions of native species.
We will essentially consider the species alien 70 Europe, a summary of the species
alien in Europe (Table 8.3.2) and will present their characteristics at the end of the
chapter.

8.3.2 Taxonomy

A total of 25 alien species of which 14 seed beetles and 11 leaf beetles have been
recorded as established in Europe (Table 8.3.1). Thus, bruchids represent more than
a half (56.0%) of the alien species whereas they account for only 8.1% of the native
fauna of seed and leaf beetles (Figure 8.3.1). This arrival of alien seed beetles has
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Figure 8.3.1. Comparison of the relative importance of the subfamilies of Chrysomelidae and Bruchidae
in the alien and native entomofauna in Europe. Subfamilies are presented in a decreasing order based on
the number of alien species. The number right to the bar indicates the number of species per family.

significantly modified the composition of the total fauna of seed beetles observed
in Europe, where aliens account for 9.4% at present. The pattern is rather different
for Chrysomelidae. Although this family includes 13 subfamilies in Europe the alien
entomofauna is only distributed among five of these subfamilies. Large differences
are observed in the contribution of each subfamily without any apparent correlation
to its numerical importance in the native fauna. The recent arrival in France of an
alien palm hispine beetle, Pistosia dactylifera (Drescher and Martinez 2005), largely
modified the composition of the Hispinae subfamily which includes only three native
species (Fauna Europaea 2009). However, aliens represent much less so for the two
major subfamilies of leaf beetles, Alticinae flea beetles (four species- 0.7% of the total)
and Chrysomelinae (four species- 1.3% of the total). Other alien species include one
skeletonizing leaf beetle (Galerucinae) and one tortoise leaf beetle (Cassidinae). The
same subfamily pattern is observed for translocations of leaf beetles at world level
but Beenen (2006) also noticed other species belonging to Hispinae (e.g. Brontispa
palm leaf beetles) and Criocerinae. It is noticeable that representatives from some
important subfamilies such as Cryptocephalinae and Donaciinae have never been
introduced, or never established at least.

Leaf beetles and seed beetles largely differ in biological traits that may be involved
in the relative success of seed beetle invaders compared to other groups. Seed beetles
have several ways of egg-laying. Most species deposit their eggs on mature pods of
legumes (Fabaceae), the eggs being cemented to the pod or dropped in a self- made
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hole in the pod wall. Other species lay eggs on mature seeds that are still attached to
the inside of a partly opened pod. A third group of species oviposit on mature seeds
that have fallen to the ground from a fully dehisced pod. However, some species such
as Acantoscelides obtectus use different life history strategies. Early in the season in this
species, oviposition occurs on green pods of Phaseolus, while later in the season, the
eggs are deposited on mature seeds that have fallen to the ground. These biological
features make A. obtectus fully capable of completing cycle after cycle on naked seeds in
storage (Kingsolver 2004). The larvae of seed beetles entirely develop within the seeds
until pupation and their presence cannot be recognized before adult emergence, unless
the seed is X-rayed.

In contrast, leaf beetles show a large variety of reproductive traits. Many Galeruci-
nae (e.g., Diabrotica species) and Alticinae larvae (e.g., Epitrix species) develop in or at
the roots of plants and adults feed from leaves of a specific host plant or a wide variety
of plant species. Other Chrysomelidae feed both as larva and adult externally on leaves
of their host plants. Although practically no plant species is free of leaf beetles, most
leaf beetles need fresh plant products in all or at least in the adult stage. Stored dry
plant products are not suitable for leaf beetles to complete their life cycle.

8.3.3 Temporal trends

Chrysomelids probably began to be introduced thousands of years ago. It is likely
that leaf beetles associated with crops have taken the same route as herbs associated
with cereals which are supposed to have entered Europe from the Near East (Pinhasi
et al. 2005). Beenen (2006) argued that the combination of Buglossoides arvensis (L.)
Johnston and Longitarsus fuscoaeneus Redtenbacher 1849 might have taken the route
from southwest Asia where they spread with agriculture to large parts of the temper-
ate parts of the Northern hemisphere. Thus, a number of species which are at present
considered as native may indeed be originally alien. Bruchidae must have infested
pulses grown by man since the dawn of agriculture. Southgate (1979) also mentioned
infestations of lentils from the Egyptian Ptolemaic period (305 BC — 30 BC). Rela-
tively little is known of these ancient introductions. More recent ones are much better
documented as in the case of the potato Colorado beetle (Leptinotarsa decemlineata)
(see factsheet 14.10).

From a global point of view, new records of alien species in Europe were relatively
important during the 2" half of the 19 century, due to seed beetle species. The most
important being Acanthoscelides obtectus, Callosobruchus chinensis and C. maculatus.
However, these species may have been introduced well before their first record. Since
ca. 1900, the rate of seed and leaf beetle introductions severely decreased until 1975
when it began to increase again with globalization, essentially through the arrival of
leaf beetles. The last seven years since 2000 corresponded to an acceleration of intro-
ductions, with an average of 0.8 new species of Chrysomelidae per year, again mostly
leaf beetles (Figure 8.3.2)
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Figure 8.3.2. Temporal changes in the mean number of new records per year of seed and leaf beetle spe-

cies alien 70 Europe from 1800 to 2009. The number right to the bar indicates the total number of seed

and leaf beetle species recorded per time period.

8.3.4 Biogeographic patterns

Asia supplied the major proportion of the alien seed and leaf beetles that have estab-
lished in Europe (Figure 8.3.3). However, this pattern is mainly due to seed beetles of
which a half are of Asian origin whereas leaf beetles predominantly originated from
North America (36.4%). No seed and leaf beetle species of Australasian origin have yet
established in Europe.

Alien species are not evenly distributed in Europe, and leaf and seed beetles do not
show the same pattern of expansion. Half of the alien seed beetles have colonized more
than ten countries with four of them present in more than 50 countries and the main
islands of Europe. In contrast, 63.6% of the alien leaf beetles have not yet spread out of
the country where they have been initially introduced. Only two species, Leptinotarsa
decemlineata and Diabrotica virgifera, are presently encountered in 38 and 20 countries
respectively (EPPO 2009, Godollo University 2004, Grapputo et al. 2005, Purdue
University 2008) (see maps in the spreadsheets 8 and 10). Owing to climate change, L.
decemlineata may extend its range to Finland (Valosaari et al. 2008).

Alien seed and leaf beetles appear to be concentrated in southern Europe with 18
species observed in mainland Italy and more than 10 species in continental France
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Figure 8.3.3. Comparative origin of seed and leaf beetle species alien 70 Europe

and mainland Greece. Central Europe usually hosts less than 10 species except Czech
Republic (11 species), whereas aliens have been little recorded in Northern Europe

(Figure 8.3.4).

8.3.5 Main pathways and vectors to Europe

All alien species of seed and leaf beetle except one (i.e., 95.7%) have been introduced
accidentally to Europe. Unlike North America and South Africa, where a number of
alien species were released for biological control of weeds (Beenen 2006), only the rag-
weed leaf beetle, Zygogramma suturalis, has been intentionally introduced from North
America for the biological control of common ragweed, Ambrosia artemisifolia L., since
1978 in Russia (Reznik et al. 2004) and several countries of southeastern Europe, and
subsequently established in the wild especially in the Caucasus (Kovalev 2004). A flea
beetle native of Continental Europe, Altica carduorum (Guérin- Méneville), has also
been introduced in Britain and Wales in 1969-1970 to control creeping thistles, Cir-
sium arvense (L.) Scop. but none apparently established (Baker et al. 1972, Cox 2007).
Although it is difficult to ascertain the exact pathway of introduction for most of the
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other species introduced accidentally, the general behaviour of chrysomelids suggests
that most introductions are related to trade of plants and stored products, although
some may have arrived as stowaways in all forms of packaging and transport, or even
as wind-borne organisms.

The world trade of beans for agricultural purposes is probably responsible for the
nowadays wide distribution in Europe of most alien species of seed beetles, such as
Acanthoscelides obtectus, Bruchus species Callosobruchus species and Zabrotes subfasciatus
(Figure 8.3.8) which develop in legume seeds of the subfamily Papilionoideae (Phaseo-
lus, Lathyrus, Pisum, Vicia) (Bshme 2001, Kingsolver 2004). However, the arrival of
other seed beetles of the genera Bruchidius, Caryedon, Megabruchidius and Mimosestes
seems to be more related to the trade in legume tree seeds of Mimosoideae (Albizzia,
Acacia) and Caesalpinoideae (Cassia, Cercis, Tamarindus) used as ornamentals in parks
and gardens. Megabruchidius tonkineus was at first suspected to have been introduced
from Vietnam to Germany with white beans (Wendt 1980) but it was later found to



274 Ron Beenen ¢& Alain Roques / BioRisk 4(1): 267-292 (2010)

be associated with pods of honey locust trees, Gleditsia triacanthos L. (Papilionoideae),
and not capable of complete development in beans (Guillemaud et al. 2010). Similarly,
Acanthoscelides pallidipennis was probably introduced with seeds of false indigo bush
(Amorpha fructicosa L., Papilionoideae) (Tuda et al. 2006) and Bruchidius siliquastri
with these of redbuds (Cercis; Caesalpinoideae) from China (Kergoat et al. 2007).
Seeds imported for ornamental purposes may also serve as the vector of seed beetles.
Specularius impressithorax (Pic) sustained several generations indoors in the Nether-
lands after having been introduced from South Africa along with seeds of Erythrina
(Papilionoideae) used for decoration, but did not eventually establish (Heetman and
Beenen 2008) (Figure 8.3.7).

Most alien leaf beetles are associated with vegetable crops (Solanaceae, Brassicace-
ae, Gramineae including maize). With both larvae and adults feeding on foliage, these
species probably entered Europe as plant contaminants (eggs, larvae) or crop contami-
nants (adults). The Colorado potato beetle has frequently been intercepted with potato
plants and tubers, but also in all forms of packaging and transport. For example, it
usually arrived to Great Britain with commercial freight among vegetable crops such
as lettuce, Lactuca sativa L., or on ships, aircraft or private cars traveling from the con-
tinent (Cox 2007). Indeed, fresh vegetables grown on land harbouring overwintering
beetles are common means of beetle transport in international trade (Bartlett 1980).
The African tortoise beetle Aspidimorpha fabricii (= A. cincta Fabricius) was believed
to be imported in Italy as a contaminant of bananas in the late 1950s but it became
a problem in cultures of Beta vulgaris L. (Zangheri 1960). A hispine palm leaf beetle,
Pistosia dactyliferae was also probably introduced as a contaminant of palms imported
for ornamental purposes (Drescher and Martinez 2005).

The means of introduction appears different when larvae are root-feeding as in
Diabrotica and Epitrix species. Unless soil infested with larvae has been imported with
host plants, which is usually prohibited, these species probably travel as stowaways.
The western corn rootworm, Diabrotica virgifera virgifera, proved to have been trans-
located from North America to Europe at least three times in aircraft laden with goods
and materials, but probably not with maize plants (Ciosi et al. 2008, Miller et al.
2005). The outbreaks in Northwestern Italy and Central Europe probably resulted
from introductions of individuals originating in northern USA (Delaware) (Guille-
maud et al. 2010).

However, another pest species related to tobacco, Epitrix hirtipennis, is assumed to
have arrived in Europe as aerial plankton with easterly trade winds blowing from the
New World to Europe (Déberl 1994b). Similarly, Jolivet (2001) reported the translo-
cation of the Sweet potato flea beetle, Chaetocnema confinis Crotch, from the USA to
several tropical destinations by hurricanes. Adults of Colorado potato beetle are also
assumed to be capable of migrating across the Channel although this beetle does not
fly strongly (Cox 2007) or from Russia (the St Petersburg region) to Finland (Grap-
puto et al. 2005).

The collection and trade of orchids for greenhouses has also resulted in the arrival
of several species which caused severe damage without persisting such as a flea beetle,
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Acrocrypta purpurea Baly, a species from Southeast Asia which was accidentally intro-
duced with plant collections into a greenhouse of Leiden University in the Netherlands
(Doberl 1994a). Likewise, larvae of a criocerine species, the yellow orchid beetle Lema
pectoralis Baly, were imported to the Netherlands with an orchid collected in 1988
in Thailand (Beenen, unpubl.). Originating of the Peninsula Malaysia and Singapore
(Mohamedsaid 2004), L. pectoralis is a major pest (‘orchid lema’) of orchid cultures,
particularly Vanda and Dendrobium, in the Philippines (de la Cruz 2003).

Pathways within Europe are a source of particular concern because of the waiver of
formerly routine phytosanitary inspections on goods transported within the European
Union. Thus, alien species once introduced into one European country along with
alien plants or seeds, can freely move to other European countries. Spread may com-
bine long-distance, human-mediated dispersal and natural dispersal by adult flight, as
it is the case for Leptinotarsa decemlineata (Grapputo et al. 2005). Another significant
example is the present northwards expansion of a species alien in Europe, Chrysolina
americana. This leaf beetle originates from the Mediterranean Basin where it is as-
sociated to Rosmarinus and Lavendula. Because both plants are popular garden plants
throughout Europe, C. americana has been translocated outside its native range along
with its host plants, e.g. to the Netherlands along with potted Lavendula plants im-
ported from Italy (Beenen, unpubl.). Once introduced, this species, which has good
flight capacities, disperses naturally by flight.

8.3.6 Most invaded ecosystems and habitats

All alien Chrysomelidae are phytophagous. As expected from the numerical impor-
tance of Bruchidae within aliens, seeds constitute the most important larval feeding
niche (56.0%), far more important than leaves (24.0%) and roots (20.0%). Almost
all these species are only present in man-made habitats which represent 94.1% of the
colonized habitats, essentially agricultural lands, parks and gardens, glasshouses, and
warehouses for seed beetles (Figure 8.3.5). Natural and semi-natural habitats have been
very little colonized yet.

In addition to these strong habitat trends, about 40% of the alien chrysomelid
species remain strictly related to their original, alien plants. This is especially true for
leaf beetles, where only Epitrix hirtipennis out of the 11 alien species has been observed
to shift onto native Solanaceae in Italy (Beenen 2006). In contrast, most alien seed
beetles found outdoors have already switched to seeds of native plants, for example
Bruchidius siliquastri on the native redbud, Cercis siliquastrum, in France (Kergoat et
al. 2007), and Acanthoscelides obtectus and Callosobruchus chinensis on wild legumes
(Tuda et al. 2001). Under outdoor conditions, a strict dependency to the original alien
host was only observed for two Megabruchidius species, M. tonkineus and M. dorsalis,
associated with seeds of honey locust tree, Gleditsia triacanthos, in parks and gardens.
However, a number of seed beetle species still confined to greenhouses and warehouses
only develop on alien hosts of tropical origin, such as Caryedon serratus associated with
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Figure 8.3 5. Main European habitats colonized by the established alien species of Chrysomelidae and
Bruchidae. The number over each bar indicates the absolute number of alien species recorded per habitat.

Note that a species may have colonized several habitats.

groundnuts (Arachis hypogaea L.), tamarind (Zamarindus indica L.) and other seeds of
alien Caesalpinioideae (Kingsolver 2004). Such species still cannot establish outdoors
because none of their alien hosts can survive in the wild at the present time.

8.3.7 Ecological and economic impact

Threats due to alien chrysomelid species were first pointed out by Linnaeus in a lecture
in 1752, referring to his observation of asparagus plants (Asparagus officinalis L.) that
were heavily infested in the vicinity of Hamburg by Crioceris asparagi, a species intro-
duced from Russia at this time (Aurivillius 1909).

Alien chrysomelid species are better known for their economic impact than for
their ecological impact. Indeed, possible ecological impacts on native flora and fauna
are very little documented. Positive impact can be appreciated for only one alien spe-
cies, Zygogramma suturalis, a strict monophagous species deliberately introduced to
Europe for the control of the invasive ragweed (cf above).

Negative economic impacts have been recorded in seven of the alien seed bee-
tle species which may severely affect stored pulses of economically-important legumes
(Acanthoscelides obtectus, A. pallidipennis, Bruchus pisorum, B. rufimanus, Callosobruchus
chinensis, C. maculatus, C. phaseoli, and Zabrotes subfasciatus; see (Borowiec 1987, Hoff-
mann et al. 1962)). Most of them are capable of re-infesting stored legumes until the
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food reserves are exhausted. In leaf beetles, large economic impacts have been shown for
the Colorado potato beetle, L. decemlineara, affecting potato crops (see factsheet 14.10)
and the western corn rootworm, D. virgifera virgifera affecting maize roots and foliage
(see factsheet 14.8). However, It must be stressed that economic damage has only been
seen on maize in Serbia, and in some bordering areas in Croatia, Hungary, Romania,
and small areas in Bosnia-Herzegovina and Bulgaria (EPPO 2009). In the United King-
dom, yield losses to be expected from the arrival and spread of D. virgifera virgifera have
been estimated to range from 0.9 to 4.1 million € over 20 years in absence of obligatory
campaign to prevent spread of western corn rootworm but the costs of such a campaign
could also range from 3.7 to 10.5 million € (Central Science Laboratory 2007). Epitrix
hirtipennis may also impact tobacco crops (Sannino et al. 1984, Sannino et al. 1985) as
well as E. cucumeris these of potato and tomato (Borges and Serrano 1989), and Phae-
don brassicae the cabbage crops (Limonta and Colombo 2004). Alien foliage-feeding
chrysomelids may also act as vectors for plant diseases, for example D. virgifera which
transmits several cowpea virus strains in North America (Lammers 2006). However,
lictle is yet known in this field (Jolivet and Verma 2002). Besides such economic dam-
age, aesthetic impacts are recorded on ornamental plants, such as these of the leaf beetle
Pistosia dactylifera on palm trees in southern France (Drescher and Martinez 2005).

8.3.8 Expected trends

Introduction of alien chrysomelids is still an ongoing process, especially through the
trade of ornamentals via garden centers. For example, an alien species of the genus
Luperomorpha was recently imported to Europe. L. xanthodera, originating from
China, was first found in Great Britain feeding in flowers of several plant species in
garden centers (Johnson and Booth 2004). Later it was observed in Switzerland (F
Kahler, personal communication), Germany (Déberl and Sprick 2009) and the Neth-
erlands (Beenen et al. 2009), and also in garden centers, especially on rose flowers
(Figure 8.3.6). Other alien specimens of Luperomorpha observed in Italy (Conti and
Raspi 2007) and France (Doguet 2008) were first identified as L. nigripennis, from In-
dia and Nepal, but finally identified as L. xanthodera (Doberl and Sprick 2009). Plants
cultivated in the Mediterranean area, then transported without severe pest control and
sold in Central, Western and Northern Europe also constitute a serious threat for the
expansion of species alien iz Europe. The risks associated to this pathway were esti-
mated for Norway (Staverlokk and Saethre 2007).

Species originating from subtropical and tropical regions have also been translocated
such as Aspidimorpha nigropunctata (Klug) from tropical Africa to The Netherlands and
Macrima pallida (Laboissi¢re) from the Himalayan region to Cyprus. These introduc-
tions usually have not led to establishment (Beenen 2006). However, they do indicate a
potential risk, especially in the context of global warming which may facilitate establish-
ments of such species in the near future. The arrival in southern Europe of additional
species associated with ornamental palms such as the hispine leaf beetle, Brontispa longis-
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Figure 8.3.6. Adult of alien flea beetle, Luperomorpha xanthodera (Credit: Urs Rindlisbacher- Foto:

www.insektenwelt.ch)

Figure 8.3.7. Adult of alien seed beetle, Specularius impressithorax; a- dorsal view; b- lateral view (credit:
C. van Achterberg; photo taken using Olympus stereomicroscope SZX12 with AnalySIS Extended Focal
Imaging software).
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Figure 8.3.8. Adult of Mexican bean weevil, Zabrotes subfasciatus. a- dorsal view; b- lateral view (credit:
C. van Achterberg; photo taken using Olympus stereomicroscope SZX12 with AnalySIS Extended Focal
Imaging software)

sima (Gestro), already invasive in other parts of the world (Nakamura et al. 2000), is thus
probable, considering the current increase in alien pests related to palms (see Chapter X).
Finally, it is difficult to make serious predictions about the results of future transloca-
tions because the species may react differently to the new habitats and hosts when compared
with the situation in their native environment. Furthermore, translocations may enhance
evolutionary changes partly because of founder effects and genetic bottlenecks and partly
because of the triggering of evolution by new environmental factors (Whitney and Gabler
2008). Zygogramma suturalis when introduced to the Northern Caucasus for biological
control of ragweed, showed rapid evolutionary changes in flight capacity (development
of flight ability and morphological changes) within only five generations (Kovalev 2004).
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Table 8.3.1. List and characteristics of the established Chrysomelidae species alien to Europe. Status: A Alien to Europe € cryptogenic species. Country codes

abbreviations refer to ISO 3166 (see appendix I). Habitat abbreviations refer to EUNIS (see appendix II). Last update 1 February 2010.

Family or subfamily Status | Regime | Native | 1st record Invaded countries Habitat* Hosts References
Species range | in Europe
Alticinae- flea beetles
Epitrix cucumeris (Harris, A |Phyto- |Central 1987, PT- |PT-AZO 11 Nicotiana Borges and Serrano
1851) phagous |and South |AZO and other (1989)
America Solanaceae
Epitrix hirtipennis A |Phyto- |Southern |[1984,1T |BG, GR,IT, MK, PT-AZO 11 Nicotiana Déberl (1994b), Déberl
(Melsheimer, 1847) phagous | USA, and other (2000), Sannino et al.
Central Solanaceae (1984), Sannino et al.
and South (1985)
America.
Epitrix similaris Gentner, A |Phyto- |USA 2008, PT |PT 11 Solanum Doguet (2009), Oliviera
1944 phagous tuberosum et al. (2008)
Luperomorpha xanthodera A |Phyto- |China, 2003, GB |CH, DE, FR, GB, IT, NL 12 Iris and Beenen, unpubl., Conti
(Fairmaire, 1888) phagous | Korea Euonymus and Raspi (2007), Del
roots (larva); |Bene and Conti (2009),
adult Delobel and Delobel
polyphagous |(2003), Doguet (2008),
Johnson and Booth
(2004)
Bruchidae — seed beetles
Acanthoscelides obtectus Say, A |Phyto- |C&S 1889, IT |AL, AD, AT, BA, BE, BG, BY, J1, 1 Phaseolus Borges et al. (2005),
1831 phagous | America CH, CY, CZ, DE, DK, EE, ES, seeds, Delobel and Delobel
ES-BAL, ES-CAN, FR, FR-COR, wild and (2003), Hoffmann et
GB, GR, GR-CRE, GR-NEG, cultivated al. (1962), Tomov et al.
GR-SEG, HR, HU, IE, IL, IS, legumes (2007)
IT, IT-SAR, IT-SIC, LI, LT, outdoors

LU, LV, MD, MK, MT, NL,
NO, NO-SVL, PT, PT-AZO,
PT-MAD, RO, RS, RU, SE, S,
SK, UA
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Family or subfamily Status | Regime | Native | 1st record Invaded countries Habitat* Hosts References
Species range | in Europe
Acanthoscelides pallidipennis A |Phyto- |North 1980, BG |AT, BA, BG, CH, CZ, DE, HR, |I,] Amorpha Borowiec (1983),
(Motschulsky, 1874) phagous | America HU, IT, LU, MK,PL, RO, RS fruticosa Borowiec (1988),
(indigobush) | Migliaccio and
and other Zampetti (1989),
legumes Szentesi (1999), Wendt
(1981)
Bruchidius siliquastri C |Phyto- |Crypto- 2003, FR |FR 12 Cercis seeds | Kergoat et al. (2007)
Delobel 2007 phagous | genic
Bruchus pisorum (Linnaeus, A |Phyto- |Asia- 1850, CZ |AD, AL, AT, BA, BE, BG, BY, |L]1 Dried peas; | Delobel and Delobel
1758) phagous | Temperate CH, CY, CZ, DE, DK, EE, ES, Lathyrus, (2003), Fauna Europaea
ES-BAL, ES-CAN, FI, FR, FR- Pisum, Vicia |(2009), Gobierno
COR, GB, GR, GR-CRE, GR- de Canarias (2010),
NEG, GR-SEG, HR, HU, IE, Hoffmann (1945),
IS, IT, IT-SAR, IT-SIC, LI, LT, Sainte-Claire Deville
LU, LV, MD, MK, MO, MT, (1938)
NL, NO, NO-SVL, PL, PT, PT-
AZ0O, PT-MAD, PT, RO, RS,
RU, SE, SI, SK, UA
Bruchus rufimanus A |Phyto- |Africa 1894, PT |AD, AL, AT, BA, BE, BG, BY, LJ1 Stored beans; | Delobel and Delobel
Bohemann, 1833 phagous CH, CY, CZ, DE, DK, EE, ES, Phaseolus, (2003), Fauna Europaca
ES-BAL, ES-CAN, FI, FR, FR- Vicia, (2009), Gobierno
COR, GB, GR, GR-CRE, GR- Lathyrus, de Canarias (2010),
NEG, GR-SEG, HR, HU, IE, IS, Lupinus, Hoffmann (1945),
IT, IT-SAR, IT-SIC, LI, LT, LU, Pisum, Sainte-Claire Deville
LV, MD, MK, MT, NL, NO, Lens, Cicer (1938)
NO-SVL, PL, PT, PT-AZO, (wild and
PT-MAD, RO, RS, RU, SE, SI, cultivated)

SK, UA
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Family or subfamily Status | Regime | Native | 1st record Invaded countries Habitat* Hosts References
Species range | in Europe
Callosobruchus chinensis A |Phyto- |Asia- 1878, FR |AD, AL, AT, BA, BE, BG, BY, IJ1 Stored Biondi et al. (1994),
(Linnaeus, 1758) phagous | Temperate CH, CY, CZ, DE, DK, EE, ES, legumes Essl and Rabitsch (Eds)
ES-BAL, ES-CAN, FI, FR, FR- (capable of  |(2002), Fauna Europaea
COR, GB, GR, GR-CRE, GR- re-infesting) | (2009), Gobierno
NEG, GR-SEG, HR, HU, IE, de Canarias (2010),
IL, IS, IT, IT-SAR, IT-SIC, LI, Hoffmann (1945),
LT, LU, LV, MD, MK, MT, NL, Sainte-Claire Deville
NO, NO-SVL, PT, PT-AZO, (1938), Tomov et al.
PT-MAD, RO, RS, RU, SE, SI, (2007)
SK, UA
Callosobruchus maculatus A |Phyto- |Africa 1878, FR | AL, BG, CZ, ES, FR, GR, GR- |I,]1 Phaseolus and | Binaghi (1947), Delobel
(Fabricius, 1775) phagous CRE, IL, IT, IT-SIC, IT, PT, other stored |and Delobel (2003),
PT-AZO legumes Fauna Europaea (2009),
(capable of | Gu et al. (2009),
re-infesting) | Hoffmann (1945),
Tomov et al. (2007)
Callosobruchus phaseoli A |Phyto- |Asia- 1945, FR |AL, CZ, ES, FR, GR, GR-CRE, |L]J1 Phaseolus, Delobel and Delobel
(Gyllenhal, 1833) phagous | Temperate IL, IT, IT-SIC Lupinus and  |(2003), Hoffmann
other stored | (1945), Tomov et al.
legumes (2007)
(capable of
re-infesting)
Caryedon serratus (Olivier, A |Phyto- |Africa 1900, CZ |CY, CZ, DE, GR, GR-CRE 11,12, Acacia, Delobel and Delobel
1790) phagous F, J1 Cassia, (2003)
Prosopis seeds
Megabruchidius dorsalis A |Phyto- |Asia 1989,1T |IT 2 Gleditsia Migliaccio and
(Fahreus, 1839) phagous | (Japan) seeds Zampetti (1989)
Megabruchidius tonkineus A |Phyto- |Asia- 2001, HU |HU 12 Gleditsia Gyorgy (2007), Jermy
Gyorgy 2007 phagous | tropical seeds etal. (2002)
(Vietnam)

<9 uw’m/:) '(gvpzjamoxlf,tqg ‘wz;doz;ag ) $3j129g Paas puv J[ya’]

L8T



Family or subfamily Status | Regime | Native | 1st record Invaded countries Habitat* Hosts References
Species range | in Europe
Mimosestes mimose A |Phyto- |Asia- 1945, FR |DE, DK, FR, IT J1 Acacia, Hansen (1996),
(Fabricius, 1781) phagous | Temperate Phaseolus, Hoffmann (1945)
Vicia, Ciser
(chickpea)
seeds
Pseudopachymerina spinipes A |Phyto- |C&S 1919, ES |ES, FR, GR, GR-CRE, IT, IT- 12 Acacia Bouchelos and Chalkia
(Erichson, 1833) phagous |America SIC farnesiana (2003), Fauna Europaca
seeds (2009), Ramos et al.
(2007)
Zabrotes subfasciatus A |Phyto- |C&S 1858, FR |AL, CZ, ES, ES-CAN, FR, GR, |]1 Phaseolus and | Delobel and Delobel
(Bohemann, 1833) phagous |America GR-CRE, IT, IT-SIC, NL, PT, other stored | (2003), Hoffmann
PT-AZO legumes (1945)
(capable of
re-infesting)
Cassidinae — Tortoise leaf beetles
Aspidomorpha fabricii A |Phyto- |Africa 1957, 1T |IT I1 Beta vulgaris | Zangheri (1960)
Sekerka, 2008 phagous
Chrysomelinae — leaf beetles
Leptinotarsa decemlineata A |Phyto- |Northand 1922, FR |AD, AL, AT, BA, BE, BG, BY, 11 Solanum CABI/EPPO (2003),
(Say, 1824) phagous | Central CH, CZ, DE, EE, ES, ES-BAL, tuberosum EPPO (2006), Fauna
America FR, FR-COR, GR, HR, HU?, and other Europaea, Grapputo et
IT, IT-SAR, IT-SIC, LI, LT, LU, Solanaceae al. (2005), Tomov et al.
LV, MD, MK, MO, NL, PL, PT, (2007)
RO, RS, RU, SE, SI, SK, UA
Phaedon brassicae Baly, 1874 A |Phyto- |China, 2000, IT |IT 11 Brassicaceae | Limonta and Colombo
phagous |Japan, (2004)
Taiwan,
Vietnam.
Calligrapha polyspila C |Phyto- |North >2001, |PT-AZO Sida Jolivet (2001)
(Germar, 1821) phagous | America | PT-AZO rhombifolia
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Family or subfamily Status | Regime | Native | 1st record Invaded countries Habitat* Hosts References

Species range | in Europe

Zygogramma suturalis A |Phyto- |North 1985, HR |HR Ambrosia Igrc et al. (1995)

(Fabricius, 1775) phagous | America artemisiifolia

Galerucinae — Skeletonizing leaf beetles

Diabrotica virgifera virgifera A |Phyto- |Central 1992, RS |AT, BA, BE, BG, CH, CZ, DE, |II Zea mays. Baca (1994), Ciosi

LeConte, 1868 phagous |America FR, GB, HR, HU, IT, MO, NL, et al. (2007), EPPO

PL, RO, RS, SI, SK, UA. (2009), Godollo

University (2009),
Guillemaud et al.
(2010), Purdue
University (2009)

Hispinae — Hispine leaf beetles

Pistosia dactyliferae (Maulik, A |Phyto- |India 2004, FR |FR 12 Palms Drescher and Martinez

1919) phagous (2005)
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Table 8.3.2. List and characteristics of the Chrysomelidae species alien 7z Europe. Country codes abbreviations refer to ISO 3166 (see appendix I). Habitat ab-

breviations refer to EUNIS (see appendix II). Last update 1 February 2010.

Family or subfamily Regime Native range Invaded countries | Habitat* Hosts References
Species

Alticinae- flea beetles

Altica ampelophaga Guérin- | Phyto- Western, Southern | PT-AZO I Vitis Borges and Serrano (1989)
Méneville, 1858 phagous  |and Central Europe

Altica carinthiaca Weise, Phyto- Continental Europe |GB 12 Lathyrus pratensis Cox (2007)

1888 phagous (meadow vetchling)

Chaetocnema hortensis Phyto- Continental Europe |PT-AZO I Graminae Borges and Serrano (1989)
(Geoftroy, 1785) phagous

Epitrix pubescens (Koch, Phyto- Continental Europe |PT-AZO I Solanum Borges and Serrano (1989)
1803) phagous

Longitarsus kutscherae (Rye, |Phyto- Continental Europe |PT-AZO I Plantago Borges and Serrano (1989)
1872) phagous

Longitarsus lateripunctatus Phyto- Mediterranean region | PT-AZO I Borago officinalis and | Borges and Serrano (1989)
lateripunctatus (Rosenhauer, | phagous other Boraginaceae

1856)

Longitarsus obliteratoides Phyto- Continental Europe |GB 12 Thymus, Rosmarinus | Cox (2007)

Grueyv, 1973 phagous

Neocrepidodera brevicollis (J. |Phyto- Alps DK G3, G4 Cirsium Hansen (1964)

Daniel, 1904) phagous

Neocrepidodera ferruginea Phyto- Continental Europe, |PT-AZO I Asteraceae and Borges and Serrano (1989)
(Scopoli, 1763) phagous | Caucasus Poaceae

Psylliodes chrysocephalus Phyto- Continental Europe |PT-AZO I Brassicaceae Borges and Serrano (1989)
(Linnaeus, 1758) phagous

Psylliodes cucullata (Illiger, Phyto- Continental Europe |GB 12 Spergula arvensis Cox (1995), Cox (2007)
1807) phagous (Corn spurrey)

Bruchidae — seed beetles

Bruchidius foveolatus Phyto- Continental Europe |PT-AZO I1 Sarothamnus Borges et al. (2005)
(Gyllenhal, 1833) phagous scoparius seeds
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Family or subfamily Regime Native range Invaded countries | Habitat* Hosts References
Species
Bruchidius lividimanus Phyto- Mediterranean region | PT-AZO 11 Genistea, Ononis, Borges et al. (2005)
(Gyllenhal, 1833) phagous Cytisus seeds
Bruchidius varius (Olivier) Phyto- Continental Europe |GB E, G Trifolium pratens Cox (2007), Hodge (1997)
phagous (red clover), 7
medium (zig-zag
clover), Ulex
europaeus (gorse),
Bolboschoenus
maritimus (sea club-
rush) seeds
Bruchus ervi Frolich, 1799 Phyto- Mediterranean region | BE, CH, CZ, DE, |1, ]1 Lens seeds Fauna Europaea (2009), Gobierno
phagous DK, ES-CAN, FI, de Canarias (2010), Strejéek (1990)
GB, HU, IE, LI,
LU, LV, NL, NO,
PT-AZO, PT-MAD,
RO, SE, SK, UA
Bruchus lentis Frohlich, 1799 | Phyto- Southern Europe ES-CAN IJ1 Lens, Vicia seeds Gobierno de Canarias (2010), Igrc et
phagous al. (1995)
Bruchus rufipes Herbst, 1783 | Phyto- West Palaearctic PT-AZO, ES- CAN |1 Lathyrus, Pisum, Borges et al. (2005), Gobierno de
phagous Vicia seeds Canarias (2010)
Bruchus signaticornis Phyto- Mediterranean region | BE, CH, CZ, DE, |1, ]1 Lathyrus, Lens, Vicia | Strejéek (1990)
Gyllenhal, 1833 phagous DK, EE, FI, GB, seeds
HU, IE, LI, LT, LU,
LV, MD, NL, NO,
RU, SE, SK, UA
Criocerinae- leaf beetles
Crioceris asparagi (Linnaeus, |Phyto- Continental Europe, |GB L] Asparagus officinalis | Cox (2007), Hill et al. (2005)
1758) phagous | Central Asia officinalis (garden
asparagus), A.
officinalis prostratus

(wild asparagus)
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Family or subfamily Regime Native range Invaded countries | Habitat* Hosts References
Species
Lilioceris lilii (Scopoli, 1763) | Phyto- Continental Europe |GB, IE 12,11 Lilium, Fritillaria Cox (2007), Stephens (1839)
phagous and other Liliaceae;
Arum maculatum
Cryptocephalinae — casebearers
Cryprocephalus sulphureus G. | Phyto- Western PT- AZO 12 Pulmonaria Borges and Serrano (1989)
A. Olivier, 1808 phagous Mediterranean
Chrysomelinae — leaf beetles
Chrysolina americana Phyto- Mediterranean region | BE, GB, NL 11,12 Rosmarinus, Beenen and Winkleman (2001), Cox
Linnaeus, 1758 phagous Lavandula, Salvia, |(2007), Johnson (1963), Lays (1988)
Thymus
Chrysolina bankii (Fabricius, | Phyto- Mediterranean region | GB 12 Plantago lanceolata | Cox (2007)
1775) phagous (ribwort plantain),
Ballota nigra (black
horehound), Mentha
spp.» and other
Lamiaceae
Gonioctena fornicata Phyto- Eastern Europe IT I Medicago Michieli (1957)
(Bruggemann, 1873) phagous
Galerucinae- Skeletonizing leaf beetles
Xanthogaleruca luteola Phyto- Europe GB 12 Ulmus Buckland and Skidmore (1999)
(Miiller, 1766) phagous
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Abstract

‘The majority of Coccinellidae are beneficial predators and they have received considerable research atten-
tion because of their potential as biological control agents. Indeed the role of coccinellids as predators of
pest insects has been a major factor in the movement of coccinellids between countries. The commercial
production of coccinellids by biological control companies and local producers led to a rapid increase in
distribution thoughout the 1990’s. To date, 13 alien coccinellid species have been documented in Europe;
11 of these are alien to Europe (two are alien to Great Britain and Sweden but native within Europe).
The distribution of alien coccinellids in Europe mirrors the biogeographical distribution and patterns of
introduction. Some species have dispersed widely; Harmonia axyridis has spread rapidly from countries
where it was deliberately introduced to many others across Europe. The ecological and economic impacts
of alien coccinellids are not well documented. In this chapter we provide an overview of the temporal and

spatial patterns of alien coccinellids in Europe.

Keywords
Coccinellid, ladybird, alien, Europe, biological control agent, Harmonia axyridis, distribution patterns

8.4.1 Introduction

The Coccinellidae are commonly referred to as ladybirds (Britain, Australia, South
Africa), ladybugs (North America) or ladybeetles (various countries). Coccinellids
have received considerable research attention because of their role as predators of pest

Copyright H. Roy, A. Migeon. This is an open access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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insects. The Coccinellidae comprises over 4200 species worldwide (Iperti 1999, Ma-
jerus et al. (2006a)). Audisio and Canepari 2009 report that there are approximately
253 species and subspecies of Coccinellid in Europe. However, a review in 1999
documented only 110 species including species acclimatized through the 1900s: Ro-
dolia cardinalis, Cryptolaemus montrouzieri, Rhyzobius (Lindorus) lophanthae, Rhyzo-
bius forestieri and Serangium parcestosum (Iperti 1999). The discrepancy in species
number from these different sources can not solely be accounted for by the addition
of new species arriving in Europe but is an indication of the dynamic state of coc-
cinellid taxonomy and the difficulty of establishing a checklist for Europe. Not only
is the taxonomy of coccinellids under review but also the arrival of new species is
ongoing; recently the UK Ladybird Survey (www.ladybird-survey.org) reported the
first British record of Cynegetis impunctata (Thomas et al. 2009). There is also con-
siderable variation in reported coccinellid diversity between countries. Great Britain
is relatively species poor with only 46 species (Majerus et al. 2006b) whereas in
contrast the Netherlands have 86 native coccinellid species. The proportion of alien
species for this group is quite high in Europe, with 13 species observed in the wild
to date. Two of these are native to Europe but alien within Great Britain (Henosepil-
achna argus, Scymnus impexus) and Sweden (Scymnus impexus). For the remainder of
this section only the 11 species alien 70 Europe (and not the three alien species in
Europe) will be considered.

The majority of coccinellid species (about 90 %) are beneficial predators (others
are phytophagous or mycophagous); consequently coccinellids have played a signifi-
cant role in the development of biological control strategies (Berthiaume et al. 2007,
Brown and Miller 1998, Galecka 1991, Gurney and Hussey 1970, Iperti 1999, Obry-
cki and Kring 1998). This has been a major factor in the movement of coccinellids
between countries worldwide.

8.4.2 Taxonomy of the coccinellid species alien to Europe

The family Coccinellidae belongs to the coleopteran superfamily Cucujoidea and is
a member of the phylogenetic branch of Coleoptera termed the Cerylonid complex
of families (Cerylonidae, Discolomidae, Alexiidae, Corylophidae, Endomychidae and
Lathridiidae). Worldwide there are six subfamilies of Coccinellidae: Sticholotidinae,
Chilocorinae, Scymninae, Coccidulinae, Coccinellinae and Epilachninae although a
recent phylogeny suggests a seventh subfamily, Ortaliinae (Fiirsch 1990, Kovér 1996).
European species are mainly represented by three subfamilies: Scyminae, Chilocorinae
and Coccinellinae. There are very few European Sticholotinae, very few Coccidulinae
and only three species of Epilachninae (Iperti 1999). Although the species list for Coc-
cinellidae in Fauna Europaea (Audisio and Canepari 2009) includes representatives
from all six subfamilies.

Species alien o Europe are quite evenly represented between five of the six sub-
families. Three species are observed in the subfamily Coccidulinae (two Coccidulini



Ladybeetles (Coccinellidae). Chapter 8.4 295

and one Noviini) and in the Scymninae (two Scymnini and one Hyperaspidini). Two
species are in the Chilocorinae (two Chilocorini) and Coccinellinae (two Coccinel-
lini). One species is in the Sticholotidinae (Sticholotidini). There are no Epilachninae
that are alien to Europe (although Henosepilachna argus is alien in Europe).

Most species in the Epilachninae are phytophagous, while the majority of spe-
cies in the other subfamilies are predatory. The preferred diets of the two feeding
stages in the life-cycle, the larval and adult stages, are generally the same. Most
predatory ladybirds feed on either aphids or coccids (a few feed on both), however
some predatory species feed on mites, adelgids, aleyrodids, ants, chrysomelid larvae,
cicadellids, pentatomids, phylloxera, mycophagous coccinellids and psyllids (Dixon
2000). Indeed, a small number of species within the Coccinellinae and Epilachninae
are mycophagous, feeding on the hyphae and spores of fungi. There is also consider-
able variability in the degree of dietary specialisation between species (Hodek 1996).
Some species have a very narrow preferred prey range, such as a single species of
mite, aphids of a single genus, or plants of a single family, other species have a wide
prey range. Harmonia axyridis, for example, will feed on aphids, coccids, adelgids,
psyllids, and the eggs and larvae of many other insects, including other coccinellids
and lepidopterans (Legaspi et al. 2008, Ware and Majerus 2008). Ladybirds exhibit
complex adaptations to specific or more general diets such as mandibular dentition,
gut length and structure, and morphological features that affect mobility (Hodek
1996). Many predatory coccinellids will feed on alternative foods, such as pollen,
nectar, honey-dew and fungi (many also resort to cannibalism) when preferred prey
are scarce (De Clercq et al. 2005, Hodek 1996).

Coccinellids are distinguished from the remainder of the Cerylonid complex of
families by a number of adult characteristics: five pairs of abdominal spiracles, tento-
rial bridge is absent, anterior tentorial branches are separated, frontoclypeal suture
absent, apical segment of maxillary palpus never aciculate, galea and lacinia separated,
mandible with reduced mola, front coxal cavities open posteriorly, middle coxal cavi-
ties open outwardly, metaepimeron parallel-sided, femoral lines present on abdominal
sternite 2, tarsal formula 4-4-4 or 3-3-3, tarsal segment 2 usually strongly dilated be-
low (Kovéi 1996). In Europe, the diagnostic features of the family Coccinellidae can
be considered in more simple terms (Majerus 2004). They are small to medium sized
beetles (1.3-10 mm in length). There body shape is oval, oblong oval or hemispherical
(upper surface convex and lower surface flat). They have large, compound eyes. The
antennae are often 11-segmented but this figure varies and can be as low as seven. The
mouthparts consist of large, strong mandibles; four-segmented maxillary palps (termi-
nal segment axe shaped) behind the mandibles; labium divided into the pre-labium
and post-labium; three-segmented labial palps; and the labrum. The head can be partly
withdrawn under the pronotum. The pronotum is broader than long and has anterior
extensions at the margin. The legs are short and can be retracted into depressions under
the body. The tarsi are usually four segmented but the third segment is small and hid-
den in the end of the second segment. Each tarsus bears two claws. The abdomen has
ten segments (Kovdf 1996, Majerus et al. 2006a).
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8.4.3 Temporal trends of introduction in Europe of alien coccinellids

The first species of coccinellid to be introduced into Europe was the vedalia beetle, R
cardinalis, for the control of the cottony cushion scale (coccid), Icerya purchasi (Figure
8.4.1). Two further species were introduced during the early twentieth century (mainly
to the Mediterranean regions including France, Portugal and Italy) but there then fol-
lowed a period of stagnation and respect to biological control in general. This correlates
with the trend towards chemical insect pest control with the development of synthetic
pesticides. From the 1980’s onwards there were a considerable number of introduc-
tions on an extensive scale across Europe through the use of tropical coccinellids to
control glasshouse pest insects.

8.4.4 Biogeography of the coccinellid species alien to Europe

Each continent has a specific fauna of coccinellidae. Belicek (1976) stated that “many
species develop their cycles in life zones delineated by the general physiography of the
continents (mountainous barriers) and climatic patterns combined with the types of
vegetation in a given zone”. Glaciation had profound effects on the distribution of coc-
cinellids and the level of endemism is further controlled by ecological factors including
temperature, food and natural enemies.

The temperate zones of Europe and North America are heavily infested by Aphi-
dae and grasslands in these regions contain coccinellids from the tribus Coccinellini
(Coccinella spp., Adalia spp., Harmonia spp.) and Hippodamiini, Cheilomenini and
Scymnini. Open deciduous and coniferous forests in this temperate zone contain other
genera of Coccinellini (Anatis spp., Myrrha spp., Myzia spp.). Tropical zones in central
and South Africa, South America, India and China where Coccidae are abundant are
characterised by coccinellids from the tribus Chilocorini (Chilocorus spp., Exochomus
spp.» Brumus spp.), Scymnini, Hyperaspini, Coccidulini and Noviini. In the Mediter-
ranean regions of Europe, aphids and coccids are found together and are attacked by
coccinellids from the temperate and tropical zones (Iperti 1999).

It is interesting to note that coccinellids native to temperate zones enter either sim-
ple quiescence or intense diapause as adults. In contrast, exotic species such as Rhyzo-
bius lophanthae and Cryprolaemus montrouzieri do not enter quiescence or diapause but
instead resist drastic changes in climate by reducing the speed of development during
winter but not entirely stopping it (Iperti 1999).

The early introductions of alien coccinellids were characteristically as classical bio-
logical control agents; the predatory coccinellid originated from the same country as
the target pest insect. So, for example, both R. cardinalis and 1. purchasi originated from
Australia; R. lophanate and various Diaspididae (Pseudolacaspis pentagona, Quadraspidi-
otus perniciosus, Chrysomphalus dictyospermi, Parlatoria blanchardi) from Australia and
New Zealand; C. montrouzieri and Planococcus citri from Australia. Notably all these
species are from tropical regions and were introduced into Mediterranean regions for
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Figure 8.4.1. Temporal trends in the mean number of new records per year of coccinellid species alien #o
Europe from 1875 to 2008. The number above the bar indicates the total number of alien species newly

recorded during the considered time period.

control purposes (Figures 8.4.1 and 8.4.2). In contrast, the coccinellid species selected
to reinforce the activity of native natural enemies in temperate regions of Europe are
from temperate regions of the globe for example, temperate Asia (H. axyridis) or North
America (Hippodamia convergens).

8.4.5 Distribution of alien Coccinellids in Europe

The distribution of alien coccinellids in Europe mirrors the biogeographical distribu-
tion and patterns of introduction (Figure 8.4.3). Some species have dispersed widely;
H. axyridis has spread rapidly from countries where it was deliberately introduced to
many others across Europe. Furthermore, the commercial production of coccinellids
by biological control companies and local producers led to a rapid increase in distribu-
tion thoughout the 1990’.

8.4.6 Use of alien coccinellids for biological control in Europe

The ecosystem service that predatory coccinellids provide in consuming pest insects
has been recognised for over a century. The vedalia ladybird, R. cardinalis, is consid-
ered to have initiated modern biological pest control. It was released as a classical bio-
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Figure 8.4.2. Origin of the 11 alien coccinellid species established in Europe.

logical control agent (native to Australia) in 1887 to control an alien cottony cushion
scale (coccid), I purchasi, which was threatening the citrus industry of California. The
vedalia ladybird and the cottony cushion scale are still present in Californian citrus
groves but the ecological balance between predator and prey ensures that the pest is no
longer a problem (Caltagirone 1989, Majerus et al. 20006a).

The successful introduction of R. cardinalis for the control of I purchasi result-
ed in considerable focus on Coccinellidae for importation programmes worldwide
(Obrycki and Kring 1998). Over 40 species of coccinellid were introduced to North
America following R. cardinalis during a period colloquially referred to as the “la-
dybird fantasy” (Caltagirone 1989, Dixon 2000). This worldwide phenomenon was
mainly ineffectual; only four of over 40 species introduced to North America during
this time established (Caltagirone 1989). In recent times there have been 155 at-
tempts to control aphids and 613 to control coccids worldwide through the introduc-
tion of ladybirds (Dixon 2000). On a scale of success (complete, substantial, partial
or no control) only one attempt to control aphids using coccinellids has been ranked
as substantially successful and none have been completely successful (Dixon 2000).
In contrast, 23 complete and 30 substantial successes have been achieved against
coccids (Dixon 2000). In a few cases the introduced coccinellid species has had far-
reaching, unacceptable impacts on biodiversity and so has been deemed an invasive
species. Harmonia axyridis, harlequin ladybird, is the only such example in Europe
(Brown et al. 2008a).

All of the 11 alien coccinellids in Europe have been intentionally released as bio-
logical control agents of pest insects. The first coccinellid to be introduced to Europe
was R. cardinalis as a predator of 1. purchasi in 1888 (Portugal), 1901 (Italy) and 1912
(Italy and France). This species was subsequently released through the mid and late
1900s to Italy, Portugal, Israel, France, Spain, Malta, Great Britain, Albania, Cyprus,
Switzerland and the Ukraine. Cryptolaemus montrouzieri, native to Australia, was in-
tentionally released to control mealybugs (Pseudococcidae), Planococcus citri, from
1908 in Italy. Subsequent releases were made in Spain (1926), Corsica (1970), France
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known. Scale = total number of recorded alien coccinellids.

(1974), Portugal (1984) and Sweden (2001). This species is considered established
in all the countries where it has been released other than Sweden (for which the sta-
tus of this species is unknown). Cryptolaemus montrouzieri has been used extensively
through augmentation (release of reared adults) and was the first coccinellid used to
demonstrate an inoculative approach (whereby the aim is introduce a small number of
individuals into a crop system with the expectation that they will reproduce and their
offspring will continue to provide control of the target pest for an extended period of
time). Cryptolaemus montrouzieri is easy and cheap to culture on mealybugs (Majerus
2004). Rhyzobius lophanthae is a species native to New Zealand which was introduced
to Italy in 1908 for the control of Diaspididae (armoured scale insects). It has been
released widely in European countries including: Portugal (1930 and 1984), Spain
(1958), Sardinia (1973), France (1975), Greece (1977) and Germany (2000). This
species has recently been reported as established in London, Great Britain (Natural
History Museum, 2008).
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Figure 8.4.4. Harlequin ladybeetle (Harmonia axyridis). Credit: Mark Bond

8.4.6.1 Control of Scale Insects

A number of coccinellid species have been used in historically significant and success-
ful projects for the biological control of scale (Borges et al. 2006, Erler 2001, Katsoy-
annos 1997) including R. cardinalis and R. lophanthae. Other species introduced to
Europe for control of scales include Rhyzobius forestieri, Nephus reunioni, Chilocorus
nigritus and Chilocorus kuwanae.

Rhyzobius forestieri (native to Australia) has established in Italy, France, Greece and
Albania. In the Cambos coastal plain of Greece this species is now considered the most
abundant species of coccinellid within the coccidophagous guild (Katsoyannos 1997).
Nephus reunioni (native to Africa) was intentionally released in a number of countries
(Italy, Portugal, France, Greece, Albania and Spain) and is now considered to be estab-
lished in Italy and Portugal. Chilocorus nigritus is native to the Indian sub-continent
and South East Asia and is a candidate biological control agent for the control of spe-
cies within the Coccoidea including three economically important families (Diaspidi-
dae, Pseudococcidae and Coccidae). It has a recent history, 1985 onwards, of introduc-
tion to a number of countries: Italy, Denmark, France, Germany, Netherlands, Great
Britain and Albania. Chilocorus kuwanae is a biological control agent of scale insects
and was introduced to Europe (Albania and Italy) from Asia in 1989.

8.4.6.2 Control of Aleyrodidae

The family Aleyrodidae comprises the commonly referred to whiteflies. Over fifty
species of coccinellidae attack eggs and immature stages of whitefly pests (Obrycki
and Kring 1998, Yigit et al. 2003). There is interesting variation in the preda-
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Figure 8.4.5. Adults of Cynegetis impunctata. Credit: Gilles San Martin

tory behaviour of these polyphagous coccinellids; some are mobile, seeking out
prey, and others are sedentary, and complete preimaginal development on one leaf
(Obrycki and Kring 1998). In Europe one species, Serangium parcesetosum, has been
introduced for the control of whitefly (Bemisia tabaci). Serangium parcesetosum was
introduced from its native range of Asia and the Indian subcontinent to France
including Corsica (Majka and McCorquodale 2006). A further species Delphastus
catalinae, native to North America, has been introduced in glasshouses within Al-
bania and Russia for the control of Bemisia tabaci and Trialeurodes vaporariorum
(Kutuk and Yigit 2007, Legaspi et al. 2008). However, this species has not estab-
lished in the wild. Studies on the thermal biology of D. catalinae, assessing the ef-
fects of temperature on development, voltinism and survival in the laboratory and
field (non-indigenous range), indicate a strong correlation between survival in the
laboratory at 5 °C and in the field in winter (Simmons and Legaspi 2004, Simmons
and Legaspi 2007). Delphastus catalinae died out quickly in winter temperatures
and this suggests that the probability of establishment is low in regions that experi-
ence low temperatures and scarcity of suitable food for part of the year (van Len-
terenet et al. 2003). In the absence of studies on cold tolerance it is insufficient to
assume that, on the basis of climate matching, winter would be an effective barrier
to establishment of species originating from warmer climatic zones (van Lenteren et
al. 2006). Risk assessments should also be sufficiently detailed to encompass strain
specific parameters; the release of a non-diapausing strain versus a diapausing strain
could result in very different impacts (van Lenteren et al. 2006). Furthermore, im-
pacts through consumption of non-target hosts and dispersal require considerable
attention (van Lenterenet et al. 2003). So, for example, although D. catalinae is not
anticipated to survive winter temperatures in northern Europe, it is oligophagous
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Figure 8.4.6. Adult of the phytophagous bryony ladybeetle, Henosepilachna argus. Credit: Mike Maje-

rus.

and reported as an intra-guild predator of the aphelinid parasitoid Encarsia sophia
(Zang and Liu 2007).

8.4.6.3 Control of Aphids

Hippodamia convergens and H. axyridis have both been released extensively through-
out Europe for the control of aphids. Hippodamia convergens is native to America and
several billion are collected annually from overwintering sites in California and sold
throughout America. This practice has been shown to be highly ineffective because of
adult dispersal (Dixon 2000, Roy and Majerus, unpubl.). Furthermore, removal of /.
convergens is considered to have adverse effects on local populations and, in America,
is responsible for the distribution of two ladybird parasites (the braconid wasp, Dino-
campus coccinellae and the microsporidian, Nosema hippodamiae) (Saito and Bjornson
2006) and vectoring of plant pathogens (dogwood anthracnose fungus) (Bjornson
2008). This coccinellid has been released in Belgium, Sweden, Denmark, Albania and
the Czech Republic in the 1990s and early 2000. It is unknown whether or not it is
established.

The use of H. axyridis as an augmentative biological control agent (mass reared
and released) has been widespread (Berkvens et al. 2008, Brown et al. 2008a). In 1982
it was introduced into France and has since been reared continuously over 100 gen-
erations on industrially produced eggs of the moth, Ephestia kuehniella (Brown et al.
2008a). It has since been introduced to a number of countries across Europe and also
spread to others which had not intentionally released it (Table 8.4.3).
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Figure 8.4.7. Larva of Henosepilachna argus. Credit: Gilles San Martin

8.4.7 Ecosystems and habitats invaded in Europe by alien Coccinellids

Coccinellid species can be classified as stenotopic or eurytopic (Hodek 1993, Iperti
1991). Microclimate is considered to be a particularly important feature of a coc-
cinellid habitat. Many species of ladybird exhibit a preference for specific vegetation
types or certain strata of the habitat. Coupled with this is the requirement for suitable
food in sufficient abundance. Habitat preference varies seasonally as the microclimatic
characteristics of a habitat change, which in turn influences the distribution of prey
populations and the behaviour of coccinellids. Iperti (1999) documents the succession
of aphid outbreaks in south eastern France; during a normal year aphids first appear on
low plants and shrubs, they then progress to cultivated low plants and early deciduous
trees and develop on cultivated trees and shrubs. However, climatic conditions vary
annually and so it is difficult to predict the behaviour of coccinellids, particularly in a
period of climate change.

There is a strong trend for alien coccinellids to occur in urban or cultivated habitats
in Europe. Almost all species are most prevalent in recently cultivated agricultural, hor-
ticultural and domestic habitats, gardens and parks and greenhouses (EUNIS catego-
ries I 11, 12, J100; see appendix II). Harmonia axyridis, the most invasive of the alien
coccinellids in Europe, follows this pattern although there have been a considerable
number of records in Great Britain from natural habitats (Brown et al. 2008b). Indeed,
H. axyridis is documented from both woodlands and forest habitats, small anthropo-
genic woodlands, parks and gardens, agricultural and horticultural habitats as well as
from buildings in cities, towns and villages.

The abundance of native and alien coccinellid species in urban habitats and their
tendency to aggregate in large numbers during autumn and winter enhances their
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visibility to people. This aggregation behaviour can be exploited by biological control
practitioners through the collection and release of large numbers of beetles but species
that exhibit this behaviour, such as H. axyridis, are increasingly seen as nuisance insects
in domestic dwellings (Roy and Majerus 2006, Roy et al. 2008).

8.4.8 Ecological and economic impacts of alien coccinellids

The ecological and economic impacts of alien coccinellids are not well documented.
Many authors have noted the low success rate of coccinellids as biological control
agents of aphids (Dixon 2000, Iperti 1999, Majerus et al. 2006a). The success of coc-
cinellids as biological control agents of coccids is higher than that of aphids but still
relatively low at only 40 % of cases studied being designated as exerting complete or
substantial control (Iperti 1999).

Rodolia cardinalis has been heralded as a success story for biological control (Calta-
girone 1989). This species has been introduced into 33 countries to control 1. purchasi
and has yielded complete control in 26 countries (North America, Argentina, Peru,
Chile, Portugal, Uruguay, Venezuela, France, Italy, Spain, Greece, Morocco, Tunisia,
Turkey, Egypt, India, Japan and New Zealand); substantial control in four countries
(Russia, Libya, the Bahamas, Ecuador) and partial control in two countries (Seychelles
and Mauritius). A similar rate of success was achieved through the acclimatization of
C. montrouzieri to control Pseudococcus spp. (Iperti 1999). Therefore, R. cardinalis and
C. montrouzieri have contributed economic benefits through the ecosystem service
they provide. Indeed, the initial cost of the R. cardinalis introduction programme in
California 1888 was $1 500 with a return in just over a year of millions of dollars
(Majerus 2004).

The lack of success of aphidophagous coccinellids has been attributed to asyn-
chrony between the reproductive and development rates of the predatory coccinellids
and their aphid prey (Dixon 2000). Furthermore, many aphidophagous coccinellids,
in temperate climates, are univoltine whereas aphids are multivoltine. Coccidophagous
coccinellids tend to stay in a localised area throughout their life cycle and, in contrast,
aphidophagous coccinellids disperse widely (Iperti 1999).

Most intentional insect introductions do not cause ecological or economic prob-
lems, indeed of all the intentionally introduced insects to North America only 1.4 %
have caused problems (van Lenteren et al. 2003). Indeed insect introductions are
considered to be relatively safe: less than 1 % cause a population level effect in non-
targets and only 3—5 % may have caused smaller scale effects (van Lenterenet et al.
2003). However, a number of coccinellids are documented as having non-target ef-
fects (van Lenterenet et al. 2003). Cryptolaemus montrouzieri is reported to lower the
effectiveness of an introduced natural enemy (Dactylopius opuntiae) for weed control
(Goeden and Louda 1976). The most infamous coccinellid introduction is undoubt-
edly H. axyridis (Majerus et al. 2006b, Roy and Majerus 2006, Roy et al. 2005, Roy
and Wajnberg 2008).
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Harmonia axyridis has been released as a classical biological control agent in North
America since 1916. It has been commercially available in Europe since the 1980s and has
many attributes that contribute to its economic viability, including its polyphagous nature.
Harmonia axyridis preys on a wide variety of tree-dwelling homopteran insects, such as
aphids, psyllids, coccids, adelgids and other insects (Koch et al. 2006). In North America,
as well as offering effective control of target pests, such as aphids in pecans (Tedders and
Schaefer 1994), H. axyridis is also providing control of pests in other systems such as Aphis
spiraecola in apple orchards (Brown and Miller 1998) and several citrus pests (Michaud
2002). In both Asia and North America, H. axyridis has been reported to contribute to
control of aphids on sweet corn, alfalfa, cotton, tobacco, winter wheat and soybean (Longo
et al. 1994). The spread and increase of H. axyridis throughout Europe could, therefore,
prove to be beneficial to ecosystem services through the reduction in aphid numbers below
economically damaging levels and subsequent reduction in the use of chemical pesticides.

The polyphagous nature of H. axyridis means that negative impacts on non-target
prey species would appear to be inevitable (Majerus 20006, Pell et al. 2008). However,
there is very limited empirical evidence on this subject and studies considering the
effects of H. axyridis on the population demography of non-target aphids, coccids
and other prey species away from crop systems have not been conducted. Harmonia
axyridis has been implicated as a potential predator of immature monarch butterflies,
Danaus plexippus, an aposematic species that contains defensive chemicals (Koch et al.
2003). Laboratory studies have also indicated the potential for H. axyridis to engage
in intra-guild predation (Pell et al. 2008, Roy et al. 2008, Ware and Majerus 2008).
It is likely that many other species will be directly or indirectly affected by the arrival
of H. axyridis. Indeed, intraguild predation is thought to be an important force in
structuring aphidophagous ladybird guilds (Yasuda et al. 2004) and so H. axyridis has
the potential to dramatically disrupt native guilds in Europe. Harmonia axyridis is a
large, aggressive, polyphagous coccinellid (with a tendency for intraguild predation)
that could impact on the abundance of native coccinellids and reduce their available
niches (Legaspi et al. 2008).

The wide dietary range of H. axyridis coupled with its ability to disperse rapidly,
forage widely and continuously breed gives this species the potential to significantly
reduce European populations of coccids and aphids. This is, of course, considered ben-
eficial in crop and horticultural systems, but not in other habitats where such direct
competition for prey may result in a reduction in biodiversity and declines in native
beneficial predators and parasitoids of aphids and coccids (Majerus 2006).

Majerus et al. (2008) noted that the negative effects of H. axyridis on other aphido-
phages are likely to be the result of a complex range of interactions, with H. axyridis in
general having a competitive edge through resource competition, intraguild predation
and a more plastic phenotype. A more rapid development rate, continual breeding
ability and lack of diapause requirement, efficient chemical defence and relatively large
size would provide H. axyridis with a significant reproductive advantage over many
native British species. The pattern is anticipated to be widespread throughout Europe
(Brown et al. 2008a).
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8.4.10 Conclusions

Coccinellids have been introduced widely throughout Europe for the biological con-
trol of pest insects. Some of these species have established and for others the status is
unknown. It is difficult to estimate the proportion of alien coccinellids in Europe for
two reasons: there is not a definitive European check list for coccinellids and the status
of some of the alien species is unknown. However, the proportion of alien coccinellids
appears to be higher (approximately 5-10 %) than the proportion of aliens for other
taxonomic groups (3.1 % alien Diptera). Only one species (H. axyridis) is considered
to be invasive.
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Subfamily Status | Regime | Native | 1st record Invaded countries Habitat Hosts References
Species range | in Europe
Coccidulinae
Rhyzobius forestieri A | Parasitic/ | Australasia | 1982, IT | AL, FR, GR, IT I Coccids (Scale | Katsoyannos (1997)
(Mulsant, 1853) Predator insects)
Rhyzobius A | Parasitic/ | Australasia | 1908, IT | AL, DE, ES, ES-BAL, FR, FR- I,J100 | Coccids Erler (2001)
lophanthae Predator COR, GB, GR,GR-CRE, IT, (Scale insects
(Blaisdell, 1892) IT-SAR, IT-SIC, IL, MT, PT, specifically

PT-AZO, PIT-MAD, Diaspididae)
Rodolia cardinalis A | Parasitic/ | Australasia | 1888, PT | AL, CH, CY, DE, ES, ES-BAL, I,J100 | Coccids (Scale | Caltagirone (1989), Frank and
(Mulsant, 1850) Predator ES-CAN, FR, FR-COR, GB, GR, insects) McCoy (2007)

GR-CRE, IL, IT, IT-SAR, IT-SIC,

MT, PT, PT-AZO, PT-MAD, UA
Scymninae
Hyperaspis A | Parasitic/ | Africa 2002, PT- | PT-MAD U Orthezia Booth et al. (1995), Fowler
pantherina Fiirsch, Predator MAD insignis (Scale | (2004)
1975 insect)
Cryptolaemus A |DParasitic/ | Australasia | 1908, IT | AL, ES, ES-CAN, FR, FR-COR, |L, J100 |Mealybugs Hamid and Michelakis (1994),
montrouzieri Predator GR,GR-CRE, IL, IT, IT-SAR, Smith and Krischik (2000)
Mulsant, 1853 IT-SIC, PT, RU, SE,
Nephus reunioni A | Parasitic/ | Africa 1983, FR | AL, ES, FR, GR, I'T-SAR, PT I Coccids (Scale | Izhevsky and Orlinsky (1988)
Fiirsch, 1974 Predator insects)
Chilocorinae
Chilocorus kuwanae A | Parasitic/ | Asia 1989, IT |AL, IT I Coccids (Scale | Ponsonby and Copland
Silvestri, 1909 Predator insects) (2007b), Ricci et al. (2006)
Chilocorus nigritus A | Parasitic/ | Asia 1994, IT |AL, ,IT I,J100 | Coccids (Scale | Booth (1998), Ponsonby and
(Fabricius, 1798) Predator insects)

Copland (2007a), Ponsonby
and Copland (2007b)
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Subfamily Status | Regime | Native | Ist record Invaded countries Habitat Hosts References

Species range | in Europe

Sticholotidinae

Serangium A | Parasitic/ | Asia 1986, FR- | FR, FR-COR I Aleyrodidae | Yigit and Canhilal (2005),

parcesetosum Sicard, Predator COR Yigit et al. (2003)

1929

Coccinellinae

Harmonia axyridis A | Parasitic/ | Asia 1991, BE | AL, AT, BE, BG, BY, CH, CZ, I Polyphagous | Adriaens et al. (2003), Adriaens

(Pallas, 1773) Predator DE, DK, ES, ES-CAN, FR, insect et al. (2008), Brown et al.
FR-COR, GB, GR, GR-CRE, redator
GR-ION, GR-SEG, HU, IL, IT, i;nkdmb (2008a), Brown et al. (2008b),
ITSIC, , LI, LU, NL, NO, PT, aphidsand | Koch etal. (2003), Majerus
RO, RU, SE, SK, UA coccids (1994), Roy et al. (2005), Roy

and Wajnberg (2008)
Hippodamia A | Parasitic/ | North 1992, CZ | AL, BE, CZ, DK, SE FA, Aphids Bjornson (2008), Phoofolo et
convergens Guerin- Predator | America J100 al. (2008), Saito and Bjornson

Meneville, 1842

(2006)

(45
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Table 8.4.2. List and main characteristics of the Coccinellidae species alien within Europe. Country

codes abbreviations refer to ISO 3166 (see appendix I). Habitat abbreviations refer to EUNIS (see appen-
dix II). Phylogeny after Fiirsch (1990), Koch et al. (2006). Last update 01/03/2010.

SubFamily Regime | Native Invaded | Habitat* Hosts References
Species range countries

Scymninae

Scymnus Parasitic/ | West GB, SE G, 12 Dreyfusia Humble (1994),
impexus Predator | Palearctic piceae on Majka and

Mulsant, 1850* spruce and fir McCorquodale (2006)
Epilachninae

Henosepilachna | Phyto- | West GB E5,12, | White bryony | Hill et al. (2005)
argus (Geoffroy, | phagous | Palearctic FA (Bryonia

1762)* divica)

Table 8.4.3. Summary of release dates and records from wild populations of Harmonia axyridis across
Europe. Adapted from Brown et al. (2008a). Updated: 01/03/2010

Country Year of release Year of first record in the wild
(blank if not released)
Ukraine 1964 Unknown
Belarus 1968 Unknown
Portugal 1984
France 1982 1991
Greece 1994 1998
Germany 1997 1999
Belgium 1997 2001
Netherlands 1996 2002
Spain 1995 2003
Switzerland 1996 2004
Luxembourg 2004
England and Channel IsL. 2004
Italy 1990s 2006
Czech Republic 2003 2006
Austria 2006
Denmark 2000s 2006
Wales 2006
Norway 2006
Poland 2007
Liechtenstein 2007
Sweden 2007
Northern Ireland 2007
Scotland 2007
Serbia 2008
Slovakia 2008
Hungary 2008
Bulgaria 2009
Romania 2009
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Abstract

Here we consider 274 alien Coleoptera species belonging to 41 of the 137 beetle families in Europe (Cer-
ambycidae, Curculionidae sensu lato, Chrysomelidae sensu lato and Coccinelidae are treated separately else-
where). Among the families we consider as having invaded the European fauna, Acanthocnemidae and
Ptilodactylidae represent new arrivals. Many species-rich families have surprisingly few aliens, whereas some
relatively minor families such as Dermestidae, Nitidulidae and Anobiidae have a relatively high representa-
tion of alien species. Since the start of the 19th century, the number of coleopteran aliens introduced into
Europe has continued to increase. Alien species colonizing Europe derive from a wide range of geographic
regions as well as ecozones, but the most important source area is Asia. The countries with the largest number
of alien species established are France, Germany and Italy. The majority have been introduced accidentally
via international transport mechanisms. The most important route for importation is stored products and
crops, followed by transport of wood, then horticultural and ornamental plants. Most alien species in these
families are found within anthropogenic habitats in Europe. The introduction of invasive alien beetles in
these families has had significant economic impacts, particularly as pests of stored foodstuffs, as well as seri-
ous ecological impacts. For example, the buprestid species Agrilus planipennis, recently recorded in Russia,
is an important potential economic threat which may also impact the biodiversity associated with ash trees.
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8.5.1. Introduction

Introductions of alien species in Europe started in ancient times (Genovesi and Shine
2003), but this phenomenon has grown rapidly during the two last centuries. This is
considered largely to be a consequence of the globalization of trade (Smith et al. 2007).
Among these introductions, Coleoptera dominate the alien terrestrial invertebrates in Eu-
rope, where the fauna consists of over 27,000 species in 137 families (Fauna Europaea
Web Service). In addition to the alien species observed in the families Cerambycidae, Cur-
culionidae (sensu lato), Chrysomelidae (sensu lato) and Coccinelidae, which were treated
in the preceding chapters, 274 other beetles of exotic or cryptogenic origin have been
established to date in Europe (Table 8.5.1). These alien species belong to 41 different
families. Additionally, 237 species are considered to have been introduced through human
activity from one region of Europe to another (Table 8.5.2). However, the cause of such
movements are often difficult to ascertain, particularly where the original range is poorly
known. Thus, the analyses detailed below will mostly consider the species alien z0 Europe.

8.5.2 Diversity of alien coleopteran species

The Coleoptera families treated here with the greatest number of species in Europe are
Staphylinidae (rove beetles), Carabidae (ground beetles) and Tenebrionidae (darkling
beetles) but these have proportionally few alien species (figure 8.5.1). These three fami-
lies constitute an important component of the European ground fauna (Dajoz 2002).
Conversely, the families with the most aliens in Europe and significant economic im-
pact tend to be families with relatively few native species such as Dermestidae (carpet
beetles), Nitidulidae (sap-feeding beetles) and Anobiidae (death-watch beetles). Two
of the 41 families do not have any native species in Europe and they are new arrivals
for the European fauna: Acanthocnemidae (little ash beetles) and Ptilodactylidae (toe-
winged beetles). The following presentation of families follows the taxonomic classifi-
cation of Fauna Europaea (Fauna Europaca Web Service) and of the Tree of Life Web
Project (Maddison et al. 2007) (for Ptilodactylidae, not included in Fauna Europaea).

ADEPHAGA

The Carabidae, are widespread and known to colonize a great diversity of ecological
niches (Denux et al. 2007, Holland 2002). They are typically predators (as larvae and
adults), although some groups (e.g. Harpalinae) have evolved toward granivory (feeding
on seeds). These life traits do not favour passive transportation by humans, and thus,
only eight alien species have been established in Europe, accounting for approximately
0.2% of the European carabid fauna. Among these, Somotrichus unifasciatus, Trechicus
nigriceps and Plochionus pallens have benefited from the global trade in food products to
become cosmopolitan, being introduced with cargos of groundnuts, rice, broad beans,
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Figure 8.5.1. Relative importance of the Coleoptera families other than Cerambycidae, Curculionidae
sensu lato, Chrysomelidae sensu lato and Coccinelidae families in the alien and native fauna in Europe.
Right - Relative importance of the families in the alien entomofauna. Families are presented in a decreas-
ing order based on the number of alien species. Species alien 70 Europe include cryptogenic species. The
number over each bar indicates the number of alien species observed per family. Lef# - Species richness
of the same families in the native European entomofauna. The number over each bar indicates the total
number of species observed per family in Europe.

cocoa, etc. (Jeannel 1942, Weidner et al. 1984). Only one species is established through-
out Europe: Trechicus nigriceps (recorded in 30 countries). This species seems to have
been imported from the Eastern coast of Africa several centuries ago (Jeannel 1942).

The Dytiscidae (predaceous diving beetles) are all aquatic carnivores. Only one
dytiscid beetle has been reported in our database (DAISIE). This large South American
species, Megadytes costalis, has been recorded once in Great Britain, but there is no data
on its establishment in the wild.

POLYPHAGA STAPHYLINIFORMIA

The Hydrophilidae (water scavenger beetles) are another family of aquatic beetles, eas-
ily distinguished from the Dytiscidae by the length of their maxillary palpi. One tribe,
the Sphaeridiini, is exceptional due to its terrestrial, saprophagous and coprophagous
habits. Many species share mammal dung with scarab beetles. Significantly, among
eight hydrophilids reported as aliens in Europe, seven belong to the Sphaeridiini.
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The Histeridae (clown beetles) are mainly predators, specializing on sapropha-
gous, coprophagous or necrophagous prey. Eight species have been reported in the da-
tabase, but little is known about their life traits, except for the widespread, cryptogenic
Carcinops pumilio, which is common everywhere in natural and anthropized habitats.

The Ptiliidae (featherwinged beetles) are a very small family (120 species in Eu-
rope and 180 in the world) of which 12 alien species have been recorded in Europe.
These are very tiny beetles, including the smallest of all, with a length of just 0.5 mm,
whilst even the largest members of the family do not exceed 2 mm. Adults and larvae
are usually found in rotting organic material in a wide range of habitats. Their small
size and lifestyle means that they are easily dispersed via the movements of soil.

Staphylinidae is the most important group of Coleoptera in Europe and the second
richest in the world (with over 46,000 species), but the number of alien species (31) in
Europe is proportionally low, representing 0.7% of the whole of the Europeans staphyli-
nid fauna. Many genera were not included in Fauna Europaea (Fauna Europaca Web
Service), due to the lack of taxonomic expertise. Staphylinidae alien species found in Eu-
rope are essentially predatory (Coiffait 1972, Paulian 1988) and mainly species associated
with compost, humus and decomposing matter (Cho 2008, ¥degaard and Tommeris
2000, Tronquet 2000), such as Bisnius parcus, Lithocharis nigriceps and Oxytelus migra-
tor. One predatory species, Philonthus rectangulus, has been reported from 36 countries/
islands. Originating from temperate East Asia, it may have expanded westward naturally.

POLYPHAGA SCARABAEIFORMIA

The Trogidae (hide beetles) are a small family of beetles related to the scarabs. They
feed on mammal skins and furs, or on bird feathers, either as late arriving necrophages
on carrion, or as commensals of vertebrates in their nests. Two species from Australasia
have been recorded in Spain in our database.

The Aphodiidae (dung beetle) are mainly small dung beetles, frequently included
in the Scarabaeidae. Four species have been recorded as aliens, in one country only.
Both Saprosites species introduced in Great Britain seem to be saproxylic beetles (An-
gus et al. 2003).

The Rutelidae (leaf chafers) are a family of brightly-coloured beetles, especially
diverse in the tropics. Only one species of this family has been found in the Azores, the
well-known Japanese beetle, Popilia japonica, which is considered as a severe pest in the
United States, where it was introduced from Japan in 1912.

POLYPHAGA ELATERIFORMIA

The Clambidae (minute beetles) are very small beetles that have the capability to roll
into a ball. One species is listed here, the Australian Clambus simsoni, a saprophagous
species which seems to be rapidly expanding in western Europe.
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The Buprestidae (metallic wood-boring or jewel beetles) are a well-known family
of xylophagous beetles. In most cases, the larvae develop in living wood, and a few spe-
cies became major pests in orchards or forests. Only three buprestid species have been
reported as aliens in the database, each observed in only one country.

The Ptilodactylidae, the “toed-winged beetles”, are a group of elateriform Co-
leoptera, which was formely treated as part of the Dascilloidea and included in Byr-
rhoidea (Maddison et al. 2007). Little is known of the biology of adults (Aberlenc and
Allemand 1997). The habit of soil-leaf litter dwelling of both the adults and larvae
facilitates their distribution with potted plants (Mann 2006).

The FElateridae (click beetles) are a large family of beetles with quite diverse life
history traits. Some species have soil-living larvae, either predators or rhizophages, with
reported agricultural pests in the latter category. Other species are saproxylic (predators
or saprophages), some of which are very specialized, and have high conservation value.
Three species are reported as aliens here, occuring in one country each. The life history
traits of these species remain unknown.

POLYPHAGA BOSTRICHIFORMIA

The European Dermestidae comprise only 139 species (less than 1% of the European
Coleoptera fauna) yet they are the largest contributor to the database, with 40 species
reported as aliens. Many species are synanthropic and associated with animal remains,
leathers and skins, dried meats, woollens and furs (Delobel and Tran 1993), such as
Dermestes vorax, D. frischi, D. maculatus, D. lardarius and Anthrenus flavidus. Some
species eat stored seeds such as Trogoderma granarium. The protraction of the number
of larval stages and longevity in suboptimal nutritive media (Delobel and Tran 1993),
as well as the relevance of the food product trade, explain partly how the damaging
pests of this family have easily conquered new territories.

The Lyctidae (true powder-post beetles) are a very small family (13 species in Eu-
rope) closely related to the Bostrichidae. All species are wood-borers, specializing on
hardwoods. They usually attack dry wood that is less than five years old, and may be-
come important pests of structural wood or furniture. As inhabitants of raw or manu-
factured wood products, they are easily transported. Six species have been reported as
aliens in Europe, but only one, Lyctus brunneus, has been established throughout the
continent for more than 150 years.

The Bostrichidae (horned powder-post beetles) are a small family (37 native spe-
cies in Europe). The native species are saproxylophages, whereas the aliens are either
wood-borers or grain-feeders (apparently, some species show both feeding habits)
(Lesne 1901). Seven species have been reported as aliens, and have been found in many
countries. The wood-borers may cause important damage to manufactured objects,
but the stored-product feeders (Dinoderus spp., Rhyzopertha dominica) are the most
economically harmful. Among these, the lesser grain borer, Rhyzopertha dominica, has
been observed in 34 countries/islands.
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The Anobiidae have 19 alien species compared to 402 native species in Europe.
About 11 species are associated with stored food products and include devastating
pests such as Lasioderma sericorne which attacks a wide variety of dried products of
animal or vegetable origin (Espanol 1992, Weidner et al. 1984). Several species attack
soft woody matter: wood in the case of Ernobius mollis, but also books in the case of
Nicobium castaneum, which can cause irrepairable damage. Many cryptogenic anobiid
species are established in Europe for centuries, and may be found in many countries.

POLYPHAGA CUCUJIFORMIA

The Nitidulidae have 26 aliens compared with 219 native species in Europe. A third
of these have occurred as far west as Macaronesia, but the other species have expanded
their range in many countries of mainland Europe. As the majority of species are pollen-
eaters, phytophagous, mycetophagous or predatory, they have a particular agronomic
importance, damaging crops and stored food products. Among these, the 13 aliens
species of the genus Carpophilus cause damage to dried fruits (Weidner et al. 1984).

The Cybocephalidae are a very small family, frequently subsumed within Nitidul-
idae. Cybocephaline beetles are well known predators of armoured scale insects (Coc-
coidea: Diaspididae) throughout tropical, sub-tropical and temperate regions of the
world (Kirejtshuk et al. 1997). They are minute beetles, very convex and able to roll
into a ball, as for Clambidae.

The Silvanidae (silvanid flat bark beetles) are a small family (34 native species in
Europe) of flat beetles, formerly included in the Cucujidae. These insects were original-
ly mycetophages, living under the bark of trees, but the feeding habits of many species
have adapted to grain and fruit feeding, so that they have become synanthropic pests
of stored products (Ratti 2007). Nine species are listed in the database, among which
three are cryptogenic, long-established species occuring in several countries, such as the
sawtoothed grain beetle, Oryzaephilus surinamensis.

The Laemophloeidae (lined flat bark beetles) are a small family of flat beetles
with 23 native species in Europe, which was formerly included in the Cucujidae. They
are closely related to the Silvanidae, and show the same life history traits. Six species,
belonging to the genus Cryprolestes, are reported as aliens in Europe. They have estab-
lished successfully in many countries.

The Phalacridae (shining flower beetles) are a small family of minute, rounded
beetles. One North American species of Phalacrus has been recorded in the Azores,
whose biological traits remain unknown (many species are micro-mycetophages).

The Cryptophagidae (silken fungus beetles) are an important family of myce-
tophagous insects with 228 native species in Europe, living in various habitats. Ten
species have been reported as aliens in Europe, which are now established in many
countries (the Cryptophagidae have the widest species range). The majority of these
species (Cryptophagus spp.) are cryptogenic, feeding on fungal spores or decaying veg-
etal material, sometimes on stored products.
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The Languriidae (lizard beetles) are a small family (12 native species in Europe) of
phytophagous or saprophagous beetles. Three alien species are considered here, with a
rather low dispersal rate. Nevertheless, Cryptophilus integer and Pharaxonotha kirschii
are reported as pests of stored products.

The Erotylidae (pleasing fungus beetles) are a small family of mycetophagous bee-
tles, with many species in saproxylic habitats. One Japanese species, Dacne picta, has
possibly been introduced in Central Europe.

The Cerylonidae (minute bark beetles) are a small family of saproxylic beetles.
They just appear here because a well-known pest of stored grain, Murmidius ovalis, is
now included in this family (formerly Murmidiidae). This is a cosmopolitan species
probably originating from tropical Asia.

The Endomychidae (handsome fungus beetles) are a small family of mycetopha-
gous beetles (Shockley 2009, Shockley et al. 2009b), closely related to the Coccinel-
lidae. Two very small species (Holoparamecus spp.) are cryptogenic and may be found
in many countries worldwide.

The Corylophidae (minute hooded beetles) are another small family of micro-
mycetophagous beetles, which occur in a variety of habitats. One species, Orthoperus
aequalis, from Australia, has now established in 10 countries within Europe.

The Latridiidae (minute hooded beetles) are also a small family with 171 native
species in Europe and 17 aliens which are essentially mycetophagous and associated
with stored food products, such as Dianerella filum or Cartodere nodifer. These species
are also plaster beetles which occupy wet places in the plastered walls of houses (Bouget
and Vincent 2008). However, these latridiids do not appear to have an economic im-
pact (Delobel and Tran 1993) and merely indicate bad food storage conditions.

The Trogositidae (bark-gnawing beetles) are a small family of saproxylic insects,
living as saprophages or predators of other insects under the bark of trees. The three
species reported here are predators of cosmopolitan pests of stored products.

The Cleridae (checkered beetles) are a conspicuous family of brightly coloured
insects. Nearby all species are predators of other insects. Seven species are reported as
aliens in the database, some of them (Necrobia spp.) established in Europe for a long
time. These are either predators of xylophagous beetles or predators of stored product
insects, and thus likely to be transported everywhere with their prey. We include here
in the Cleridae the small family Thanerocleridae, which shows life traits similar to the
typical Cleridae, with one introduced species, Thaneroclerus buqueti.

The Acanthocnemidae, have only one alien species: Acanthocnemus nigricans
which is attracted by forest fires (Schmitz et al. 2002). The recent worldwide expansion
of this species is due to the commercial export of Australian wood (Kreiss et al. 2005).

The Mycetophagidae (hairy fungus beetles) are a family of saproxylic insects, feed-
ing on tree fungi. Two species, specialized on fungi growing on rotten vegetal material,
are reported in the database. Tjphaca stercorea is a well-known cryptogenic species,
whereas Litargus balteatus is an American species found only recently in Europe

The Ciidae (minute tree-fungus beetles) are another family of saproxylic insects
feeding on tree fungi. Only one species (out of 76 occurring in Europe) is reported
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here as alien, Xylographus bostrichoides. This small insect probably originates from Asia
and has to date been found in 19 European countries.

The Mordellidae (tumbling flower beetles) are a large family (256 native species in
Europe) of flower-dwelling insects, with endophytic larvae. Only one species, Mordel-
listena cattleyana, is considered as an alien in Europe. This is a neotropical insect whose
larvae develop inside tissues of ornamental orchids (Costa Lima 1955). This behaviour
may have enabled its importation through the horticultural trade, since it has been
found in Germany and the Netherlands.

The Ripiphoridae, formerly spelled Rhipiphoridae (wedge-shaped beetles), are a
small family of strange parasitic insects. Their larvae develop in other insect orders,
namely Hymenoptera, Orthoptera or Dictyoptera. One species, Ripidius pectinicornis,
has sometimes been found in harbours, along with its host cockroaches (mainly Blazta
orientalis).

The Zopheridae (ironclad beetles) were previously included in the Colydiidae.
This is a family of saproxylic, bark-living insects with 125 native species in Europe. The
three species reported as aliens in Europe are probably predators of other saproxylic
insects. They are established in one country only, or a small number of countries in the
case of Pycnomerus inexpectus, a species found in tropical greenhouses.

The Tenebrionidae is mainly composed of saprophagous species. Many species are
xerophiles or thermopbhiles, which explains their predominance in areas with hot climate
and their low representation in more temperate zones (Dajoz 2002). About 15 tenebrio-
nid alien species are present in Europe (1.1% of European tenebrionid fauna). The ma-
jority of these species are associated with spoiled or wet cereals (Weidner et al. 1984).
They include very damaging pests, such as species of 7ribolium, which enter cracks in wet
or already damaged seeds, and Alphitobius spp., which feed on mildewed food products.

The Salpingidae (narrow-waisted bark beetles) are a small family of saproxylic bee-
tles with 18 native species in Europe. One species only is mentioned here, Aglenus brun-
neus, formerly included in the Colydiidae (Zopheridae). It is a very small, blind insect,
often found in stables or poultry houses, where it feeds on animal waste (Dajoz 1977).

The Anthicidae (antlike flower beetles) are small beetles resembling ground bee-
tles. Four species are considered as aliens, among 310 native species living in Europe.
These insects typically feed on rotten vegetal material, which has been heated through
fermentation. These life history traits probably enable a wide tolerance to cold tem-
peratures, and some species are cosmopolitan, found everywhere in the world, from
tropical to boreal climates, e.g. Omonadus floralis, recorded in 40 countries.

8.5.3 Temporal trends

Some Coleoptera species were introduced to Europe a very long time ago. Fossils of
alien species have even been found in archeological sites, such as the blind flightless
beetle Aglenus brunneus in Iceland (Buckland et al. 2009) and Amara aulica (alien
but native in Europe), which arrived in the Faroe islands with the Viking settlers
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(Brandt 2006). But the first date of introduction of a new species into a country is
often difficult to establish. A species could have been present for years without its
presence being noticed immediately. Particularly relevant here are small or incon-
spicuous species lacking agronomic or economic impact (e.g. Ptiliidae), and mem-
bers of neglected or hard to identify taxonomic groups (e.g. Cryptophagidae and
Staphylinidae).

The precise date of the first record is available for 201 species (i.e. 73.1% of aliens).
The first statistical data derives from the beginning of the 19th century with the intro-
duction of the nitidulid Carpophilus hemipterus in 1800 by the historical opening of
trade routes (Audisio 1993). Then comes the trogossitid Zenebroides mauritanicus in
1803, and the anobiid Nicobium castaneum in 1807. The endomychid Holoparamecus
depressus arrived in 1843 and the anobiid Lasioderma sericorne in 1848. These detriti-
vores are all associated with stored food products or wood.

We observed an accelerating increase in the number of new records per year (fig-
ure 8.5.2), from 0.1 p.a. between 1800-1849 to 3.5 p.a. during 2000-2007, with an
intermediate level of 1.3 p.a. during the period 1900-1924. During this last period,
33 new alien species were recorded, including 14 alone for the year 1900. This unex-
pected increase coincides with the industrial revolution of the first developing Euro-
pean countries (Cosseron and Faverjon 1991) (Great Britain, Belgium, France, and
Germany) and with the increase in imports ensuing from it.

8.5.4 Biogeographic patterns

8.5.4.1 Origin of alien species

Alien species come from all continents except Antarctica (figure 8.5.3) (arthropods
most represented on this continent are Collembola and mites rather than beetles)
(Schulte et al. 2008). The considerable periods of environmental stress in Antarctic
(Benoit et al. 2009) limit the diversity of insects, even though a very few beetles do
occur there (Vernon et al. 1999), such as the ground-beetles Amblysogenium pacificum
and A. minimum. These factors explain easily the absence of invasives coming from
Antarctic.

About 82 aliens have origins currently considered cryptogenic. These are cosmo-
politan species or distributed mainly in on one or more ecozones, with a tendency to
become cosmopolitan. This is particularly the case with the cryptophagid Cryprophagus
cellaris, a holarctic species which has become practically cosmopolitan following inter-
national commercial exchanges (Delobel and Tran 1993).

Asia is the most important source of aliens, with 58 species established in Europe
(21%), comprising Dermestidae (13 spp.), Staphylinidae (8 spp.), Nitidulidae (6 spp.),
Anthicidae (4 spp.) and Carabidae (3 spp.). These families are generally associated with
stored products, crops, decomposing matter such as compost, and to a lesser extent
with wood. The 16 other families number one or two species of aliens each.
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Figure 8.5.2. Temporal changes in the mean number of new records per year of alien Coleoptera spe-
cies of families other than Cerambycidae, Curculionidae sensu lato, Chrysomelidae sensu lato and Coc-
cinelidae, from 1800 to 2007. The number over each bar indicates the absolute number of species newly

recorded per time period.

About 35 aliens come from Africa and these comprise Nitidulidae (5 spp.), Cara-
bidae (3 spp.), Histeridae (3 spp.), Hydrophilidae (3 spp.) and Tenebrionidae (3 spp.).
Nitidulidae and Tenebrionidae have been transported through stored food products.
The mode of introduction is unknown for Carabidae and Hydrophilidae. There are
also 14 other families having one or two alien species, which are partly associated with
stored food products and wood.

The 55 aliens coming from the American continent (20% of the all alien species
to Europe), include 24 species from North America and 31 species from Central and
South America. From North America, the principal families are Dermestidae (7 spp.),
Nitidulidae (6 spp.) and Tenebrionidae (4 spp.). Four species of Staphylinidae and four
species of Ptiliidae derive from Central and South America. As for Asia and Africa,
the neoarctic and neotropic aliens are mainly associated with foodstuffs and cultures.
About 16 other families coming from America with one or two alien species have also
been recorded in Europe.

Relatively few aliens originate from Australia. The 25 species of Australian origin
include Latridiidae (4 spp.), Ptiliidae (4 spp.) and Staphylinidae (3 spp.). These species
have no economic impact. The 12 other families include one or two alien species each,
among which are species of the stored food products (Prinus ocellus, Anthrenus oceani-
cus, Brachypeplus mauli) or living under the tree bark (Prinella cavelli and P errabunda).

The aliens with a specifically tropical origin (Pantropical) are the least presented in
Europe with 20 species, that is to say 7% of all exotic species to Europe. The families
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Figure 8.5.3. Origin of the Coleoptera species alien 70 Europe of families other than Cerambycidae,
Curculionidae sensu lato, Chrysomelidae sensu lato and Coccinelidae

with the most species are Anobiidae (3 spp.), Bostrichidae (3 spp.) and Tenebrionidae
(3 spp.). The eight other families have only one or two species each. These tropical
aliens are associated with stored food products and fruits.

During different time slices, the origin of alien species has increasingly diversified
(figure 8.5.4). The number of ecozones represented has increased from three (Africa,
Asia, Pantropical) during 1800-1849 to six since 1950-1974 (Africa, Asia, Australa-
sia, Central and South America, North America, Pantropical). The geographic source
has also varied temporally although Asia has always been both an important and early
region of origin. This situation can be explained by the opening of the trade route
between Europe and India by the Cape of Good Hope at the end of the 15th century
(which was also the sole sea route before the opening of the Suez Canal in 1869) and
the strong Western influence which followed, the opium wars and the East India Com-
panies, which revolutionized methods and the extent of the trade with Asia.

We highlight especially two ambiguous periods for biological invasions: 1850-1899
and 1925-1949. During the first period, no new record of an alien from Africa was
recorded in Europe. The same goes for the second period with a fall of the number of
new arrivals detected from South America (nine in 1900-1924 and only two in 1925-
1949). These phenomena may coincide with the Great Depression, the result of the
economic crisis of 1929 (Cosseron and Faverjon 1991, Gravereau and Trauman 2001),
which affected both the level of protectionism on trade routes and the overall volume
of international economic exchange between Europe and its colonies. The consequence
for South America, Asia and Africa was “the crisis of dessert products”, coinciding with
the fall of the purchasing power in Europe and North America. Thus in Brazil for exam-
ple, in an attempt to control the market, coffee was burned in engines (Launay 1999).
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Figure 8.5.4. Temporal changes in the origin of the Coleoptera species alien 0 Europe of families other
than Cerambycidae, Curculionidae sensu lato, Chrysomelidae sensu lato and Coccinelidae

The late arrival of aliens to Europe from North America is remarkable (first record
in 1935) and probably corresponds to weak exports of foodstuffs towards Europe (ex-
cept cereals). For forest biotopes especially, the North American component of species
is small and of limited economic impact in Europe (Dajoz 2007).

8.5.4.2 Distribution of alien species within Europe and their range expansion

The majority of European countries have been directly affected by alien species (fig-
ure 8.5.5), but there is a very great mismatch in the number of species present in one
country versus another.

The archipelago of Svalbard, with an insect fauna of a meagre 230 species (Coulson
2007), seems free from aliens. As in the case of Antarctica, the strong environmental
contraints (harsh temperatures, shortened seasons and strong winds) have evidently
limited the colonization of insects (Hulle et al. 2008) and geographical isolation has
posed a barrier. For Macedonia there is a lack of readily accessible data (Tomov 2009),
which has prevented us updating the situation there.

The countries/islands most affected by aliens are France (126), Germany (107), It-
aly (101), Austria (98), Great Britain (97), Switzerland (91), the archipelago of Azores
(92), Denmark (89) and the Czech Republic (84).
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Figure 8.5.5. Comparative colonization of continental European countries and islands by by the Cole-
optera species alien z0 Europe of families other than Cerambycidae, Curculionidae sensu laro, Chrysomeli-
dae sensu lato and Coccinelidae. Archipelago: I Azores 2 Madeira 3 Canary islands.

The number of aliens per country is not significantly correlated with Global Do-
mestic Product per capita (International Monetary Fund), latitude, nor longitude of
the centroid of the country. In contrast, the number of aliens per country is signifi-
cantly correlated with import (Spearman-Rho 0.650, P-value < 0.001) from 2003 to
2008 (The World Factbook) and also more weakly with area (Spearman-Rho 0.432,
P-value < 0.01).

In spite of its geographical isolation (1500km from Europe, 1450km from
Africa and 3900km from North America) and its small area, the archipelago of
Azores has a large number of aliens. Since their historical discovery, the geographic
position of the Azores has made the islands a strategic harbour for transatlantic
ships, resulting in the introduction overall of several hundreds of taxa (Haggar
1988, Heleno 2008). Twenty-four alien species have been recorded exclusively in
the Azores archipelago.
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Indeed, alien native species in Europe have colonized islands more than other con-
tinental countries. The archipelago of Azores is the most affected with 126 alien species
to Europe, followed by Great Britain (with 58 aliens), Faroe Islands (32 aliens) and
Canary Islands (32 aliens). Perhaps surprisingly, Austria is the most important conti-
nental country affect by alien native to Europe, with 13 species.

8.5.5 Main pathways to Europe

The most important pathways for accidental invasions of exotic species to Europe are
those closely bound to international transport, whereas the most important processes
relating to deliberate introductions are the biological control of agricultural pests and
the pollination of crops (Ruiz and Carlton 2003). Rapidly developing international
trade and the reduction of travel times by air to less than two days, have meant that a
living insect can be transported almost any part of the world (Mouchet et al. 1995).

Only three species have been introduced intentionally in Europe, two for biologi-
cal control. The first is the cybocephalid beetle Cybocephalus nipponicus, originating in
South Korea (Evans et al. 2005) and introduced into Italy for the control of cochineals
bugs (Diaspididae) (Lupi 2002). The second species is Ripidius pectinicornis (Ripi-
phoridae), a parasitoid of the german cockroach Blaztella germanica (Falin 2001) which
was released from culture and is now present in several European countries (Bétis
1912). The third species is the tenebrionid Zophobas morio which has been used for
bird and especially lizard food (Thomas 1995).

About 98.9% of aliens have been introduced accidently in Europe. The exact path-
way of introduction is difficult to establish. The introduction vector is unknown for
123 aliens out of the total of 275. Theses aliens are essentially detritiphagous, saproxy-
lophagous or predatory species.

The first clearly identified means of importation is via stored products and crops
(approximately 120 aliens, or 40%). This can be explained by the importance of the
international stored products trade (cereals, fruits and vegetables) and the primary
position of Coleoptera as pests of stored products (Delobel and Tran 1993). About
20 Coleoptera have been implicated directly in the transport of woods. Some species
have been found in wood derivatives such as Dinoderus minutus, a bostrichid intro-
duced with furniture and bamboo-work (Lesne 1901). Few species have been identi-
fied as transported with horticultural or ornamental products, despite the increase of
economic importance of ornamental pot plants (Lawson 1996), in sharp contrast for
example to the situation in Lepidoptera (see Chapter 11). However, the level may be
underestimated for this route, as some Coleoptera tend to occur in compost and may
pass unnoticed via the pot plant trade.

The extruded starch products used as impact protection for fragile packing can
even be a food source for stored grains pests (Fraga et al. 2009) as for Cryprolestes fer-
rugineus, Lasioderma serricorne and Tribolium castaneum. Thus starch-packings could
become a new vector of introductions in the future.
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8.5.6 Most invaded ecosystems and habitats

The anthropogenic habitats most strongly colonized by coleopteran alien species (fig-
ure 8.5.6), are buildings (50%), cultivated lands (20%) and forest habitats (10%). The
large proportion of species associated with foodstuffs explains this relation. Conversely,
the weak colonization of pseudo-natural habitats can be explained by the near-absence
of phytophagous, and more particularly phyllophagous species among the coleop-
teran families treated here. This result contrasts with the situation for other groups
of predominantly phytophagous insects (Cerambycidae, Chrysomelidae, Lepidoptera:
Chapter 8.1, 8.3, 11).

In spite of the popularity of exotic species for the aquatic animal and plant trade
(Leppikoski et al. 2002) and the fact that migrating waterfowl can transport aquatic
invertebrates or their eggs (Figuerola et al. 2003), surprisingly no water beetle has been
introduced into Europe, except for the dytiscid Megadytes costalis (again contrasting
with the situation for Lepidoptera, the aquatic Pyraloidea: Chapter 11). This low im-
portance of the aquatic route in Coleoptera is also observed in the United States, where
only 2.2% of the invasive arthropods are aquatics (Pimentel et al. 2005).

8.5.7 Ecological and economics impacts

Most alien species do not become invasive in their new locations (Genovesi and Shine
2003). It is often difficult to predict whether a new introduction will actually become
established (Streito and Martinez 2008). However, the subset of alien species that are
invasive may have significant environmental, economic and public health impacts and
threaten the wholesale homogenisation of ecosystems (Sefrova 2005).

Invasive alien species are now considered to be the second greatest cause of global
biodiversity loss after direct habitat destruction (Simberloff 2001) and have adverse
environmental, economic and social impacts from the local level upwards.

The invasion of most Coleoptera treated here bears a direct relation to human pres-
ence (synanthropic species). Their impact is essentially with stored foodstuffs which they
can extensively damage (Sefrova 2005). Coleoptera damaging stored food products on a
global economic scale are very few (Delobel and Tran 1993), but include several species
of aliens in Europe, among which are Cryprolestes ferrugineus, C. pusillus, Lasioderma ser-
ricorne, Oryzaephilus surinamensis, Rhyzopertha dominica, Tribolium castaneum, T. confir-
sum and Trogoderma granarium. The impact of insect pests in a given situation can widely
fluctuate depending on various parameters, in particular on production levels and the
commercial value of those products infested both in time and in a geo-economic context.
However, these synanthropic species are not known to have a direct effect on biodiversity.

The situation for agronomic and forest species can be different. The buprestid
Agrilus planipennis, recently recorded in European Russia, is a very good example. This
xylophagous East Asian species is presently causing significant damage to ash trees
(Fraxinus spp.) in North America (Baranchikov et al. 2008). A. planipennis has killed
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Figure 8.5.6. Main European habitats colonized by the Coleoptera species alien z0 Europe of fami-
lies other than Cerambycidae, Curculionidae sensu lato, Chrysomelidae sensu lato and Coccinelidae. The
number over each bar indicates the absolute number of alien coleopterans recorded per habitat. Note that
a species may have colonized several habitats.

over 15 million forest and ornamental trees in several US States in less than 10 years
(Poland and McCullough 2006). It is alarming that European ash trees are not more
resistant than those of North America (Baranchikov et al. 2008). Agrilus planipennis
could become a serious pest in Europe with a dramatic economy impact as well as
potentially for biodiversity associated with Fraxinus.

Many species are associated with compost and even while their economical impact
may be negligible (as mainly predators or detritivores), ecological disruption may still
occur. This appears to be the case with the Staphylinid Lithocharis ochracea. This native
beetle has declined, supplanted by the alien species L. nigriceps (Qdegaard and Tom-
merds 2000, Tronquet 2000).

Even if the eradication of invasive species seems possible in Europe and in particu-
lar for mammals (Genovesi 2005), the possibility of eradication of invasive Coleoptera
appears much more remote.

8.5.8 Conclusion

On of the most striking consequences of globalization is the increase in the problem
of invasive species (Perrings et al. 2005). The volume of international trade and travel
is now so great, and the modes of entry so varied, that not all consignments or routes
of entry can be screened (Levine and D’Antonio 2003). Three categories are particu-
larly important to highlight for the coleopteran alien species treated here: synantropic
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habitats with essentially stored products, compost (probably that associated with orna-
mental plants), and forest or wood-derived products.
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Table 9.5.1. List and characteristics of the Coleoptera species alien 70 Europe of families other than Cerambycidae, Curculionidae sensu lato, Chrysomelidae sensu
lato and Coccinelidae. Status: A Alien 70 Europe € Cryptogenic. Country codes abbreviations refer to ISO 3166 (see Appendix I). Habitat abbreviations refer to

EUNIS (see Appendix II).

Family Status | Regime Native | 1st record Invaded countries Habitat Host References
species range |in Europe
Acanthocnemidae
Acanthocnemus A phyto- Australasia | 1922, CY, FR, FR-COR, DE, IT, |12 timber, wood Alonso-Zarazaga et al. (2003),
nigricans (Hope phagous FR-COR |IT-SAR, I'T-SIC, PT, ES (Kreiss et al. (2005)
1845)
Anobiidae
Calymmaderus A |phyto- Tropical, |Unknown |PT-AZO J1 stored products | Bercedo et al. (2008), Borges
oblongus (Gorham, phagous | subtropical etal. (2005), Espanol (1979),
1883) Mendonga and Borges (2009)
Epauloecus C |detriti- Crypto-  |1861, DE | AT, BE, BA, BG, HR, CZ, |]J1 barns, cowsheds, | Tomov (2009), Wittenberg et al.
unicolor (Piller and vorous genic DK, EE, FI, FR, FR-COR, animal burrows | (2006)
Mitterpacher) DE, HU, IS, IE, IT, LV, LT,

LU, MD, NL, NO, PL, PT,

PT-AZO, RO, RU, RS, SK,

SL, ES, SE, CH, UA, GB
Ernobius mollis C | phyto- Crypto- Unknown | PT-AZO I, G soft wood, Borges et al. (2005), Espanol
(Linnaeus, 1758) phagous genic sawmills, books | (1992), Mendonga and Borges

(2009)

Gibbium A |detrit- Tropical, |Unknown |[MT J1 stored products | Bellés and Halstead (1985)
aequinoctiale vorous subtropical
Boieldieu, 1854
Gibbium psylloides C detriti- Crypto- 1900, CZ |AL, AT, BE, BA, BG, HR, |]J1 houses, hotels, Bellés (1985), Bellés and
(Czempinski, vorous genic CY, CZ, DK, EE, FI, FR, stored products | Halstead (1985), Duff (2008),
1778) FR-COR, DE, GR, HU, IE, Freude et al. (1969), Sefrova and

IT, IT-SAR, IT-SIC, MT,
MD, NL, PL, PT, PT-MAD,
RO, RU, RS, SK, ES, ES-
BAL, SE, CH, UA, GB

Lastuvka (2005), Wittenberg et
al. (20006)
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Family Status | Regime Native | 1st record Invaded countries Habitat Host References
species range |in Europe
Lasioderma sericorne A phyto- Tropical, 1848, PT | AL, AT, BG, CZ, DK, EE, |]J1 tobacco, stored Borges et al. (2005), Espanol
Fabricius, 1792 phagous subtropical HU, IT, I'T-SAR, IT-SIC, products (1992), Freude et al. (1969),
LV, MT, PT, RS, CH Glavendekic et al. (2005),
Sefrova and Lastuvka (2005),
Wittenberg et al. (2006)
Mezium affine C detriti- Crypto- Unknown | AT, DK, DE, PT-AZO, PT- |] mills, stored Bellés (1985), Freude et al.
Boieldieu 1856 vorous genic MAD, ES, ES-CAN, SE products, bird (1969)
nests
Mezium A detriti- North Unknown |IT, IT-SAR, MT, PT-AZO |] stored products Bellés (1985), Borges et al.
americanum vorous America (2005)
Laporte de
Castelnau, 1840
Nicobium C | phyto- Crypto-  |1807, PT | AT, BA, HR, CY, CZ, FR, |] soft wood Espanol (1992), Freude et al.
castaneum (Olivier, phagous genic FR-COR, DE, GR, IT, I'T- furniture, old (1969), Mendonga and Borges
1790) SAR, IT-SIC, MT, PL, PT, books (2009), Sefrova and Lastuvka
PT-AZO, PT-MAD, RO, (2005)
SIL, ES, ES-BAL, ES-CAN,
CH, UA
Ozognathus A detriti- North 2005, ES |MT, RO, ES ) dead wood Allemand (2008), Bercedo et al.
cornutus (LeConte, vorous America (2005), Zahradnik and Mifsud
1859) (2005)
Pseudeurostus hilleri A detriti- Asia- 1993, DE | DK, DE ] likely scavenger
(Reitter 1877) vorous Temperate and inhabitant of
residues, potential
minor pest of
feed mills and
warehouses
Prilineurus A |phyto- Asia 1999, FR | FR, SE G trees Imperial Institute of Entomology
marmoratus phagous (1930)

(Reitter, 1877)
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Family Status | Regime Native | 1st record Invaded countries Habitat Host References
species range |in Europe
Ptinus bicinctus C detriti- Crypto- 1856, FR | AT, BY, BE, BA, BG, HR, |]J1 stored products | Freude et al. (1969)
Sturm 1837 vorous genic CZ, DK, EE, FI, FR, FR-
COR, DE, HU, IT, I'T-SAR,
LV, NL, NO, PL, RO, RU,
RS, SK, SI, ES, SE, CH, UA
Prinus clavipes C detriti- Crypto- Unknown |EE, LV, MT, ES-CAN, GB |]J1 stored products, | Duff (2008), Freude et al.
Panzer, 1792 vorous genic fur (1969), Machado and Oromi
(2000)
Prinus fur C detriti- Crypto- 1940, BG |AL, AD, AT, BY, BE, BA, J1,J6 | waste, dried Bengtson (1981), Borges et al.
(Linnaeus 1758) vorous genic BG, HR, CY, CZ, DK, vegetals (2005), Duff (2008), Mendonga
EE, FO, FI, FR, FR-COR, and Borges (2009), Tomov
DE, GR, HU, IS, IE, IT, (2009)
IT-SAR, I'T-SIC, LV, LI, LT,
LU, MT, MD, NL, NO,
PL, PT, PT-AZO, PT-MAD,
RO, RU, RS, SK, SI, ES,
ES-BAL, ES-CAN, SE, CH,
UA, GB
Ptinus latro C detriti- Crypto- 1850, CZ | AL, AT, BY, BE, BA, BG, ] old wood, Borges et al. (2005), Freude et
Fabricius, 1775 vorous genic HR, CY, CZ, DK, EE, FI, synanthropic al. (1969), Sefrova and Lastuvka

FR, FR-COR, DE, GR,
GR-CRE, HU, IE, IT, I'T-
SAR, IT-SIC, LV, LI, LT,
LU, MT, MD, NL, NO,
PL, PT, PT-AZO, PT-MAD,
RO, RS, SK, SI, ES, ES-
CAN, SE, CH, UA, GB

(2005), Tomov (2009)
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Family Status | Regime Native | 1st record Invaded countries Habitat Host References
species range |in Europe
Ptinus tectus A detriti- Australasia [1916, DE |AT, BY, BE, BA, BG, HR, |]J1 stored products | Allemand (2008), Bengtson
Boieldieu 1856 vorous CY, CZ, DK, EE, FO, FI, (1981), Duff (2008), Wittenberg

FR, DE, GR, HU, IE, IT, et al. (2006)

LV, LT, LU, MD, NL, NO,

PL, PT, PT-AZO, RU, RS,

SK, SI, ES, SE, CH, UA,

GB
Tricorynus tabaci A phyto- C&S 1965, CZ |HR, CZ, DK, FR, DE, IT |] seeds, stored Freude et al. (1969), Sefrova and
(Guérin-Méneville, phagous America products; Lastuvka (2005)
1850) crataegus in

native fields
Trigonogenius A detriti- C&S 1939, CZ |CZ, DK, GB ] dried animal Duff (2008), Ratti. Coleotteri
globulus Solier, vorous America products, insects, |alieni in Italia., Sefrova and
1849 herbarium, stored | Lastuvka (2005)
products

Anthicidae
Anthicus crinitus A unknown |Asia Unknown | CY, GR, GR-SEG, MT, ] anthropophilous, |Pollock and Ivie (1996)
La Ferte-Senectere, PT-MAD larva scavenger
1849
Anthicus A unknown |Asia 1982, IT |IT U Degiovanni and Pezzi (2007)
czernohorskyi Pic,
1912
Omonadus floralis A detriti- Asia- 1951, AL, AT, BA, BG, HR, CY, |]J6 vegetal decay, Freude et al. (1969), Hemp and
(Linnaeus 1758) vorous Tropical HR, BG |CZ, DK, EE, FI, FR, FR- detritiphage, Dettner (2003), Machado and

COR, DE, GR, GR-CRE,
GR-ION, GR-SEG, HU,
IE, IT, IT-SAR, I'T-SIC, LV,
LL LT, MT, NL, NO, PL,
PT, PT-AZO, PT-MAD,
RO, RU, SK, ES, ES-BAL,
ES-CAN, SE, CH

mycophage, adult
predator

Oromi (2000), Mendonga and
Borges (2009), Tomov (2009)
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Family Status | Regime Native | 1st record Invaded countries Habitat Host References
species range |in Europe
Stricticomus tobias A detriti- Asia 1944, IT |AT, BY, BE, CZ, DK, EE, IJ1 rotten vegetal Duff (2008), Freude et al.
(De Marseul 1879) vorous FR, FR-COR, DE, HU, tissues (1969), Machado and Oromi
IT, IT-SAR, IT-SIC, LV, (2000), Telnov (1996),
LT, MT, MD, NL, PT, PT- Wittenberg et al. (2006)
MAD, SK, ES, ES-CAN,
SE, CH, GB
Aphodiidae
Aphodius gracilis A | detriti- Africa Unknown | PT-AZO E dung Baraud (1985)
Boheman, 1857 vorous
Saprosites mendax A detriti- Australasia | 1921, GB |GB 12 rotting wood; in | Baraud (1992), Duff (2008),
Blackburn, 1892 vorous borings of Dorcus | Paulian and Baraud (1982)
and Sinodendron
beetles
Saprosites natalensis A |detrit- Africa 1982, GB |GB 2 rotting wood Duff (2008)
(Peringuey, 1901) vorous
Tesarius caelatus A | detriti- North 1976, GB |GB U Baraud (1992), Duff (2008)
(Laconte, 1857) vorous America
Bostrichidae
Apate monachus A phyto- Tropical, |Unknown |FR, FR-COR, IT-SAR, IT- |G3,12 |polyphagous stem |Freude et al. (1969), Lesne
Fabricius, 1775 phagous subtropical SIC, ES borer, fruit trees, |(1901)
Acacia
Bostrychoplites A phyto- Africa Unknown | DK, DE, IT, ES, SE ] timber (ethnic Freude et al. (1969), Ratti.
cornutus (Olivier phagous carved wooden Coleotteri alieni in Italia.)
1790) bowls and
ornaments )
Dinoderus A phyto- Tropical, |Unknown |AT, BE, HR, DK, DE, NL, |] bamboo borer Duff (2008), Freude et al.
bifoveolatus phagous subtropical PT-MAD, SK, ES, SE, CH, (N); dried cassava | (1969), Lesne (1901)

(Wollaston, 1858)

GB

chips and stored
products

LyE



Family Status | Regime Native | 1st record Invaded countries Habitat Host References

species range |in Europe

Dinoderus minutus A phyto- Tropical, 1965, CZ | AL, BE, CZ, DK, FR, DE, |],12 bamboo, manioc | Duff (2008), Freude et al.

(Fabricius, 1775) phagous subtropical GR, IT, I'T-SAR, IT-SIC, (Cassava), stored | (1969), Lesne (1901),Lesne
NL, PL, SK, SE, GB products (intro) | (1904), Sefrova and Lastuvka

(2005)

Rhyzopertha A phyto- Asia- 1900, CZ |AL, AT, BY, BE, BG, HR, |]J1 stored products, |Borges et al. (2005), Cobos

dominica phagous Tropical CY, CZ, DK, EE, FI, FR, mainly cereals (1986), Duff (2008), Freude

(Fabricius, 1792) FR-COR, DE, GR, GR- et al. (1969), Lesne (1901),
SEG, IE, IT, I'T-SAR, I'T- Lesne (1904), Machado and
SIC, LV, MT, NL, PL, PT, Oromi (2000), Mendonga and
PT-AZO, RO, SK, ES, ES- Borges (2009), Sefrova and
BAL, ES-CAN, SE, CH, GB Lastuvka (2005), Tomov (2009),

Wittenberg et al. (2006)

Sinoxylon A |phyto- Africa Unknown | DE ] Acacia wood borer | Lesne (1901)

senegalense Karsch, phagous (N); imported

1831 construction

wood

Heterobostrychus A |phyto- Asia 2005, BE |BE J xylophagous, Lesne (1901)

hamatipennis phagous Salix, osier goods

(Lesne, 1895)

Buprestidae

Agrilus planipennis A | phyto- Asia 2003 RU 12 Fraxinus Baranchikov et al. (2008)

Fairmaire, 1888 phagous

Buprestis decora A |phyto- North Unknown | ES-CAN 12 Cobos (1986), Machado and

Fabricius, 1775 phagous America Oromi (2000)

8%¢
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Family Status | Regime Native | 1st record Invaded countries Habitat Host References
species range |in Europe
Chrysobothris A phyto- Africa 1986, ES |ES F5,1 Ratti. Coleotteri alieni in Italia.)
dorsata (Fabricius, phagous
1787)
Carabidae
Laemostenus A parasitic/ | Africa Unknown |FR, FR-COR, IE, PT-AZO, |B, ], littoral in ports, |Anderson et al. (2000), Arndt
complanatus predator ES-CAN, GB H1 cellars caves (2006), Borges et al. (2005),
(Dejean, 1828) Duff (2008), Jeannel (1942),
Luff (1998), Luff (2007),
Machado (1976), Machado and
Oromi (2000), Mendonga and
Borges (2009), Perrault (1981),
Perrault (1984)
Leistus nubivagus A |parasitic/ |Africa Unknown | ES-CAN U Machado (1976), Machado and
Wollaston, 1864 predator Oromi (2000), Perrault (1981)
Notiobia A | phyto- C&S Unknown | ES-CAN 12 seeds of Machado and Oromi (2000),
cupripennis phagous America Amaranthus Perrault (1984)
(Germar, 1824)
Plochionus pallens A parasitic/  |C &S 2000, NL | DK, FR, DE, HU, I'T, NL |] in ports, Trautner and Geigenmuller
(Fabricius, 1775) predator America transported with | (1987), Valemberg (1997)
peanuts, raisin
storages
Prerostichus caspius A parasitic/ | Asia- 1980, CZ |BG, CZ U Predator Hurka (1996), (Sefrova and
(Ménétriés, 1832) predator | Temperate in various Lastuvka (2005), Valemberg
environments, (1997)
pyrophilous
Somotrichus A |parasitic/ |Africa Unknown |FR, IT ] predator of Jeannel (1942), (Valemberg
unifasciatus predator beetles in stored | (1997)

(Dejean, 1831)

products, avian

droppings
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Family Status | Regime Native | 1st record Invaded countries Habitat Host References
species range |in Europe
Trechicus nigriceps A parasitic/ | Asia- 1902, DE |AT, BE, BA, BG, HR, CZ, |I1,12, |compost, Borges et al. (2005), Darlington
(Dejean, 1831) predator Tropical DK, FI, FR, DE, HU, IT, J1,J6  |predator, gardens; |(1964), Duff (2008), Hurka
LV, LI, LU, MD, NL, NO, also in peanuts (1996), Luff (2007), Machado
PL, PT-AZO, PT-MAD, RS, and Oromi (2000), Mendonga
SK, SI, ES, ES-CAN, SE, and Borges (2009), Neculiseanu
CH, UA, GB and Matalin (2000), Serrano
et al. (2003), Tomov (2009),
Trautner and Geigenmuller
(1987), Valemberg (1997),
Wittenberg et al. (2006)
Cerylonidae
Murmidius ovalis A detriti- Asia Unknown | AL, AT, DK, FR, DE, HU, |(J1 stored products Duff (2008), Wittenberg et al.
(Beck 1817) vorous IT, PL, CH, GB (few damage- (2006), Moncoutier (2002)
ports)
Philothermus A |detriti- Tropical, |Unknown |FR,IT X11 botanical garden | Stoch: Checklist of the species of
montandoni Aube, vorous subtropical the italian fauna)
1843
Ciidae
Xylographus A detriti- Asia? Unknown |AT, BY, BA, BG, HR, CZ, |I feeds on fungi Tomov (2009)
bostrychoides vorous DK, FR, FR-COR, GR,
(Dufour 1843) HU, IT, I'T-SAR, I'T-SIC,
PL, RO, SK, ES, UA
Clambidae
Clambus simsoni A detriti- Australasia | 1987, SE | AT, FR, DE, NL, SE, GB G forest, firewood, | Duff (2008), Tamisier (2004)
Blackburn 1902 vorous

€ompost; myco-

phagous

0S¢
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Family Status | Regime Native | 1st record Invaded countries Habitat Host References
species range |in Europe
Cleridae
Necrobia ruficollis C parasitic/ | Crypto- 1976, LT |AT, DK, EE, FI, HU, LT, J1,J6  |predator onold |Borges etal. (2005), Du
(Fabricius 1775) predator genic NO, PT-AZO, SE, CH bones, decaying | Chatenet (2000), Freude et al.
animals (1979), Mendonga and Borges
(2009), Wittenberg et al. (2006)
Necrobia rufipes A parasitic/ | Tropical, 1935, LT |AT, BG, DK, EE, FI, DE, J1,J6 | predator, Borges et al. (2005), Du
(De Geer 1775) predator subtropical LT, NO, PT, PT-AZO, SE, necrophage, seeds | Chatenet (2000), Freude et al.
CH with oil content | (1979), Haines and Rees (1989),
(copra, soya), Tomov (2009), Wittenberg et al.
dried fish (2006)
Necrobia violacea C parasitic/ | Crypto- 1976, LT | AT, DK, FI, HU, LT, NO, |J1,J6 |old bones, prey Freude et al. (1979), Wittenberg
(Linnaeus 1758) predator genic SE, CH dry carrion et al. (2006)
Opetiopalpus A parasitic/ | Africa Unknown | AT, EE, FR, DE, ES ] old timber houses | Du Chatenet (2000), Freude et
scutellaris (Panzer predator al. (1979)
1797)
Paratillus carus A parasitic/ | Australasia | 1933, GB | FR, GB G,I2 predator on Du Chatenet (2000), Duff
(Newman, 1840) predator Lyctiidae (2008)
Tarsostenus C parasitic/ | Crypto- 1990, CZ | AT, CZ, CH ) predator on Du Chatenet (2000), Freude et
univittatus (Rossi, predator genic Bostrychidae, al. (1979), Sefrova and Lastuvka
1792) Anobiidae (2005), Wittenberg et al. (2006)
Thaneroclerus A parasitic/ | Asia 1963, CZ |CZ, DE, IT, PL ] predator on Du Chatenet (2000), Freude et
buqueti (Lefebvre, predator insects on al. (1979), Sefrova and Lastuvka
1835) tobacco, rice (2005)
(Lasioderma,
Areaocerus)
Corylophidae
Orthoperus aequalis A detriti- Australasia | Unknown | HR, FR, FR-COR, IT, G, 12 Borges et al. (2005), Bowestead
Sharp 1885 vorous PT-AZO, PT-MAD, ES, (1999), Duff (2008), Machado

ES-CAN, CH, GB

and Oromi (2000), Ratti.
Coleotteri alieni in Italia.)
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Family Status | Regime Native | 1st record Invaded countries Habitat Host References

species range |in Europe

Cryptophagidae

Atomaria lewisi A detriti- Asia 1937, GB | AL, AT, BY, BE, HR, CZ, 12,J1, |mycophage; Duff (2008), Freude et al.

Reitter, 1877 vorous DK, EE, FI, DE, IT, LV, LT, |G compost, In (1967), Ddegaard and Tommeris
MD, NO, PL, PT-AZO, SK, decaying plant (2000), Sefrova and Lastuvka
SE, CH, UA, GB material (2005), Wittenberg et al. (2006)

Caenoscelis A detriti- North 1950, GB |BY, HR, CZ, EFE, FI, FR, G, X11, | mycophage; Duff (2008), Falcoz (1929),

subdeplanata vorous America FR-COR, DE, IT, LV, LT, 12, FB | forests In Freude et al. (1967), Ratti.

C.Brisout de LU, MT, MD, NL, NO, PL, decaying wood Coleotteri alieni in Italia., Tomov

Barneville, 1882 PT-MAD, RU, SI, ES, ES- and plant material | (2009), Wittenberg et al. (2006)
CAN, SE, CH, UA, GB

Cryptophagus C  |detriti- Crypto- 1956, BG |AL, AT, BY, BE, BA, BG, ] attic, mills Falcoz (1929), Freude et al.

acutangulus vorous genic CZ, DK, EE, FI, FR, DE, (1967), Tomov (2009)

Gyllenhall, 1828 IT, LV, LT, PL, RO, RS, SK,
SI, SE, CH, UA, GB

Cryprophagus affinis C detriti- Crypto- 1956, BG |AL, BG, CZ, FR, GR, IT, ] fungi, dry fruits | Borges et al. (2005), Duff

Sturm 1845 vorous genic IT-SIC, LV, MT, PT-AZO, (2008), Falcoz (1929), Freude et
PT-MAD, RO, ES-CAN, al. (1967), Machado and Oromi
GB (2000), Mendonga and Borges

(2009), Tomov (2009)
Cryprophagus C detriti- Crypto- 1939, PT |AL, AT, BY, BE, BA, BG, ] mycophagous, Borges et al. (2005), Duff
cellaris (Scopoli, vorous genic HR, CZ, DK, FI, FR, DE, stored products, |(2008), Falcoz (1929), Freude et

1763)

GR, HU, IT, I'T-SIC, LV,
MT, MD, NL, NO, PL, PT,
PT-AZO, PT-MAD, RO,
SK, SI, ES-CAN, SE, CH,
UA, GB

herbariums,
insects

al. (1967), Machado and Oromi
(2000), Moncoutier (2002),
Tomov (2009)
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Family Status | Regime Native | 1st record Invaded countries Habitat Host References
species range |in Europe
Cryptophagus fallax C  |detriti- Crypto- 1900, CZ |AL, AT, BY, BE, BA, BG, J1 stored products | Duff (2008), Freude et al.
Balfour-Browne, vorous genic CZ, DK, EE, FI, FR, DE, (1967), Sefrova and Lastuvka
1953 IE, IT, IT-SIC, LV, LT, MT, (2005), Tomov (2009)
NL, PL, RO, RS, SK, SI,
SE, CH, UA, GB
Cryptophagus pilosus C detriti- Crypto- 1956, BG |BY, BG, FO, FR, LV, PT- J1 attic Bengtson (1981), Borges et al.
Gyllenhal 1828 vorous genic AZQO, PT-MAD (2005), Enckell et al. (1987),
Falcoz (1929), Freude et al.
(1967), Mendonga and Borges
(2009), Tomov (2009)
Cryptophagus C detriti- Crypto- 1956, BG |AD, AT, BY, BE, BA, BG, |]J1 dry fruits, nuts Duff (2008), Falcoz (1929),
subfumatus Kraatz, vorous genic CZ, DK, EE, FI, FR, FR- Freude et al. (1967), Tomov
1856 COR, DE, IT, IT-SAR, (2009)
LV, LT, MD, NL, NO, PL,
PT-AZO, PT-MAD, SK, SI,
ES-CAN, SE, CH, UA, GB
Curelius japonicus C | detriti- Crypto- 1997, 1T |DE, IT, MT, ES, ES-CAN |U probably a fungus | Peck (2009)
(Reitter, 1877) vorous genic feeder
Henoticus A detriti- North Unknown |BY, BE, DK, FR, DE, NL, |]J1 stored products | Duff (2008), Falcoz (1929),
californicus vorous America SE, GB Freude et al. (1967), Ratti.
(Mannhereim Coleotteri alieni in Italia.)
1843)
Cybocephalidae
Aglyptinus A |parasitic/ | Africa 1912, GB |ES-CAN, GB G, potters bar Duft (2008), Machado and
agathidioides Blair predator EI2,] Oromi (2000)
1930
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Family Status | Regime Native | 1st record Invaded countries Habitat Host References
species range |in Europe
Cybocephalus A |parasitic/ | Asia- 2002, IT |IT J100 predator of scales | Evans et al. (2005), Lupi (2002),
nipponicus predator | Temperate Ratti. Coleotteri alieni in Italia.)
Endrody-Younga,
1971
Dermestidae
Anthrenocerus A detriti- Australasia | 1933, GB |FR, NL, GB J1 clothes Duff (2008), Freude et
australis (Hope, vorous al. (1979), Hava (2003),
1843) Hava. A Catalogue of World
Dermestidae., Reemer (2003)
Anthrenus caucasicus| A | detriti- Asia 1941, LV |AT, LV, PL J1,12, |larvascavenger; |Freude etal. (1979), Hava.
Reitter, 1881 vorous E adult on flowers | A Catalogue of World
Dermestidae., Ruta et al. (2004)
Anthrenus flavidus A detriti- Asia 1935, PL |DE, PL J1,LE wood, paper, Freude et al. (1979), Hava.
Solsky, 1876 vorous leather and A Catalogue of World
woven fabrics Dermestidae.)
in collections in
museums
Anthrenus flavipes C detriti- Crypto- 1955, PL |BG, CZ, DK, IT-SAR, IT- |J1,G |domestic, feeds Duff (2008), Freude et
LeConte, 1854 vorous genic SIC, PL, CH, GB on furnitures, al. (1979), Hava (2003),
fabrics, etc., adult | Hava. A Catalogue of World
pollinophage; Dermestidae., Ratti. Coleotteri
larva necro- alieni in Italia., Sefrova and
phagous (facces, |Lastuvka (2005), Tomov (2009),
cadavers, pine Wittenberg et al. (2006)
processionnary
nests)
Anthrenus oceanicus A detriti- Australasia |2004, CZ |CZ, MT JILE stored products Hava (2003), Hava. A Catalogue
Fauvel, 1903 vorous of World Dermestidae., Sefrova

and Lastuvka (2005)
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Family Status | Regime Native | 1st record Invaded countries Habitat Host References

species range |in Europe

Attagenus A | detriti- C&S Unknown |DE ] stored products | Hava (2003)

diversepubescens Pic, vorous America

1936

Attagenus fasciatus C detriti- Crypto- 1927, DE |BG, DE, IT, MT, GB J1,J6  |necrophagous, in |Duff (2008), Freude et al.

(Thunberg, 1795) vorous genic vegetal (1979), Hava (2003), Ratti.

Coleotteri alieni in Italia., Tomov
(2009)

Attagenus gobicola A | detriti- Asia- Unknown |SE ] stored products | Hava (2003)

Frivaldszky, 1892 vorous Temperate

Atragenus lynx A |detriti- Asia- Unknown |PL ] stored products | Hava (2003)

(Mulsant & Rey, vorous Temperate

1868)

Attagenus smirnovi C detriti- Crypto- 1973, RU |BY, CZ, DK, LV, NO, PL, |]1 pest of animal- Barsevskis et al. (2004), Duff

Zhantiev, 1973 vorous genic RU, CH, GB origin material (2008), Hava (2003), Ruta et
(skin, furs, wool) |al. (2004), Sefrova and Lastuvka
but also buildings, | (2005)
entomological
collections

Attegenus unicolor C | detriti- Crypto- 1978, GB |BG, CZ, DK, LV, PL, CH, |J1,]6, |domestic, feeds |Borges etal. (2005), Duff

Brahm 1791 vorous genic GB E mainly on (2008), Freude et al. (1979),
fabrics, adult Hava (2003), Hermann and
pollinophage; Baena (2004), Kadej (2005),
larva Tomov (2009), Wittenberg et al.

necrophagous and
cereals

(2000)
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species range |in Europe

Dermestes ater De C detriti- Crypto- 1868, GB | AT, BG, EE, FR, DE, LT, J1,J6  |necrophagous Duff (2008), Freude et al.

Geer 1774 vorous genic MT, PL, PT-AZO, ES- (1979), Haines and Rees (1989),

CAN, CH, GB Hava (2003), Machado and

Oromi (2000), Sefrova and
Lastuvka (2005), Wittenberg et
al. (2006)

Dermestes bicolor A | detriti- Asia- Unknown | ES-CAN ] stored products | Freude et al. (1979), Hava

Fabricius, 1781 vorous temperate (2003), Machado and Oromi
(2000)

Dermestes A |detriti- C&S 1919, PL |BE, FR, IE, PL, GB J1,J6, |necrophagousin |Freude etal. (1979), Haines and

carnivorus vorous America G houses, bird nests, | Rees (1989), Hava. A Catalogue

Fabricius, 1775 dead fish of World Dermestidae.)

Dermestes coronatus A detriti- Asia Unknown |PL E grasslands Hava (2003)

Steven 1808 vorous

Dermestes frischi C detriti- Crypto- 1862, GB |BG, DK, EE, FR, IE, LV, J1,J6 | domestic Borges et al. (2005), Duff

Kugelann, 1792 vorous genic LT, PT-AZO, GB (2008), Freude et al. (1979),
Haines and Rees (1989), Hava
(2003), Hava. A Catalogue of
World Dermestidae., Mendonca
and Borges (2009), Tomov
(2009)

Dermestes lardarius C detriti- Crypto- 1880, BG |BG, DK, EE, FR, HU, LT |]J1,J6 |necrophagous but | Camerini (2009), Freude et al.

(Linnaeus, 1758) vorous genic in vegetal matters |(1979), Haines and Rees (1989),

(peanuts, corn), | Hava (2003), Hava. A Catalogue
eggs predation of World Dermestidae., Tomov

(2009)

Dermestes leechi A detriti- Asia Unknown |ES, GB ] crushed bones Duff (2008), Hava (2003),

Kalik, 1952 vorous

Hava. A Catalogue of World

Dermestidae.)
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Family Status | Regime Native | 1st record Invaded countries Habitat Host References
species range |in Europe
Dermestes maculatus C detriti- Crypto- 1871, PL |AL, AT, BG, FR, IE, LT, J1,J6 | domestic, Borges et al. (2005), Duff
De Geer, 1774 vorous genic MT, PL, PT, PT-AZO, CH, on animal (2008), Freude et al. (1979),
GB products, fabrics, |Haines and Rees (1989), 88180,
necrophagous Wittenberg et al. (2006)
but in vegetal
matter(corn
kernels)
Dermestes A detriti- C&S 1919, PL | AT, CZ, FR, DE, IT, PL, J1,J6, |domestic, on Freude et al. (1979), Haines
peruvianus Laporte vorous America ES-CAN, CH, GB G animal products, |and Rees (1989), Hava (2003),
de Castelnau, 1840 fabrics;, Machado and Oromi (2000),
necrophagous but Sefrova and Lastuvka (2005)
in vegetal matter
(corn kernels)
Dermestes vorax A | detriti- Asia- Unknown |IT ] detrivorous Freude et al. (1979), Hava
Motschulsky, 1860 vorous Temperate (2003)
Novelsis horni A |detriti- C&S Unknown |NL ] Hava (2003), Hava. A Catalogue
(Jayne, 1882) vorous America of World Dermestidae.)
Orphinus fulvipes A |detrid- Tropical, |Unknown |FR, GB ] stored products | Duff (2008), Freude et al.
Guerin-Meneville vorous subtropical (1979), Hava (2003)
1838
Phradonoma A detriti- Asia- Unknown | DK, NL ] Hava (2003), Hava. A Catalogue
tricolor (Arrow, vorous Tropical of World Dermestidae.)
1915b:431)
Reesa vespulae A detriti- North 1977, GB |CZ, DK, EE, FR, DE, IT, |]1 domestic places Duff (2008), Freude et al.
(Milliron, 1939) vorous America LV, NO, SE, CH, GB and in museum | (1979), Hava (2003), Martinez

collections

and Cocquempot (1985), Ratti.
Coleotteri alieni in Italia.,
Sefrova and Lastuvka (2005),
Wittenberg et al. (2006)
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species range |in Europe

Sefrania bleusei Pic A detriti- Africa 1998, PL |FR, PL J1,J6 | fish bones, Beal and Kadej (2008), Hava

1899 vorous window sills, (2003), Hava. A Catalogue of
entomological World Dermestidae., Ruta et al.
collections (2004)

Telopes heydeni A | detriti- Africa Unknown |FR J1 Freude et al. (1979), Hava

Reitter 1875 vorous (2003)

Thaumaglossa A parasitic/ | Asia, Africa| Unknown | DE, NL U egg cases of Freude et al. (1979), Hava

rufocapillara predator mantids (2003)

Redtenbacher,

1867

Thorictodes heydeni C detriti- Crypto- 1958, IT |IT J1 stored seeds, Ratti. Coleotteri alieni in Italia.,

Reitter, 1875 vorous genic peanuts Freude et al. (1979), Hava

(2003)
Thylodrias contractus A detriti- Asia- 1935, IT |FR, IT, GB J1 animal materials | Duff (2008), Sefrova and
Motschulsky, 1839 vorous Temperate Lastuvka (2005), Freude et al.
(1979), Hava (2003)

Trogoderma A detriti- C&S 1921, PL |AT, CZ, DK, DE, LV, LT, J1 domestic Barsevskis et al. (2004), Freude et

angustum (Solier, vorous America PL, SE, CH situations and al. (1979), Hava (2003), Ruta et

1849) in museum al. (2006), Sefrova and Lastuvka
collections (2005), Wittenberg et al. (2006)

Trogoderma C detriti- Crypto- 1904, BG | AT, BG, DK, FR, LV, LT, J1 domestic Duff (2008), Freude et al.

glabrum (Herbst, vorous genic CH, GB situations and in | (1979), Hava (2003), Tomov

1783) nests of solitary | (2009), Wittenberg et al. (2006)
wasps

Trogoderma A |detriti- Asia 1895, GB |AL, AT, BG, CZ, DK, DE, |J1 stored products, | Duff (2008), Freude et al.

granarium Everts, vorous HU, IE, IT, I'T-SAR, I'T- especially cereals | (1979), Hava (2003), Sefrova

1898

SIC, PL, CH, GB

and Lastuvka (2005), Tomov
(2009), Wittenberg et al. (2006)
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Family Status | Regime Native | 1st record Invaded countries Habitat Host References
species range |in Europe
Trogoderma A detriti- North 1956, GB |AL, IT, PL, GB J1 psychophage, Duff (2008), Hava (2003),
inclusum LeConte, vorous America stored products Hermann and Baena (2004),
1854 Ratti. Coleotteri alieni in Italia.)
Trogoderma insulare A | detriti- C&S Unknown |FR ] stored products | Hava (2003)
Chevrolat, 1863 vorous America
Trogoderma A detriti- Asia 2005, CZ |AL, CZ J1 stored products Hava (2003), Hava. A Catalogue
longisetosum Chao vorous of World Dermestidae., Sefrova
& Lee, 1966 and Lastuvka (2005)
Trogoderma A detriti- C&S 1900, CZ | AL, AT, CZ, FR, IT, NL, SE |J1 insects in Freude et al. (1979), Hava
megatomoides vorous America collection (2003), Ratti. Coleotteri alieni
Reitter, 1881 in Tralia., Sefrova and Lastuvka
(2005)
Trogoderma A detriti- Asia 1978, GB |CZ, FI, IT, LV, SE, GB J1 wheat, any dry Duff (2008), Hava (2003),
variabile Ballion, vorous vegetal and Hava. A Catalogue of World
1878 animal stored Dermestidae., Sefrova and
products in Lastuvka (2005), Ratti.
warehouse; major | Coleotteri alieni in Italia.)
pest
Trogoderma C | detriti- Crypto-  |Unknown |AT J eggs predation Camerini (2009), Freude et al.
versicolor (Creutzer, vorous genic (1979)
1799)
Dytiscidae
Megadytes costalis A |parasiic/ |[C&S Unknown |GB U predator Duff (2008)
Fabricius, 1775 predator | America
Elateridae
Cardiophorus taylori A phyto- Africa 1952, DE |DE U unknown
Cobos, 1970 phagous
Conoderus posticus A | phyto- C&S Unknown | PT-AZO U Chrysanthemoides | Borges (1990), Borges et al.
(Eschscholtz) phagous America monilifera (2005), Mendonga and Borges

(2009)
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Family Status | Regime Native | 1st record Invaded countries Habitat Host References
species range |in Europe
Panspaeus guttatus A |phyto- Australasia [1981, GB |GB U unknown Duff (2008), Freude et al. (1979)
Sharp, 1877 phagous
Endomychidae
Holoparamecus C detriti- Crypto- 1937, FR, | AT, BG, FR, FR-COR, DE, |L,],]J6 |on fungus, on Borges et al. (2005), Moncoutier
caularum Aube, vorous genic FR-COR |CH decaying plant (2002), Shockley et al. (2009a),
1843 material, attic Tomov (2009)
Holoparamecus C detriti- Crypto- 1843, FR | DK, FR J,J6 flour, dry fruits, | Curtis (1836), Shockley et al.
depressus Curtis, vorous genic medicinal plants, |(2009a)
1833 decayed wood
Erotylidae
Dacne picta Crotch, A detriti- Asia 1954, AL, CZ, FR, FR-COR, IT, |] shitake Tablokoff-Khnzorian (1975),
1873 vorous FR-COR |PL, ES mushrooms Sefrova and Lastuvka (2005)
Histeridae
Carcinops pumilio C parasitic/ | Crypto- 1995, LT |AT, BG, DE, LV, LT, PT- E cadavers, faeces, | Borges (1990), Borges et al.
(Erichson, 1834) predator genic AZ0O, CH Dracunculus (2005), Freude et al. (1971),
Mendonga and Borges (2009),
Tomov (2009), Wittenberg et al.
(2006)
Carcinops troglodytes| A |parasitic/ |C & S Unknown | PT-AZO ] predator on Borges et al. (2005)
(Paykull, 1811) predator America Tribolium,
Sitophilus in
manioc, poultry
fly predator
Chalcionellus A parasitic/ | Africa Unknown | FR E feces, cadavers Freude et al. (1971), Gomy
decemstriatus predator (2006), Gomy (2008), Gomy
Reichardt, 1932 (2009)
Diplostix mayeti A |parasitic/ |Africa Unknown | FR 12 predator under | Delobel and Tran (1993),
(Marseul, 1870) predator bark and pods, Yélamos (1992)

peanuts, manioc
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species range |in Europe

Hister bipunctatus A parasitic/ | Africa 1974, FR |CY, FR, ES E dung

Paykull, 1811 predator

Hypocaccus C parasitic/ | Crypto- Unknown |IT, PT-AZO B1 cadavers, faeces, |Mendonga and Borges (2009)

brasiliensis (Paykull, predator  |genic sandy soil

1811)

Paromalus luderti A detriti- C&S Unknown | FR, ES, ES-CAN I decaying Opuntia | Gomy (2008), Machado and

Marseul, 1862 vorous America in native range; Oromi (2000)
straw and manure
in invaded area

Saprinus lugens A |detrit- North 1984, 1T |HR, FR, IT, IT-SAR, I'T- H cadavers, facces | Ratti. Coleotteri alieni in Italia.)

Erichson, 1834 vorous America, SIC, PT, ES

C&S
America

Hydrophilidae

Cercyon inquinatus A unknown |Africa Unknown |AT, HR, CZ, IT, PT-AZO, |U decomposing Borges et al. (2005), Boukal et

Wollaston, 1854 ES-CAN seaweed, rotting | al. (2007), Machado and Oromi
fruits, cave guano | (2000), Ryndevich (2004)

Cercyon laminatus A parasitic/ | Asia- 1950, AL, AT, BE, CZ, DK, EE, |E3, compost, Duff (2008), Freude et al.

Sharp, 1873 predator Temperate |CZ, IT FI, FR, DE, IT, L'T, NL, ES, |F9,1 predator, In (1971), @degaard and Tommeris

SE, CH, GB various humid (2000), Ratti. Coleotteri alieni in

environments; Italia., Wittenberg et al. (20006)
wet grasslands

Cercyon nigriceps A parasitic/ | Asia? Unknown |CZ, PT-AZO U Borges et al. (2005), Boukal et

(Marsham, 1802) predator al. (2007), Freude et al. (1971),

Mendonga and Borges (2009),
Ryndevich (2004)
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Family Status | Regime Native | 1st record Invaded countries Habitat Host References
species range |in Europe
Cryptoplenrum A parasitic/ | Asia- 1950, IT |AL, AT, BE, CZ, DK, FI, E3, compost, Duff (2008), Freude et al.
subtile Sharp, 1884 predator Temperate FR, DE, HU, IT, NL, NO, |F9,1 predator, In (1971), @degaard and Tommerdis
SE, CH, GB various humid (2000), Sefrova and Lastuvka
environments (2005), Wittenberg et al. (2006)
Dactylosternum A parasitic/ | Africa Unknown |HR, CY, FR, DE, GR, IT, |C1+C2 |thermophilic, Borges et al. (2005), Machado
abdominale predator PT-AZO, PT-MAD, ES, standing water and Oromi (2000), Mendonca
(Fabricius, 1792) ES-CAN with plants; and Borges (2009)
egg predator on
banana weevil in
Kenya
Oosternum sharpi A unknown |North Unknown |PT-AZO Cl,D |in standing water |Borges et al. (2005), Mendonga
Hansen, 1999 America and Borges (2009), Peck (2009)
Pachysternum A unknown | Africa Unknown | GR, IT, ES-CAN C1,D |instanding water |Boukal et al. (2007), Fikacek and
capense (Mulsant, Boukal (2004), Machado and
1894) Oromi (2000), Ratti. Coleotteri
alieni in Italia.)
Pelosoma lafertei A unknown |C &S 1929, IT |FR, IT D1-D4 |plant held waters, | Fikacek and Boukal (2004),
Mulsant, 1844 America 2Je or phytotelmata | Sharp (1882-1887)
Laemophloeidae
Cryptolestes C detriti- Crypto- 1990, FR | AT, BY, CZ, DK, FR, DE, |J1, G1 |under oak bark, |Santamaria et al. (1996)
duplicarus (Wald vorous genic HU, PL stored products
1834)
Cryptolestes C detriti- Crypto- 1875, CZ | AT, BY, BE, BG, HR, CZ, |J1,G |stored products, |Borges etal. (2005), Duff
Sferrugineus vorous, genic DK, FI, FR, DE, GR, HU, under bark (2008), Mendonga and Borges
(Stephens, 1831) parasitic/ IT-SIC, LV, LT, MT, PL, PT, (2009), Santamaria et al. (1996),
predator PT-AZO, PT-MAD, RS, ES, Sefrova and Lastuvka (2005),

SE, CH, UA, GB

Tomov (2009), Wittenberg et al.
(2006)
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Family Status | Regime Native | 1st record Invaded countries Habitat Host References
species range |in Europe
Cryptolestes C detriti- Crypto- 1978, IT |AT, BE, HR, CZ, DK, FI, |] stored products, | Duff (2008), Ratti. Coleotteri
pusilloides (Steel & vorous genic FR, DE, GR, HU, IT, I'T- psychophage/ alieni in Italia., Santamaria et al.
Howe, 1952) SIC, MT, PL, PT, PT-MAD, mills (1996)
RS, ES, SE, UA, GB
Cryptolestes pusillus A detriti- Tropical, |1875,CZ |AL, AT, BY, BG, CZ, DK, |] synanthropic, Borges et al. (2005), Moncoutier
(Schonherr, 1817) vorous subtropical FR, DE, IT, I'T-SAR, MT, grain, damage (2002), Santamaria et al. (1996),
PT-AZO Sefrova and Lastuvka (2005),
Tomov (2009)
Cryprolestes spartii C detriti- Crypto- 1991, FR |AL, EE, FR, FR-COR, DE, |]J1,F corn flour; dry Santamaria et al. (1996),
(Curtis, 1834) vorous genic PT-AZO, ES, ES-CAN, CH wood (Saro- Wittenberg et al. (2006)
thamnus)
Cryprolestes turcicus C detriti- Crypto- 1904, FR | AL, AT, BE, HR, CZ, DK, |]J1 dry fruits, Borges et al. (2005), Duff
(Grouvelle, 1876) vorous genic FI, FR, DE, GR, HU, IT, grain, wheat, (2008), Santamaria et al. (1996),
IT-SAR, I'T-SIC, PL, PT, synanthropic Sefrova and Lastuvka (2005),
PT-AZO, PI-MAD, RS, ES, Wittenberg et al. (2006)
SE, CH, UA, GB
Languriidae
Cryprophilus integer C detriti- Crypto- Unknown | AT, MT, PT-AZO, CH J1 stored products; | Borges et al. (2005), Mendonga
(Heer, 1841) vorous genic mycophagous, and Borges (2009), Wittenberg
Vigna et al. (2006)
Cryprophilus A detriti- Asia 1982, DE | AT, DK, FR, DE I hay Callot (2003)
obliteratus vorous
Reitter,1874
Pharaxonotha C | detriti- Crypto- 1900, CZ |CZ J1 psychophage, Sefrova and Lastuvka (2005)
kirschii Reitter, vorous genic grain, floour
1875
Latridiidae
Adistemia watsoni C  |detriti- Crypto- 1959, CZ |CZ, FR, DE, CH, GB J1, 1 Tamarindus seeds, | Bouget and Vincent (2008), Duff
(Wollaston, 1871) vorous genic dry fruits, Feeds | (2008), Freude et al. (1967),

on fungus, found
in herbariium

Sefrova and Lastuvka (2005),
Wittenberg et al. (2006)
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Family Status | Regime Native | 1st record Invaded countries Habitat Host References
species range |in Europe
Cartodere bifasciata A detriti- Australasia | 2000, DE |AT, BE, CZ, DK, FR, DE, |G,I2 |mycophagous, Bouget and Vincent (2008),
(Reitter, 1877) vorous NL, PT-MAD, SE, CH, GB under bark Duff (2008), Reemer (2003)
Cartodere delamarei A detriti- C&S 1976, FR |FR I, J6 mycophagous, Bouget and Vincent (2008),
(Dajoz, 1960) vorous America vegetal decay Vincent (1999)
Cartodere nodifer A detriti- Australasia | 1850, DE |AL, AT, BY, BE, BA, BG, LJ6 mycophagous, Borges et al. (2005), Bouget and
(Westwood, 1839) vorous HR, CY, CZ, DK, EE, FI, compost, attic, Vincent (2008), Duff (2008),
FR, FR-COR, DE, GR, hay Machado and Oromi (2000),
GR-CRE, HU, IS, IE, IT, Mendonga and Borges (2009),
IT-SAR, I'T-SIC, LV, LI, LT, Tomov (2009)
LU, MT, MD, NL, NO,
PL, PT, PT-AZO, PT-MAD,
RO, RU, RS, SK, SI, ES,
ES-BAL, ES-CAN, SE, CH,
UA, GB
Cartodere constricta C detriti- Crypto- 1889, GB |BY, FR, LV, NO, SE, GB J1,J6 | mycophagous, Bouget and Vincent (2008),
(Gyllenhal, 1827) vorous genic compost, dry Duff (2008), Telnov (1996)
fruits, remains,
dust
Corticaria C detriti- Crypto- 1889, GB | AT, BY, BE, BA, BG, HR, G,1,] |forest humus, Borges et al. (2005), Bouget and
elongata(Gyllenhal vorous genic CZ, DK, EE, FI, FR, FR- rotten fruits, hay, | Vincent (2008), Duff (2008),
1827) COR, DE, GR, HU, IT, firewood Freude et al. (1967), Mendonga
IT-SAR, I'T-SIC, LV, LT, and Borges (2009), Moncoutier
LU, MD, ME, NL, NO, PL, (2002), Telnov (1996), Tomov
PT, PT-AZO, RO, RS, SK, (2009)
ES, SE, CH, UA, GB
Corticaria fenestralis C detriti- Crypto- 1908, FR | AT, BY, BG, FR, DE, CH G,1,] |vegetal refuses, Bouget and Vincent (2008),
Linneaus, 1758) vorous genic hotels, houses, Duff (2008)

pine bark
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Family Status | Regime Native | 1st record Invaded countries Habitat Host References
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Corticaria fulva C detriti- Crypto- 1874, FR | AT, BY, BG, FR, DE, PT- I, J6 Fungi on cacao, | Borges et al. (2005), Bouget and
(Comolli, 1837) vorous genic AZO, CH spices, cereals, Vincent (2008), Duff (2008),
decaying plant Freude et al. (1967), Mendonga
material and Borges (2009), Tomov
(2009), Wittenberg et al. (2006)
Corticaria pubescens C detriti- Crypto- 1897, GB | AT, BY, FR, DE, HU, LT, I,J6 tobacco, Bouget and Vincent (2008),
(Gyllenhal, 1827) vorous genic CH medicinal plants, |Freude et al. (1967), Wittenberg
on fungus, on et al. (2006)
decaying plant
material
Corticaria serrata C detriti- Crypto- 1997, LT |AT, BY, BG, DE, LT, PT- I, J1,J6 | on fungus, on Borges et al. (2005), Bouget
(Paykull 1798) vorous genic AZ70O, CH decaying plant and Vincent (2008), Freude
material, corn, etal. (1967), Mendonca and
barley Borges (2009), Tomov (2009),
Wittenberg et al. (2006)
Dienerella argus C | detriti- Crypto- 1907, GB |FR, LV, GB G mycophagous, Bouget and Vincent (2008),
(Reitter, 1884) vorous genic mosses, old trees | Duff (2008), Moncoutier (2002),
Telnov (1996)
Dienerella costulata C  |detriti- Crypto- 1900, CZ |CZ, DK, FR ) foodstuffs, Bouget and Vincent (2008),
(Reitter, 1877) vorous genic roots, cellars, Sefrova and Lastuvka (2005)
appartments
Dienerella filum C detriti- Crypto- 1850, FR |AT, BE, BG, CZ, FR, DE, |L] cereals, herbaria, |Bouget and Vincent (2008), Duff
(Aubé, 1850) vorous genic IE, LV, MT, SE, CH, GB yeast, on fungus, |(2008), Freude et al. (1967),
on decaying plant | Moncoutier (2002), Sefrova and
material Lastuvka (2005), Tomov (2009)
Lathridius A detriti- Australasia | Unknown | PT-AZO U unknown Duff (2008), Freude et al.
australicus Belon, vorous (1967), Mendonga and Borges
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Family Status | Regime Native | 1st record Invaded countries Habitat Host References
species range |in Europe
Latridius minutus C detriti- Crypto- 1852, FR | AT, BY, BG, FO, FR, FR- L] cereals/ mills, Bengtson (1981), Borges et al.
(Linnaeus, 1767) vorous genic COR, DE, LV, LT, PT-AZO, cellars, attic, (2005), Bouget and Vincent
CH, GB on fungus, on (2008), Duff (2008), Enckell et
decaying plant al. (1987), Freude et al. (1967),
material Moncoutier (2002), Tomov
(2009), Wittenberg et al. (2006)
Metophthalmus A detriti- Australasia | 1928, DE |DE, GB ] fungi on straw, Duff (2008)
serripennis Broun vorous warehouses; dead
1914 leaves
Migneauxia C detriti- Crypto- 1993, DE |AT, DK, FR, DE, PL,CH |L ] rice, on fungus, Bouget and Vincent (2008),
orientalis Reitter, vorous genic on decaying plant | Wittenberg et al. (2006)
1877 mate