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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. Th rough 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. Th e 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. Th e inventory, 
accounts, and distribution maps today provide the fi rst qualifi ed reference system on 
invasive alien species for the European region. Th e information presents an outstand-
ing resource to synthesise current knowledge and trends in biological invasions in Eu-
rope. Th e 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 Th e 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, fi sh, am-
phibians, reptiles, birds and mammals. Data were collated for all 27 European Union 
member states (and separately for their signifi cant island regions), other European 
states (Andorra, Iceland, Liechtenstein, Moldova, Monaco, Norway, the European 

BioRisk 4(1): 1–3 (2010)
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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.

Th e 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. Th e 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. Th e 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. Th us 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). Th e 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. Th is substantial work will set 
the benchmark for authoritative assessments of invasive terrestrial invertebrates.
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Th rough DAISIE, Europe is today the continent with the most complete informa-
tion on its alien biota. Th e 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 eff orts. 
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 eff orts 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. Th is 
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. Th is species is then native 
(indigenous) to this area.

Th ese natural biogeographical barriers have increasingly been overcome by hu-
man dispersal and humans now inhabit all parts of the world. Th is process of human 
dispersal started in Africa more than 100,000 years ago, and is an intrinsic part of 
human history. At fi rst, 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. Th e speed of movements increased in the last centuries and today, we can reach 
virtually any spot on earth by airplane within 24 h. Th e 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 fi rst 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 
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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. Th us, the year 1492, when Colum-
bus set foot on the fi rst Caribbean island was the starting point of this self-accelerating 
process later called globalisation.

Th is 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. Th rough 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. Th eir 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. Th us, there is an important diff erence 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. Th ese last species are called alien to 
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 diffi  cult to disentangle the 
eff ect 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 fl ora) 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. Th e higher the natural biological diversity is, 
the greater the biotic resistance is against additional, foreign species. If ecosystems are 
disturbed (e.g. by fi re, fl ooding or erosion) or are artifi cial 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 
diff erent 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 diff erent from the resident species since they have evolved 
in a diff erent environment. Th ey 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. Th ey can fi ll hitherto empty niches, they may 
change matter fl ux or impact energy fl ow. Such changes aff ect 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.

Th e 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 aff ect 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: Th e alien species has thus caused a loss of biodiversity.

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

Besides such environmental impacts many alien species cause enormous econom-
ic impacts or directly infl uence 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 camoufl ages 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. Th e process 
from the fi rst 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 fi rst introduction, it is decisive if the new environment fi ts 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. Th e 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: “Th e whole matter goes far wider than any technological discus-
sion of pest control, though many of the examples are taken from applied ecology. 
Th e 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 diff erent parts of the world is setting up 
terrifi c dislocations in nature. We are seeing huge changes in the natural population 
balance of the world” (Elton 1958). Elton was among the fi rst to describe the typical 
pattern of an alien species establishment. Th at what he called “biological explosion” is 
today known as biological invasion (Nentwig 2008). He was also among the fi rst 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 
fi rst 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 
scientifi c 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 confi ned, 
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 identifi ed? 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.

Th erefore, the European Commission, in its Sixth Framework Programme, 
launched a call for an inventory of alien invasive species. Th e successful application 
was awarded to a consortium of leading researchers of biological invasions in Europe, 
drawn from 19 institutions across 15 countries. Th e 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.

Th e 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 eff ects that alien invertebrate species have on biological diversity, 
health and society, knowledge of their eff ects and potential risks is still insuffi  cient. 
Th is 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 fi rst 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. Th e book will 
focus on the 1590 terrestrial arthropod species presently identifi ed as aliens to Europe. 
Th ey will be presented by taxonomic rank. For each group, additional information will 
be provided about the species alien in Europe whenever the actual status of such spe-
cies can be considered as ascertained with regard to the diffi  culties 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). Th ese 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%). Th ree of the insect orders, namely Coleoptera, Hemiptera and Hymenop-
tera, overall account for nearly 65 % of the total. Th e 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 signifi cantly modifi ed the composition of the fauna in Europe. Examples are 
given. Th e number of new records of aliens per year has increased exponentially since the 16th century, but 
a signifi cant acceleration was observed since the second half of the 20th century, with an average of 19.6 
alien species newly reported per year in Europe between 2000 and 2008. Th is 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 diff erences 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 diff erences 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. Th e number of alien species per country is signifi cantly corre-
lated with socioeconomic and demographic variables.
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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). Th ese 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, Vilá 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, Niemelä 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 (Niemelä 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. Th e horse-chestnut leaf miner, Cameraria ohridella Deschka and 
Dimić, 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).

Th us, 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 (Šefrová and Laštůvka 2005), 
Scandinavia (Nobanis 2005), the United Kingdom (Hill et al. 2005, Smith et al. 
2007), Italy (Pellizzari et al. 2005), Serbia and Montenegro (Glavendekić 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 fi rst time an overview 
of the alien fauna of arthropods that has established on the continent. DAISIE identi-
fi ed 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. Th e 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.

Th e 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 diff erent 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 fi ve 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 to Europe; i.e. of ascertained exotic origin or cryp-
togenic (see Chapter 1 for defi nitions): family, feeding regime, date and country of fi rst 
record in Europe, invaded countries, habitats, plant or animal host, and one reference at 
least (usually that of the fi rst record). In a number of cases, a second table includes a list 
and similar information for the species considered as alien in 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 diffi  cult 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 defi nition 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.

Th e 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 fi rst step for the invasion of continental Europe, the islands of the Altantic 
Ocean (Madeira, the Canary Islands, Th e 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.

Th is substantial work allowed us to fi gure out the relative importance of the 
diff erent taxa of alien arthropods in a standardized fashion to other groups as well as to 
compare their respective habitats (Pyšek et al. 2009), and environmental and economic 
impacts (Vilá et al. 2009). Th e present chapter presents the most important patterns 
exhibited by the terrestrial arthropods alien to 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). Th ese alien species are dispersed across 33 taxonomic orders, including two 
orders of crustaceans, 10 of myriapods (three of chilopods, fi ve 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). Th ree 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. Th e number of alien Hymenoptera established in Europe is thus much 
higher than previously considered (Daisie 2009). Diptera (6.2 %), Lepidoptera (6.1 
%) Th ysanoptera (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. Th e 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 signifi cantly diff ers from that of the native 
European arthropod fauna. Calculations done on insects have revealed that establish-
ment patterns diff er 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%). 
Th e 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%). Diff erences are less pro-
nounced for Coleoptera (25.0 vs. 30.0%) and Lepidoptera (6.1 vs. 10%).
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Th e 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). Th ese 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 (Th ripidae). 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 signifi cantly modifi ed 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. Th ese 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-

Figure 2.1. Relative importance of the diff erent phyla in the 1590 species of arthropods alien to Europe. 
Species of ascertained exotic origin and cryptogenic species are presented separately. Th e number to the 
right of each bar indicates the total number of alien species observed per phylum.
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Figure 2.2. Relative importance of the diff erent taxonomic orders in the 1590 species of arthropods alien 
to Europe. Species of ascertained exotic origin and cryptogenic species are summed. Th e 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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Figure 2.3. Families of arthropods contributing most to the fauna alien to Europe. Only the families 
with numbers of alien species equal to 10 or more are shown. Corresponding taxonomic orders are indi-
cated by diff erent colors. Th e number to the right of each bar indicates the total number of alien species 
observed per family.

In some other families, alien species could be over-represented. Th is 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 modifi ed the faunal taxonomic structure in dermestid beetles (21.9 % of aliens), 
tetranychid mites (15.1 %), drosophilid fl ies (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 fl ea (Ctenocephalides felis felis (Bouché)), the rat fl ea (Xenopsylla  cheopis 
(Rothschild)) or the human fl ea (Pulex irritans L). are probably allochtonous in Europe, 
having arrived in ancient times with their hosts (Mey 1988; Beaucournu and Launay, 
1990). Th us, 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 identifi cation 
of the archaeozoans* has appeared diffi  cult for arthropods. Th erefore, we only qualifi ed 
as aliens the neozoan* species, i.e. those having likely been introduced after 1500.

Th e 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). Th us, 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. Th e 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 fi rst record in Europe- the single temporal 
datapoint usually obtainable- may be used as a proxy for the date of fi rst arrival.

Th e date of fi rst record in Europe, relying on published papers, could be obtained 
for 1421 of the 1590 alien species (89.4%). Th e number of new records per year ap-
pears to have increased exponentially since the 16th century, but a signifi cant accelera-
tion was observed during the second half of the 20th 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 fi rst half of the 20th 
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). Specifi c analyses per taxa have confi rmed these tendencies. Whereas 
the arrival of mites (see Figure 7.4.2), scales (see Figure 9.3.2.), fl ies (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 fl eas (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. Th e remaining 226 cryptogenic invertebrates are mostly cosmo-

Figure 2.4. Temporal changes in the mean number of new records per year of arthropod species alien 
to Europe from 1500 to 2008. A Total arthropods (Best fi t: y= -0.411- 0.407x + 0.304 x2; r2 = 0.965) 
B Detail per feeding regime.



Alain Roques /  BioRisk 4(1): 11–26 (2010)20

politan species for which there is no agreement regarding their area of origin. Th is 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. Th e horse-chestnut leaf miner, Cameraria ohridella, 
is illustrative of the diffi  culty 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 specifi cally 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. Th e contribution of tropical and subtropical areas is surprisingly impor-
tant. Th e overall contribution of species from Australasia, Africa, Central and South 
America in combination with species of undefi ned 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 diff er signifi cantly 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).

Figure 2.5. Region of origin of the 1590 arthropod species alien to 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 diff erent orders 
revealed signifi cant diff erences (χ2= 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 signifi cant 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 suffi  cient 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 fi ve 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 signifi cantly more (8.5±0.5 countries) than phytophagous 
species (7.1±0.3) and parasitoids/ predators (5.5±0.3) (Krsukall-Wallis test. F2,1598= 
10.97; P=0.0000).

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 diff erences 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. Th e same ranking is obtained when the number of alien 
species per km2 is considered. Diff erences in sampling eff ort may have aff ected the 
analyses. However, the number of alien insects is signifi cantly 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. Th e 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 signifi cant infl uence (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 km2; F1,53 = 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 infl uence the number of alien insect spe-

Figure 2.7. Comparative colonization of continental European countries and islands by dipteran speci-
es alien to Europe. Archipelagos: 1 Azores 2 Madeira 3 Canary islands.
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Figure 2.8. Comparison between the number of fi rst records for Europe observed for the alien species in 
a country (left) and the total number of alien species now present in the country (right).

cies (P=0.6404). In addition, the country or island where a species was fi rst recorded in 
Europe has been identifi ed for 1399 species out of the 1590 alien arthropods (Figure 
2.8). Th e same country ranking was obtained as for the total number of arthropods 
present per country. Indeed, there is signifi cant 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). Th ese results confi rm the decisive 
importance of socioeconomic and demographic drivers in arthropod invasion.
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Abstract
Th is chapter reviews the pathways and vectors of the terrestrial alien arthropod species in Europe accord-
ing to the DAISIE-database. Th e 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. Th e 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. Th e 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. Th e 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. Th is 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. Th ese 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 identifi ed 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. Th e others are utilised unintentionally, accidentally and may come 
from any direction. Th ese 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 diff erent pathways have major implica-
tions for risk assessment, regulations, management and control (Hulme et al. 2008, 
Hulme 2009).

Human-mediated translocations diff er 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 diff ers 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 
fi rst level, intentional and unintentional ambitions are classifi ed. At the second 
level, pathways are identifi ed, except that the contaminant, stowaway and corri-
dor pathways are summarized as “transport”. At the third level, these are further 
specifi ed 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%). Th is 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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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 crayfi sh species. Th ere 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. García-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 signifi cantly – domesti-
cated honeybees (Apis mellifera) of diff erent provenances (subspecies), which are used 
for breeding, with the aim of producing higher honey yields (Jensen et al. 2005, Moritz 
et al. 2005). Th e same is true for the bumblebee subspecies used for pollination in 
greenhouses (e.g., Bombus terrestris dalmatinus in the UK, Ings et al. 2006).

At the end of the 19th century, two saturniid moths, Samia  cynthia and Antheraea 
  yamamai, were introduced from Asia for silk production, but yields was not profi table 
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, fi sh and aquatic Crustacea (oysters, snails, crayfi sh, 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).

Pathway Motivation Vectors Examples

Release Intentional None Biological control 
Escape Unintentional None Greenhouses
Contaminant Unintentional Food sources, ornamentals, 

vegetables, fruits, wood, 
animals, ... 

Stored product pests, Wood-borers, 
Leaf-miners, Gall-producers, 
Endoparasites

Stowaway Unintentional Any cargo Ants, Cockroaches
Corridor Unintentional Ships, cars Cameraria ohridella
Unaided Unintentional None Secondary spread from point of 

entry 

Table 3.1. Pathway terminology and examples of vectors of terrestrial alien arthropod species in Europe.
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3.2.1. Biological control: Ecology vs Economy

Th e most important pathway for deliberate release of terrestrial alien arthropods is 
biological control (BC). Th ere has been some controversy about the pros and cons of 
this technique to control pest organisms (e.g. Howarth 1991, van Lenteren et al. 2006, 
Babendreier 2007, Murphy and Evans 2009). Whereas non-target eff ects 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 diff erent 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 eff ects, it is useful to distinguish between this classical BC and 
augmentative BC, where control is achieved by periodic releases without permanent 
establishment intended. Similarly, fl ightless 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 whitefl ies 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-

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%)

Table. 3.2. Pathways of the alien arthropod species in Europe, according to the DAISIE-database. Due 
to double entries the sum diff ers.
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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 eff ects 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. Th e 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 (Th omas 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 (butterfl ies 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

Th e 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 confi rmed by surveys in the areas surrounding such 
buildings (e.g. Vierbergen 2001, Aukema and Loomans 2005). Well-known examples 
include the Western Flower Th rips  Frankliniella occidentalis, the Cotton Aphid   Aphis 
gossypii, and the Cotton Whitefl y   Bemisia tabaci, all of which reproduce in the fi eld 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.
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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). Th is 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 naïve environments.

3.3.2. Contaminant: Going for a ride?

Th e contaminant pathway describes the unintentional transport of species within or on 
a specifi c 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 fi rst arrival of the red 
palm weevil  Rhynchophorus ferrugineus.

Th e most striking example of contamination is associated with the introduction of 
the Potato (Colorado) beetle, Leptinotarsa  decemlineata, to Europe. Spanish conquis-
tadors in the 16th century brought the potato plant from South America to Europe, 
although it was not appraised as a human food source until the mid-17th century. After 
a severe decline of potato cultivation in Ireland in 1845–1857, caused by the intro-
duced potato blight  fungi Phytophthora 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 fi elds until 1922, when it succeeded in France. Th e 
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 fl owers, 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 Mosquitofi sh 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, Coff ey 2007).
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Th e 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 fl ies 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 
et al. 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 Schaff ner 2007). Establishment in other parts of 
Europe is very likely within the next decades, supported by climate change (Schaff ner 
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 Schaff ner 2007, van 
der Weijden et al. 2007). Th e 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 “fi rst” records of the species in the vicin-
ity of airports. From there the species spreads unaided depending on habitat (maize 
fi elds) availability.

Ants (Formicidae) are among the most invasive organisms globally, particularly 
hazardous on oceanic islands (e.g. Holway et al. 2002, Lach and Hooper-Bùi 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 
off ering shelter. Th e 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 19th 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  curvatum and the Asian hornet Vespa   velutina. Th e 
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). Th e latter was only recently 
detected in France, probably introduced with pieces of pottery from China (Villemant 
et al. 2006). Th ese 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

Th e 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 ohridella 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 fl ightless Southern Oak Bush Cricket (Mecone-
ma meridionale) and the Speckled Bush-Cricket ( Leptophyes 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 fl y away

Th e 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. Th is 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 refl ected 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 ohridella in Germany and France (Gilbert et 
al. 2004, 2005). Th e 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. Th e 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 diffi  cult to prove and 
require specifi c techniques (e.g. molecular biology) (e.g. Diabrotica virgifera – Miller et 
al. 2005, Ciosi et al. 2008).

Controversy surrounds the defi nition 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 fi nd 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 infl uence, such species may be considered as alien. Particularly in arthro-
pods, however, it is sometimes diffi  cult 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-1. In Europe, the western fl ower thrips 
 Frankliniella occidentalis stays ahead with up to 249 km year-1 (Kirk and Terry 2003). 
However, in many if not most cases, additional pathways including long-distance dis-
persal or at least a combined stratifi ed 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

Th ere 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 Neopangaea 
(Scotese 2001). Th e ultimate consequences of such a process for the functioning of 
ecosystems and their services to mankind are far from being well understood.

Th ere 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 signifi cance 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 diff er signifi cantly (Kenis et al. 
2007, Roques 2010). Th is 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 eff ects 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 diffi  cult to achieve.

Anthropogenic climate change acts upon several levels of biological invasions (e.g. 
Walther et al. 2009, Th omas and Ohlemüller 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. Ødegaard and Tømmerås (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, infl u-
encing invasion pathways and vectors by creating new opportunities and depleting 
traditional routes.

Species-specifi c 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. Th ink-
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 Økland (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. Th is is especially true for Europe, where 
targeted research on invasion pathways should be encouraged. Following identifi cation 
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 certifi ed treatments) aiming at reducing propagule pressure. Th ere are 
diff erent 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 fi lter 
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. Th e 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 eff ectively with biological invasions in Europe 
(Hulme et al. 2009).
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Abstract
More than 65% (1040 species) of arthropod species alien to 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 diff erences in habitat affi  nity are observed between alien taxo-
nomic groups. Phytophagous species are predominant among aliens, representing 47.2% of species alien 
to Europe.
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4.1 Introduction

Th e 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 diff er-
ent habitats. Such an assessment is a fundamental component of early detection and 
identifi cation of those environments that are more prone to invasion, that will provide 
a baseline for optimizing actions to prevent, monitor and control invasion (Pyšek 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 to 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 affi  nity.

We compared the numbers of established alien species occurring in 11 Europe-
an habitats defi ned according to the European Nature Information System, level 1 
(EUNIS) (Davies et al. 2004). Th is standard classifi cation of European habitats has 
been chosen as a platform in several diff erent studies on biological invasions in Europe 
(Chytrý et al. 2008, Daisie 2009, Pyšek et al. 2010). In this classifi cation, a ‘habitat’ 
is defi ned as ‘a place where plants or animals normally live, characterized primarily by its 
physical features (topography, 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 diff erent 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 I2 and X11, X22, X23, X24, X25); and 
urban settlements (J) to which we added a specifi c code for greenhouses (J100). Th ese 
broad categories may not precisely refl ect the habitat(s) actually colonized by some 
species, but their use standardizes comparisons between very diff erent taxa such as 
arthropods, plants and vertebrates.

Th e habitats in the system adopted here diff er considerably in the number of alien 
arthropod species they contain. Aliens show a strong affi  nity 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 to Europe, most of these species being likely to occur in several diff er-
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). Th ese results 
confi rm the analysis of Roques et al. (2009) which relied on a lower number of alien 
arthropod species. Pyšek 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 diff erentially 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 
fl owering 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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dens eff ectively, 78.9% and 56.7% of their species being observed there, respectively 
(Table 4.1).

Built-up, industrial and other artifi cial 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 confi ned to hu-
man- modifi ed 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). 
Th ey 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 

Figure 4.1. Main European habitats colonized by the 1590 species of terrestrial arthropods alien to Eu-
rope. Th e number over each bar indicates the absolute number of alien species recorded per habitat. Note 
that a species may have colonized several habitats.
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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. Th erefore, many alien species currently 
confi ned 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 fi rst 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 speci es 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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Abstract
Th is chapter reviews the eff ects 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. Th ey may also aff ect human or animal health. Surprisingly, 
there is relatively little information available on the exact yield and fi nancial 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. Th ey may aff ect native 
biodiversity through various mechanisms, including herbivory, predation, parasitism, competition for 
resource and space, or as vectors of diseases. Th ey can also aff ect ecosystem services and processes through 
cascading eff ects. 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. Th e establishment and 
spread of these alien species may have various eff ects. Th e best documented impacts 
are economic, particularly due to agricultural or forest pests (Pimentel et al. 2002a, 
2002b). Alien arthropods also impact the environment by aff ecting populations or 
communities of native species and by disturb natural ecosystem processes and services 
(Kenis et al. 2009). Th ey aff ect human and animal health. Finally, alien organisms have 
a social impact when they infl uence 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 diffi  cult to measure 
in monetary terms, we could not fi nd a single example of an alien arthropod in 
Europe that primarily aff ects human well-being without an additional economic 
burden.

Th e 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.

Th e 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

Th e 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 aff ect 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 aff ect valuable species or goods cause damage that results in yield 
losses and increasing production costs. Th ese 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 
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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 benefi cial organisms.

Indirect socio-economic eff ects associated with the introduction of an alien pest 
include, among others, restrictions on trade fl ow, eff ects 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 eff ects such 
as unemployment, eff ects on tourism, etc. Indirect eff ects are often diffi  cult to evaluate 
because many of them cannot easily be expressed in monetary terms (Born et al. 2005).

Vilà 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 aff ect 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 aff ect 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 fi nancial losses due 
to alien agricultural pests are not frequently published, particularly in Europe. Th is 
may be partly due to the lack of controlled, replicated experiments in commercial fi elds 
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 diffi  cult to assess. Pimentel (2002) has calculated for the British Isles that, since each 



Marc Kenis & Manuela Branco /  BioRisk 4(1): 51–71 (2010)54

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. Th is does not include 
control, eradication or quarantine costs, nor costs linked to foreign trade impact or 
market eff ects. Th e 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.

Th e fi rst major alien agricultural insect pest that hit the European economy was 
the American vine phylloxera, Viteus   vitifoliae, which, in the late 19th 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). 
Th e 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 fi elds a while ago is the Colo-
rado potato beetle, Leptinotarsa  decemlineata. Since its fi rst occurrence in France in 
1922, it has spread to most European countries, causing considerable yield losses in 
potato fi elds. Nowadays, eff ective routine control of the beetle has been incorporated 
into potato cultivation systems and it is diffi  cult 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 signifi cant 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 (Heikkilä and Peltola 2006). 
A cost-benefi t analysis showed that the benefi t 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 fi elds 
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 justifi ed. For example, in UK a cost/benefi t 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 fl y, Ceratitis  capitata, the oriental fruit moth, Graphol-
ita molesta, the citrus leaf miner, Phyllocnistis  citrella, the woolly whitefl y, Aleurothrixus 
 fl occosus, etc. Some arthropods are harmless by themselves but are vectors of serious 
diseases, such as the leafhopper Scaphoideus   titanus, vector of Flavescence dorée in 
vineyards. Th ese 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 whitefl ies   Bemisia tabaci and Tria-
leurodes   vaporariorum, the aphids   Aphis gossypii, Myzus persicae and   Macrosiphum eu-
phorbiae, the western fl ower 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, whitefl ies and thrips, are vectors of important 
plant viruses. Mediterranean arthropods such as the lepidopteran defoliator Cacoeci-
morpha pronubana, the leaf mining fl y Liriomyza bryoniae and the spotted spider mite 
Tetranychus urticae have now invaded protected crops throughout Europe (Brødsgaard 
and Albajes 1999).

Th ese 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 F. occidentalis to the Dutch greenhouse 
could be US$30 million, plus a further US$19 million from the eff ects of Tomato 
spotted wilt tospovirus transmitted by the thrips. An intensive eradication programme 
carried out to control an outbreak of the melon thrips,  Th rips palmi in a UK green-
house in 2000 cost £178,000 (MacLeod et al. 2004). A cost/benefi t analysis showed 
that this eradication programme was four to 19 times cheaper compared with potential 
losses forecast by modelling the spread and impact of T. 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 aff ected by pests. An 
economic evaluation has been carried out for three species in Germany (Reinhardt et 
al. 2003). Th e 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 fl our 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 signifi cant 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 suff ered 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 suff er more from alien pests than native trees (Day and Leather 1997). For-
ty-seven percent of the alien pest species aff ecting 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,   Gonipterus 
scutellatus, three psyllids Ctenarytaina eucaliptii, C.   spatulata and Glycaspis brimblecombi, 
two gall wasps Leptocybe  invasa and Ophelimus  maskelli and an eriophid mite, Rhomb-
acus eucaliptii. In southern Spain, after the fi rst 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). Th e arrival of alien forest pests may 
also have indirect eff ects 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). Th e citrus longhorned beetle   Anoplo-
phora chinensis was recently introduced from Asia to Italy, where it is now established 
and spreading, despite an eradication programme. Th is polyphagous wood borer has 
already killed thousands of urban trees and shrubs in an area of nearly 200 km2 (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. Th e 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 ohridella (Tremblay 1984) and possibly the 
plane leaf miner,  Phyllonorycter platani (Schönrogge 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 eff ect through decrease of timber value, 
wood increment loss and tree mortality, treatment costs and costs related to early har-
vesting and replanting. Th ere 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). Th ese 
numbers may suggest that the direct economic impacts on forest products are much 
lower than on agricultural crops. Th e diff erence 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 ohridella, 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 €. Th e 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 aff ecting human and animal health

Human and animal health can be aff ected by various groups of alien arthropods, in 
particular detritivorous and hematophagous species. Th ese generate economic costs 
related to control strategies, public health measures, health treatments, sick leave, edu-
cational programmes, etc. Some detritivores may aff ect 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. Th ey 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. Th e Asian tiger mosquito, Aedes  albopictus, and the Asian 
rock pool mosquito,   Aedes japonicus, have already invaded several European countries. 
Th ey both are natural vector of various viruses and fi laria for humans and domestic 
animals (Mitchell 1995, Schaff ner et al. 2009). In summer 2007, in Italy, for the fi rst 
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.

Th e DAISIE database also mentions six fl eas (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 fl ea,   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 eff ects, some alien species 
may generate substantial economic benefi ts. For example, many predators and parasi-
toids introduced as biological control agents to control alien pests have a positive eco-
nomic impact. Th e 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-benefi t analyses have shown that, in greenhouses, biological 
control is the most cost-eff ective 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 Icerya 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 
Ctenarytaina  eucalypti, by 1998 had become established and spread westwards by more 
than 85 km (Malausa 1998). Interestingly, some of the most effi  cient 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 chamaeleon, 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 benefi cial. 
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 eff ects on the environment (see section 5.3 below).

5.3. Environmental impact

Alien arthropods can aff ect 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 eff ect on host plant populations. Similarly, predators, parasites and 
parasitoids may directly aff ect their indigenous prey or host. Alien species may hybrid-
ize with native species, causing disturbances in native genetic resources. Th ey can also 
aff ect the native fl ora and fauna and ecosystems indirectly, through cascading eff ects, 
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. Th eir interaction with the native fauna 
and fl ora has been rarely investigated, particularly if their habitat is of little economic 
concern. Based on the DAISIE database, Vilà 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 notifi cation of environmental impact was based on the 
fact that an alien arthropod may feed on a native plant or animal species and not on 
scientifi c evidence that populations or communities of native species are aff ected, or 
ecosystem processes are disturbed. In their extensive literature survey on the ecologi-
cal eff ects of alien insects, Kenis et al. (2009) identifi ed 72 alien insects worldwide for 
which an ecological impact had been investigated, and evidence for impact in the fi eld 
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 eff ect on native biodiversity or ecosystems has been observed or investigated 
in Europe, and a selection of species for which an eff ect is suspected but for which 
scientifi c 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 eff ects 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 butterfl y, 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). Th e 
mechanisms involved in this extinction are unclear. Gardiner (2003) suggests that the 
introduction of P. rapae brought a diff erent strain of the granulosis virus for which the 
native butterfl y 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 Schönrogge 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. Th ey did not fi nd evidence that the alien species 
had a long term eff ect 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 eff ect on neighbouring populations 
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and communities of native leaf miners. Although they suspected that the eff ect is due 
to shared natural enemies, further studies did not confi rm 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 
fl ora. Th e two most serious alien palm pests in Europe,  Rhynchophorus ferrugineus and 
Paysandisia  archon, are not only a problem for the trade of ornamental plants. Th ey 
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 P.  archon (EPPO 2008a, 
2008b). Th e Geranium bronze, Cacyreus  marshalli is a South African lycaenid butterfl y 
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 fl ora and on native Geranium-consuming lycaenids.

Th e 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. Th e 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,  Leptoglossus occidentalis, which may aff ect 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 Metcalfa pruinosa, a planthopper 
that massively attacks hundreds of diff erent 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). 
Th e 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

Th e 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 eff ect on seed dispersal of native plants 
(Carpintero et al. 2005, Gómez and Oliveras 2003, Gómez et al. 2003, Way et al. 
1997). Blancafort and Gómez (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, Th aumetopoea pityocampa, and the eucalyptus wood borer (Way 
et al. 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-modifi ed 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   Technomyrmex 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 benefi cial 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 benefi cial organisms. Th e 
best known case in Europe is the harlequin ladybird, Harmonia  axyridis, an Asian 
species used in biological control programmes against aphids on greenhouse and fi eld 
crops since the 1980s. Th e fi rst 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 eff ects will be observed on European ladybird species. Labora-
tory tests have already shown that European species are vulnerable to predation by H. 
 axyridis (Burgio et al. 2002, Ware and Majerus 2008, Ware et al. 2008), but evidence 
for displacement in the fi eld 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. Th e North American aphid parasitoid Lysip-



Impact of alien terrestrial arthropods in Europe. Chapter 5 63

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 whitefl y Aleurothrixus  fl occosus, has resulted in the displacement of the 
indigenous parasitoid Encarsia margaritiventris, parasitoid of the viburnum whitefl y 
Aleurotuba jelineki (Viggiani 1994). However, in a recent paper, Viggiani (2008) stated 
that, in the two cases, the eff ects on the native parasitoids were largely local, that none 
of the aff ected native parasitoids is now endangered and that this displacement had no 
eff ect on pest populations.

Alien mosquitoes are not only a threat for human or animal health. Th ey may 
also aff ect 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. Th ey found that A.  albopictus was competitively 
superior in resource competition but, to date, the displacement of native mosquitoes 
has not been demonstrated in the fi eld.

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 signifi cant 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). Th is 
has surely had an indirect ecological eff ect on plant pollination, although this eff ect is 
diffi  cult 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). Th is species 
was introduced in south-western France some years ago, probably in pieces of pottery 
imported from China (Villemant et al. 2006). 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. Th e current 
and potential impact of this new alien species should be assessed for the whole of Eu-
rope and management measures should be developed.

Th e 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 fl ow and introgression between these sub-species 
and the native black honeybee, A. m. mellifera (De La Rùa 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. Th e 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, 2006).
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Table 5.1. Examples of alien species with current or potential environmental impact in Europe. A Spe-
cies for which fi eld studies have been published B Species for which only laboratory studies have been 
published C 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 fi eld 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 & Andrásfalvy (Hym.: Formicidae) Yes
Linepithema  humile (Mayr) (Hym.: Formicidae) Yes
Lysephlebus   testaceipes (Cresson) (Hym.: Braconidae) Yes
Megastigmus rafni Hoff meyer (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.: Culicidae) 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)
Metcalfa 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

Th e data supplied in the preceding chapters clearly confi rm 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. Th e 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 Pyšek 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 Vilá 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 eff ects on ecosystems and on the human population 
that is dependent on them.

Th ere 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 
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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 diff erent interlinked modules to:
1. Identify the most likely future arthropod invaders
2. Provide generic and accurate identifi cation 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
5. 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

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. Th is 
may help to reduce the likelihood of alien invasions and better defi ne 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 (2006) recently developed an original and effi  cient method to 
identify potential invasive insects that should be subject to more detailed risk assess-
ments. Th ey 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. Th ey used artifi cial 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. Th e 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).

Th e search for taxa that are particularly invasive worldwide may also benefi t 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, Procheş 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. Th is 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 benefi t 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). Th is 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 effi  ciently (Armstrong 2010) 
and may also enable the fl agging of invasive species trapped during biodiversity surveys 
(deWaard et al. 2009). Consequently, DNA barcoding many provide an effi  cient 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 identifi cations 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. Th ese 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. Th ese 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. Th is 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, identifi cation of consensus areas of distributional estimate consist-
ency using these diff erent 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. Th e goal of such models is to develop eff ective 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. Vilá et al. (2009) provided a fi rst 
continent-wide assessment of impacts on ecosystem services by all major alien taxa, 
including invertebrates, in terrestrial, freshwater, and marine environments. Th ey tried 
to compare how alien species from the diff erent taxonomic groups aff ect “supporting”, 
“provisioning”, “regulating”, and “cultural” services and interfere with human well-
being. However, many of these components are diffi  cult 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). Th is 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 benefi ts and costs of control alternatives that can increase the 
eff ectiveness and effi  ciency of publicly funded programs. Th ere 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 eff ective 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 defi ned 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 effi  cient 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 eff orts are needed to minimize the risk of introductions and spread of 
additional species in the future.

Europe is poorly structured to detect rapidly, effi  ciently manage and control inva-
sive arthropod species. In face of this global problem, European countries mostly have 
responded through nation-specifi c strategies and disconnected or weakly integrated 
projects. Th is 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. Th is 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 to 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. Th e establishment of alien crustacean 
species in Europe slowly increased during the 20th century without any marked changes during the recent 
decades. Almost all species alien to 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 confi ned 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

Th e 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. Th e 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. Th ese little ani-
mals are most commonly noticed by their strong, rapid jumps upon being disturbed.

7.1.2. Taxonomy of alien terrestrial crustaceans

Th irty-eight species belonging to ten diff erent families were recorded during this study. 
Th e four most commonly represented families (all belonging to Isopoda) are Tricho-
niscidae (seven species), Porcellionidae (fi ve species), Philosciidae and Armadillidiidae, 
both with fi ve species (Figure 7.1.1.). Two main categories were considered:

• Aliens to 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  kos-
suthi Arcangeli, 1929, Armadillidium nasatum Budde-Lund, 1885, Armadillidium   vul-
gare (Latreille, 1804);
- Oniscidae: Oniscus  asellus Linnaeus, 1758;
- Philosciidae: Chaetophiloscia  cellaria (Dollfus, 1884);
- Platyarthridae: 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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- Styloniscidae:  Cordioniscus stebbingi (Patience, 1907);
- Trachelipidae: Agabiformius  lentus (Budde-Lund, 1885);
- Trichoniscidae: Androniscus  dentiger Verhoeff , 1908, Buddelundiella  cataractae Ver-

hoeff , 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 to Europe.

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

Th e total number of crustaceans alien to Europe has slowly increased during the 20th 
and the early 21st centuries, but without any acceleration in the rate of arrival. Two 
alien species were fi rst discovered in Europe in the 19th century, about nine species in 
the fi rst half of the 20th century and only fi ve species since then. Th e 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 to Europe. However, be-
cause of sparcer information on this group, the date for the fi rst introduction is roughly 
known for only approximately 50% of species. To our knowledge, at least six species of 

Figure 7.1.1. Taxonomic overview of the Isopoda and Amphipoda species alien to and Alien in Europe.
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woodlice classifi ed as aliens of Europe were noticed in the fi rst half of the 20th century 
and only fi ve more species since then.

Th us, 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-
fi ed 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 to 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. Th e 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 Talitroides  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.

Th e crustaceans alien in Europe generally originate from the Mediterranean basin 
(seven species), from western and south-western Europe (fi ve 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 fi rst. Th e 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 P. major is one of the most widespread alien crustaceans. Th e 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).



Alien terrestrial crustaceans (Isopods and Amphipods). Chapter 7.1 85

Th ere are only very few records of alien crustaceans on European islands.  Tricho-
niscus pusillus has been reported from the Azores and Madeira, T. 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, Talitroides   topitotum (Burt, 1934) in the Azores 
and Madeira, and T.  alluaudi in the Azores and the Canaries. All these species oc-
cur outdoors and are therefore considered as naturalised. Th e 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 classifi ed as aliens of Europe are typically species which have expanded 
their range approximately northwards and eastwards. Th e 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.

Figure 7.1.2. Colonization of continental European countries and main European islands by myriapod 
species alien to Europe. Archipelago: 1 Azores 2 Madeira 3 Canary islands.
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A striking example of successful colonization and establishment of such species is 
given by A. nasatum. Th is woodlouse is believed to be native to Italy, southern France 
and Spain (Vandel 1962). Since the start of the 20th 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, Navrátil 2007, Vilisics and 
Lapanje 2005).

Some of the aliens of Europe have also invaded other continents and can be 
considered as very successful invaders. Th e 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 classifi ed 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.

Figure 7.1.3. Alien terrestrial crustaceans. a   Trichorhina tomentosa (Isopoda, woodlice) (credit: Vassily 
Zakhartchenko) b Arcitalitrus  dorrieni (Amphipoda, lawn shrimp) (Credit: John I. Spicer).

a

b
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7.1.5. Pathways of introduction of alien terrestrial Crustaceans

Because a great majority of the fi rst 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 eff ects in such biotopes, terrestrial 
crustaceans colonize and spread as undetected “silent invaders” (Hornung et al. 2007). 
Th us, most introductions were unintentional. Th e one known exception is the spread-
ing of T. tomentosa, commonly sold as pet food, triggered by trading activity in Europe. 
Th is probably explains why, among all the alien crustaceans, T. tomentosa is the most 
widespread species in Europe.

Another interesting case is the Mediterranean species P.  schoblii. Th is myrmeco-
phylous woodlouse is a commensal of the ant Lasius neglectus Van Loon, Boomsma 
& Andrásfalvy, 1990 and was fi rst 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 
 alluaudi is known outdoors in the Canary Islands, and T.   topitotum in the Madeira 
Islands, both species in the Azores (Vader 1972). All other species are generally limited 
to highly artifi cial habitats and artifi cial ecosystems: mostly greenhouses, urban parks 
and houses (especially cellars). Th e 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). Th e major settlements of Hungary were 
characterised as “hotspot for non-native species” (Hornung et al. 2008). Th is 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 diff erent for intra-European woodlice native to southern or Mediter-
ranean Europe. Th ese 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.

Th e case of the alien amphipod A.  dorrieni is quite diff erent. Terrestrial amphipods 
are known to have many eff ects 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). Th us 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 eff ect 
on the chemistry of the mineral layer” (Frouz et al. 2008) and concluded that in some 
cases it may signifi cantly alter soil conditions”.

Woodlice classifi ed as aliens of Europe are usually associated with synanthropic 
habitats and often gain dominance in urban environments (e.g. urban parks, villages, 
private gardens). Th e successful colonisation of human- infl uenced 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 (Szlávecz et al. 2008, Vilisics and Hornung 2009).
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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. 
Th e earliest 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 intensifi ed with the trade between Europe and some tropical countries, especially after the discoveries 
of the Americas and Australia. Th e 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. Th e various alien myriapods have diff erent 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 
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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 insuffi  cient data on their impact on native fauna and fl ora.

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. Th e Diplopoda is 
by far the most diverse group, comprising roughly 11 000 species (Adis and Harvey 
2000). A total of 2,245 m  yriapod 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 fl attened 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. Th e number of legs varies between species, often (especially 
in juloids) even individually, the record being 375 pairs in the North American sipho-
nophoridan species Illacme plenipes Cook & Loomis, 1928 (Marek and Bond 2006).

Species of the class Chilopoda (centipedes) have an elongated fl attened 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 modifi ed fi rst 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). Th e 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. Th e number of described symphylans and pauropods in the 
world is roughly estimated to about 200 and 700, respectively (Adis and Harvey 2000).



Myriapods (Myriapoda). Chapter 7.2 99

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 
guttulatus (Fabricius, 1798), Uroblaniulus  canadensis (Newport, 1844), or even preda-
tors, like Apfelbeckia insculpta (L. Koch, 1867), Callipus foetidissimus (Savi, 1819), and 
Abacion magnum (Loomis, 1843), which have been observed feeding on earthworms, 
fl ies and spiders (Hoff man 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 diff erent 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). Th e 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 (Šefrová and Laštůvka 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

Altogether, 40 species belonging to 23 families and 11 orders can be regarded as 
alien to Europe (Table 7.2.1). Th is 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. Th e 
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%). Th e centipede 
family Henicopidae is the richest in alien species (5 species), followed by Scutigerel-
lidae, Mecistocephalidae, Scolopendridae, Paradoxosomatidae and Pyrgodesmidae, 
each with three species. Th e 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 forfi catus 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 diff erent 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. Th e 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 (Brölemann, 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 
2006), 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 Bergsøe & 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 confi ned to 
the outskirts of the town”. Regarding the other two possibly allochthonous species, 
  Lithobius forfi catus (Linnaeus, 1758), and Lithobius erythrocephalus C.L. Koch, 1847, 
Eason wrote, “these two species may be confi ned 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 ....”. Th e fi rst 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).

Th e 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 fi rst 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 misidentifi cations 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 clarifi cation.

Th e actual taxonomic status and native range of Ghilaroviella cf.   valiachmedovi re-
mains uncertain. Th e same applies to the millipede Chondrodesmus cf. riparius which 
shows some diff erences from the original description by Carl (1914) and its identity 
cannot be clarifi ed 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 fi rst time in Europe in the 19th century while most of the records date 
from the 20th (26 species) and 21st centuries (4 records).

Gervais was virtually the fi rst person to record alien myriapods in Europe (Gervais 
1836, 1837). He described the tropical millipede Iulus  lucifugus (now Paraspirobolus 
 lucifugus) and the geophilomorph centipede Mecistocephalus  maxillaris from green-
houses of the Paris Museum. Th e 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 
fl owers, perhaps already by the end of the 18th century. P.  lucifugus has been subse-
quently recorded in intervals of around 60–70 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 2006). Th is can hardly be regarded as refl ecting the actual course of colonization 
but rather the date of investigation and the level of eff ort involved in each case.

Th e 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 Tömösváry (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 fi rst 
recorded in 1900, but since the sample already contained several specimens the species 
must have arrived there at least two years earlier (Palmén 1949). Th e 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). Th e area and trade connections 
were already quite developed by the mid-4th 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. Th e earliest confi rmed record is from Denmark 
in 1868 (see Meinert 1868). Lamyctes  coeculus was fi rst found in a greenhouse in Italy 
at the end of 19th century (Brölemann 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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Th e earliest records of Cylindroiulus truncorum in Europe date from the 1920’s 
and, according to Schubart (1925), the Central European populations are probably of 
relatively recent origin. In Finland it was fi rst 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 fi rst recorded in 2000 in a fl owerpot in the telephone offi  ce of 
Umeå University, northern Sweden. It was found again elsewhere in Sweden in 2006 
and, later, in January 2007, it was also recorded in a fl owerpot with a palm (Phoenix 
robbelini) in an offi  ce in Copenhagen and in a fl owerpot in Bonn (Enghoff  2008a). 
Th ere are further records of the species from fl owerpots in Germany and also a recent 
one in Norway (Göran Andersson in litt.), so it seems that the species is dispersing well 
with palm pots.

Th e study of the invertebrate fauna of Kew Gardens, Great Britain began al-
ready at the beginning of 20th 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 diff erent levels of investigation of this area. Th e 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. Th ese 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. Th e 
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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Th e various alien myriapods have diff erent 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. Th eir 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). Th e 
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 chiefl y spe-
cies with Gondwanan distribution patterns. Besides Rhodobius, 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. Th e sole record of the pantropical geophilo-
morph centipede Orphnaeus  brevilabiatus in Europe comes from Bohuslän, a Swedish 
province in the northern part of the W coast, where the animal was collected in the 
19th 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 
fi nd in the scolopendromorph centipede Th eatops 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 2006).

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. Th e 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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of the second species described in the genus, N. fl orentzae 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. Th is 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 intensifi ed 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. Th is process is still going on with 

Figure 7.2.2. Colonization of continental European countries and main European islands by myriapod 
species alien to Europe. Archipelago: 1 Azores 2 Madeira 3 Canary islands.
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the trade of tropical fl owers 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), Sri Lanka (Chondromorpha  kelaarti), Barbados (Anadenobolus monilicornis), 
Saint Vincent Island (A. vincenti).

Th e 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 Tygarrup  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).

Th e 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 
diffi  cult than the converse process. Th e asymmetry has probably nothing to do 
with quarantine controls at European borders. Instead, it may be due to specifi c 
ecological and biological patterns exhibited by the successful invaders. Many of 
the alien millipedes and centipedes which have successfully invaded Europe be-

Figure 7.2.3. Geographic origin of the myriapod species alien to Europe (in percent).
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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. Specifi c adaptive ecological patterns may be an issue, but, as noticed 

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.
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Figure 7.2.6. Rhinotus purpureus (Pocock, 1894) [Diplopoda: Polyzoniida: Siphonotidae]. Japan: Minami-
Daito. Credit: Zoltán Korsós.

Figure 7.2.7. Eurygyrus ochraceus 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 suffi  cient 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 fi tted to fi nd 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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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 
Scolo pendra 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 artifi cial 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 artifi cially 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. Th e 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 (Tömösváry 
1879), in woodlands of Robinia pseudoacacia in the Kanev Nature Reserve, Ukraine 

Figure 7.2.10. Paraspirobolus  lucifugus (Gervais, 1836) [Diplopoda: Spirobolida: Spirobolellidae]. Japan: 
Okinawa. Credit: Zoltán Korsós.
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(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. 
Th is 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, Korsós and Enghoff  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 defi nitely 
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 artifi cial 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 Iovane 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 

Figure 7.2.11. Trigoniulus corallinus (Gervais, 1847) [Diplopoda: Spirobolida: Trigoniulidae]. Taiwan. 
Credit: Zoltán Korsós.
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are associated with lake shores, river gravels or river banks. L.  emarginatus shows clear 
preferences for temporarily fl ooded 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 cliff s with sparse vegetation although A. peregrinus has been 
found inland in Cornwall in woodland and one of the Isle of Wight records for Notho-
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 fl uctuation in the abundance of some alien species have been observed 
by Barber (2009b) in the tropical hothouse of the Eden Project. P.  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, T.  java-
nicus, which had been abundant in 2005, was diffi  cult to fi nd 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. Th e 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 signifi cantly to 
soil formation processes through the fragmentation of leaves which stimulates mi-
crobial activity. Th ey may thus indirectly infl uence the fl uxes of nutrients (Hopkin 
and Read 1992). Nevertheless, some alien diplopods could be harmful to cultivated 
plants, especially in the artifi cial 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. Th ey can change soil 
carbon, nitrogen and phosphorus pools and can considerably aff ect 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, Voigtländer 2005). An example of a plant-damaging alien 
myriapod is   Oxidus gracilis, which is regarded as a pest in several European countries. 
Th is species is very common in greenhouses where its density may exceed 2500 ind./
m2. It is known for attacking vegetable and fruit crops such as sugar beet, potatoes, 
strawberries, cucumbers, orchard fruits, roots of wheat, and fl owers 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 Th eophrastus, according to whom an army of millipedes once 
overran Rhoeteum in the present province of Çanakkale (northwestern Turkey) and 
drove its human inhabitants into the sea (Sharples 1994, Enghoff  and Kebapći 2008).

Several plants can withstand the attacks of symphylans but they may cause severe 
damage to growing crops both in fi elds 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. Th ey 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 diff erent characters. Th ey 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. Th ese 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 2006).

Th e 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 fl uids or their bites which can cause pathological reactions if exposed to skin, 
mouth/throat or eyes (Rein 2002).
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Table 7.2.2 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 
Latreille, 1829

Mediterranean 
region

With luggage (Spain, 2003), potatoes (Greece, 1975), 
Turkey (2004), Palestine (pre-1992)

Scolopendra  dalmatica C.L. 
Koch, 1847

Balkan 
peninsula

Found in fruit & vegetable warehouse on Isle of Wight 
(1983)

Scolopendra   subspinipes 
  subspinipes Leach, 1815

Asia, Africa, 
C. & S. America

Trachycarpus wagnerianus (South Korea, 2006), 
bananas (Jamaica, 1938)

Order Lithobiomorpha
  Lithobius forfi catus 
(Linneaus, 1758)

Europe Dicksonia (Australia, 2004)

 Lithobius peregrinus  Latzel, 
1880

Europe, 
Caucasus

Dicksonia (New Zealand, 2004)

Class Diplopoda

Order Polydesmida
Polydesmida gen. spp. Dracaena fragans (Belgium, 1979)
?Gasterogramma plomleyi 
Mesibov, 2003

Tasmania Dicksonia (Australia, 2004)

?Mestosoma sp. Bromeliad (Ecuador, 1982)
Akamptogonus novarae 
(Humbert & Saussure, 1869)

? Australia Dicksonia (New Zealand, 2004)

Habrodesmus falx Cook, 
1896

West Africa Tete leaves (Nigeria, 1981)

Habrodesmus sp. Orchid (Malawi, 1982)
?  Oxidus gracilis ?East Asia Zelkova (Netherlands, 1995)
  Oxidus gracilis East Asia Aroid (USA,1980), Chaemaerops (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 fi g (USA, 1984), 
Yucca (?Netherlands, 1980), Zamia seed (USA, 1982), 
Zelkova (China, 1995), unknown (Chile, 1998; South 
Africa, 2001)
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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+2? 0 2
Symphyla 0 6** 3 0 1 2 no 

records
no records

Pauropoda 14*** 0 1 0 10 0 no 
records

no records

Table 7.2.3. Relative importance of the non-native species in the myriapod fauna of the Macaronesian 
islands. Th e 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 Oromí 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.

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 
(Fabricus, 1798)

Europe Orchid (Australia, 1985)

Blaniulus sp. Unknown (South Africa, 1999)
Cylindroiulus londinensis 
(Leach, 1814)

Europe Phoenix dactylifera (Italy, 2004)

Cylindroiulus sp. Dicksonia (New Zealand, 2004)
Ommatoiulus moreletii 
(Lucas, 1860)

Iberian 
peninsula

Dicksonia (Australia, 2006), melon fruit (South Africa, 
1983)

Ommatoiulus oxypygus 
(Brandt, 1841)

Italy Vitis sp. (Italy, 1979)

Ophyiulus targionii  Silvestri, 
1898

Italy Unknown (New Zealand, 1982)
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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. Th ey 
belong to (in order of decreasing abundance) Th eridiidae (10 species), Pholcidae (7 species), Sparassidae, 
Salticidae, Linyphiidae, Oonopidae (4–5 species each) and 11 further families. Th ere 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 fi fth 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). Th e 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 benefi cial. 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 diff erent 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 Th e-
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 Th omisidae) 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. Th is 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 diffi  cult 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 diffi  cult 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 Th eraphosidae 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

Th e 47 spider species alien to Europe belong to 17 families (Table 7.3.1) with Th eridi-
idae (10 species) and Pholcidae (7 species) being the most species-rich families. Spar-
assidae comprise fi ve species; Salticidae, Linyphiidae and Oonopidae comprise four 
species each. Eleven families are represented with only one or two species each. Th e 
most astonishing aspect of the composition of the alien spider fauna is that it neither 
refl ects 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, Th eraphosi-
dae, and Zodariidae) are not represented at all among the alien species in Europe. Th is 
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 
Th eraphosidae (“tarantulas”) depend on their specifi c 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 Th eridiidae. Th eir 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. Th ey can easily sit at the vertical sides of contain-
ers (Sparassidae), hide at the underside of pallets or in cracks and cavities (Pholcidae, 
Th eridiidae) or are simply so tiny that they fi t everywhere in (Oonopidae).

Th e composition of the spider fauna in Europe will become strongly infl uenced 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 scientifi c 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 fi rst species records were collected in the 19th century, 24 records came from the 
20th century and already 11 records were perceived in the fi rst years of the 21st century. 
Th is 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. Th ey 
predict a continuous trend of more alien species and give the fi gure of at least one ad-
ditional alien spider species annually arriving in Europe in the near future.



Wolfgang Nentwig & Manuel Kobelt /  BioRisk 4(1): 131–147 (2010)134

7.3.4 Biogeographic patterns

One third of all alien spiders have an Asian origin. Th is may include Eastern Palearctic 
and Indo-Malayan, thus temperate and tropical areas. About one fi fth 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 defi ned 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. Th ese results suggest that the closer a continent is 
(Palaearctic) and the more traffi  c 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. Th e volume per time curves of agricultural products and 
mining products fi t the increase of alien spiders less well than the curve for manufac-
tures, and therefore it is concluded that the fi rst 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. Th e 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). Th is 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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Transported plants represent a very important pathway for spiders. Th is hardly 
concerns cut fl owers but potted plants and plants for planting. Th ere 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 diff erent 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. Th e spread of Zodarion ru-
brum, formerly only known from the French Pyrenees, followed in the last 100 years 
the main railway connections within Europe. Th is allowed the small spider to hitch-
hike over large distances (Pekár 2002). Hänggi 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 fi rst record of an alien spider had been made at roadsides 
or in drains along roadsides (Van Keer 2007).

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. Th e 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. Th e number over each bar indicates the total 
number of species observed per family in Europe and in the world, respectively.
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Figure 7.3.2 Geographic origin of the 47 spider species alien to Europe.

In a country-wise comparison within Europe, France, Belgium, Th e Nether-
lands, Germany and Switzerland possess the highest numbers of alien spider spe-
cies (Fig. 7.3.4). Th ese 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. Th ere 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. Th is 
may be species which inhabit walls of buildings or need the specifi c microclimatic con-
ditions of houses. One third of all alien species live in greenhouses, botanical gardens, 
in zoo buildings, or in comparably warm buildings. Th ey rely on the specifi c 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 fi ve among 47 alien spiders so far were able to establish in natural habitats. 
Th ey 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. Th ey originate from North America, Japan and the temperate part of Australia or 
New Zealand. Th ese parameters probably indicate the conditions which an alien spider 
should fulfi l to be able to survive in natural habitats in Europe.
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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. Th is 
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 Th eridiidae imported to Europe were signifi cantly larger than the native 
species, Pholcidae and Salticidae showed a trend into the same direction. Kobelt and 
Nentwig (2008) argue that this refl ects the physical transport conditions, especially of 
temperature and humidity inside a standard ship container (Diepenbrock and Schieder 
2006, Naber et al. 2006). Th ese are important stress factors which primarily aff ect 
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.

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).
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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. Th is 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. 
Th erefore, in Europe no infl uence of alien spider species on native spiders had been 
observed so far. Th is is in agreement with a two-year-analysis of spider communities in 
California were the occurrence of alien spider species did not negatively aff ect native 
species. Th e 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.

Th e most frequently occurring alien spider in Europe is probably the North Ameri-
can linyphiid Mermessus   trilobatus, fi rst detected in southern Germany in the 1980s and 
spreading since then. Only in the last years it had been detected that it obviously easily 

Figure 7.3.4 Number of alien spider species for each European country.
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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 eff ort, 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-
fi rm 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. Th is 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. Th ere 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 

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).
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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 fi nancial 
costs and may cause health problems. Th is, however, concerns native and alien spiders 
likewise.

Figure 7.3.6. Alien spiders. a   Cicurina japonica female (Dictynidae) b Ostearius  melanopygius female 
(Linyphiidae) c 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 Jǿrgen Lissner (© Jǿrgen Lissner, http://www.jorgenlissner.dk).
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Family
Species

Area of 
origin

First 
record in 
Europe

Invaded countries Habi-
tats

Refs

Amaurobiidae

   Amaurobius similis 
(Blackwall 1861)

North 
America 
(cosmo-
politan)

1915, 
DK

AD, BE, CH, DK, 
DE, ES, FR, GB, 
IE, MD, NL, NO, 
PL, RO, SE, UA

J1 Fauna Europaea (2005), 
Harvey (2002), Sacher 
(1983), Jonsson pers. 
comm. (2005), Scharff  
pers. comm. (2005)

Clubionidae

Clubiona  facilis O. 
P.-Cambridge 1910

Australia 1932, 
GB

GB U Fauna Europaea (2005), 
Platnick (2008)

Dictynidae

  Cicurina japonica 
(Simon 1886) 

Asia 1990, 
DE

DE, CH, DK E, F, G, 
H, I

Blick and Hänggi (2003), 
Wunderlich and Hänggi 
(2005)

Dysderidae

Dysdera  aculeata 
Kroneberg 1875

Asia 1988 HR HR U Deeleman-Reinhold and 
Deeleman (1988)

Eresidae

Seothyra perelegans 
Simon 1906

Africa 1906 FR FR U Fauna Europaea (2005)

Gnaphosidae

Sosticus  loricatus (L. 
Koch 1866)

Asia 1879, SK AT, BG, BY, CS, 
CZ, DE, EE, FI, 
FR, GR, HU, IT, 
LV, LT, MK, PL, 
RO, RU, SK

J1 Fauna Europaea (2005), 
Sacher (1983), Terhi-
vuo (1993), Pekar pers. 
comm. (2005)

Zelotes puritanus 
Chamberlin 1922

North 
America

1966, CZ AT, CH, CR, CZ , 
DE, LI, NO, RU, 
SE, SK

J1 Fauna Europaea (2005), 
Komposch (2002), Pekar 
pers. comm. (2005)

Linyphiidae

Erigone  autumnalis 
Emerton 1882 

North 
America

1990, 
CH

CH, IT E, F, G, 
H, I

Blick and Hänggi (2003), 
Fauna Europaea (2005)

Mermessus  denticu-
latus (Banks, 1898) 
(=Eperigone eschato-
logica) 

North 
America

1995, BE BE, CH, DE, ES, 
NL

J1, 
J2.43

Blick (2004), Blick and 
Hänggi (2003), Fauna 
Europaea (2005)

Mermessus   trilobatus 
(Emerton 1882)

North 
America

1980, 
DE

AT, BE, CH, DE, 
IT, PL

E, F, G, 
H, I

Blick and Hänggi (2003), 
Fauna Europaea (2005)

Ostearius  melanopy-
gius  (O. P.-Cam-
bridge 1879)

Australia 1906, 
GB

AT, BE, BG, CH, 
CZ, DE, DK, ES, 
FR, FI, GB, IT, 
NL, PT, PL, RO, 
SE, SK 

E, F, G, 
H, I

Blick and Hänggi (2003), 
Fauna Europaea (2005), 
Komposch (2002), Ruz-
icka (1995), Pekar pers. 
comm. (2005), Scharff  
pers. comm. (2005)

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.
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Family
Species

Area of 
origin

First 
record in 
Europe

Invaded countries Habi-
tats

Refs

Oonopidae

Diblemma  donisthor-
pei O. P.-Cambridge 
1908

Asia 1914, 
GB

GB J1 Platnick (2008), Saaristo 
(2003)

Ischnothyreus  lym-
phaseus Simon 1893

Asia 2005, FR FR U Fauna Europaea (2005)

Ischnothyreus   velox 
Jackson 1908

Asia 2003, 
DE

DE, GB, NL J2.43 Blick (2004), Fauna Eu-
ropaea (2005), Saaristo 
(2003)

Triaeris   stenaspis 
Simon 1891

North 
America

1896, FR BE, FI, FR, IE, SK J1, J100 Blick (2004), Fauna Eu-
ropaea (2005), Holzapfel 
(1932), Koponen (1997), 
Van Keer (2007), Pekar 
pers. comm. (2005)

Pholcidae

Artema  atlanta  Wal-
ckenaer 1837

Africa 2001 BE BE, GB, GR J1 Blick (2004), Blick and 
Hänggi (2003), Fauna 
Europaea (2005), Lee 
(2005), Platnick (2008), 
Van Keer (2007)

Crossopriza  lyoni 
(Blackwall 1867)

Africa 2004, BE BE E, F, G, 
H, I, J1

Blick (2004), Van Keer 
(2007)

Micropholcus  fauroti 
(Simon 1887) 

Africa 2001, BE BE, CH J1 Blick (2004), Blick and 
Hänggi (2003), Platnick 
(2008), Van Keer (2007)

Pholcus opilionoides 
(Schrank 1781)

Asia 1859, CZ AD, AT, BG, CH, 
CS, CZ , DE, ES, 
FR, GR, HR, HU, 
IT, LI, LU, MD, 
MK, MT, PL, PT, 
RO, RU, SK, UA

J1 Fauna Europaea (2005), 
Sacher (1983), Pekar pers. 
comm. (2005)

Pholcus phalangioides 
(Fuesslin 1775)

 Asia 1857, SK AT, BE, BG, BY, 
CH, CS, CZ , DE, 
DK, ES, FI , FR, 
GB, GR, HU, IE, 
IS, IT, LI, LT, LU, 
MD, MK, MT, 
NO, NL, PL, PT, 
RO, RU, SE, SK, 
UA

J1 Fauna Europaea (2005), 
Holzapfel (1932), Kom-
posch (2002), Sacher 
(1983), Terhivuo (1993), 
Valesova-Zdarkova 
(1966), Jonsson pers. 
comm. (2005), Pekar 
pers. comm. (2005), 
Scharff  pers. comm. 
(2005)

 Smeringopus pallidus 
(Blackwall 1858)

Africa 2004, NL NL J1, 
J2.43

Blick (2004)

Spermophora   senocu-
lata (Dugès 1836)

Africa 1976, SK BE, BG, CH, CS, 
ES, FR, GR, HR, 
IT, MK, MT, PT, 
SI, SK, UA

J1, J100 Blick (2004), Fauna 
Europaea (2005), Plat-
nick (2008), Pekar pers. 
comm. (2005)
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Family
Species

Area of 
origin

First 
record in 
Europe

Invaded countries Habi-
tats

Refs

Prodidomidae

Zimiris  doriai Simon 
1882

Asia 2005, 
DE

DE J1 Jäger (2005)

Salticidae

Hasarius  adansoni 
(Audouin 1826)

Africa 1901, FR BE, CH, CZ, DE, 
DK, ES, FR, GR, 
IE, IT, MT, NL, 
PL

J2.43 Blick and Hänggi (2003), 
Bosmans and Vanuytven 
(2002), Fauna Europaea 
(2005), Hänggi (2003), 
Holzapfel (1932), Pekar 
pers. comm. (2005), 
Scharff  pers. comm. 
(2005)

  Menemerus bivittatus 
(Dufour 1831)

Africa 1831, ES CZ, ES, FR, GB, 
IT, PT

J1 Fauna Europaea (2005), 
Montardi (2006)

Panysinus nicholsoni 
(O. P.-Cambridge 
1899)

Asia 2005, FR FR J1 Fauna Europaea (2005)

Plexippus paykulli 
(Audouin 1826)

Asia 1819, FR ES, FR, GB, GR, 
IT, MT

J1 Fauna Europaea (2005), 
Montardi (2006) 

Scytodidae

Scytodes   venusta 
(Th orell 1890)

Asia 2004, NL NL J1 Blick (2004), Fauna 
Europaea (2005), Plat-
nick (2008), Pekar pers. 
comm. (2005)

Sicariidae

Loxosceles  laeta 
(Nicolet 1849)

South 
America

1963, FI FI, IT J1 Fauna Europaea (2005), 
Huhta (1972)

Loxosceles  rufescens 
(Dufour 1820)

North 
America 
(cosmo-
politan)

1820, ES ES, FR, GR, HR, 
IT, NL, MT, PT

J1, 
J2.43

Blick (2004), Fauna Euro-
paea (2005)

Sparassidae

Barylestis  scutatus 
(Pocock 1903)

Africa 1961, IE IE J1 Forsyth (1962)

Barylestis   variatus 
(Pocock 1899)

Africa 1961, IE GB, IE J1 Forsyth (1962), Slawson 
(2000)

Heteropoda   venatoria 
(Linnaeus 1767)

Asia 1960, CZ CH, CZ, DE, DK, 
ES, NL, NO, PL

J2.43 Blick and Hänggi (2003), 
Fauna Europaea (2005), 
Hänggi (2003), Ruzicka 
(1995), Valesova-Zdarko-
va (1966),  Ruzicka pers. 
comm. (2005), Scharff  
pers. comm. (2005) 

Olios  sanctivincentii 
(Simon 1897)

Asia 1961, IE GB, IE J1 Forsyth (1962), Slawson 
(2000)

Tychicus  longipes 
(Walckenaer 1837)

Asia 1837, NL NL J2.43 Platnick (2008)
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Family
Species

Area of 
origin

First 
record in 
Europe

Invaded countries Habi-
tats

Refs

Tetragnathidae

Tetragatha  shoshone 
(Levi 1981)

North 
America

1992, 
DE

AT, CZ, DE, HU, 
MK, RO, SK

E, F, G, 
H, I

Fauna Europaea (2005)

Th eridiidae

Achaearanea   tabulata 
Levi 1980

South 
America

1991, AT AT, CH, DE, PL, 
RU, BG, UA 

J1 Blick and Hänggi (2003), 
Fauna Europaea (2005)

Achaearanea  acoreen-
sis (Berland 1932)

North 
America

2002, BE BE J1, 
J2.43

Van Keer (2007)

Achaearanea   tepida-
riorum  (C.L. Koch 
1841)

South 
America 
(cosmo-
politan)

1867, AT AT, BE, BG, CH, 
CZ, DE, DK, ES, 
FI, FR, GB, GR, 
HU, HR, IE, IS, 
IT, LV, LI, MK, 
MT, NL, NO, PL, 
PT, RO, RU, SK, 
SE, UA

J1 Fauna Europaea (2005), 
Komposch (2002), Sacher 
(1983), Valesova-Zdarko-
va (1966), Koponen pers. 
comm. (2005), Pekar 
pers. comm. (2005), 
Scharff  pers. comm. 
(2005)

Achaearanea   verucu-
lata  (Urquhart 
1885)

Australia 1885, BE BE, GB J1, 
J2.43

Blick (2004), Platnick 
(2008), Van Keer (2007)

  Chrysso   spiniventris 
(O. P.-Cambridge 
1869)

Asia 1949, NL NL J2.43 Blick (2004)

  Coleosoma fl orida-
num Banks 1900

Asia 1981, 
GB

AT, CH, DE, FI, 
GB, NL

J1, 
J2.43

Blick (2004), Blick and 
Hänggi (2003), Fauna 
Europaea (2005), Hänggi 
(2003), Harvey (2002), 
Komposch (2002) 

Latrodectus  hasselti 
Th orell 1870

Australia 2001, BE BE, DK J2.43 Blick (2004), Platnick 
(2008), Scharff  pers. 
comm. (2005)

  Nesticodes rufi pes 
(Lucas 1846)

South 
America

1996, AT AT, BE, CZ, ES, 
MT, PT

J2.43 Blick (2004), Komposch 
(2002), Van Keer (2007)

Steatoda  grossa  (C.L. 
Koch 1838)

Cosmo-
politan

1850, SE AT, BE, BG, BY, 
CS, CZ, DE, DK, 
EE, ES, FI, FR, 
GB, GR, HU, IE, 
IT, LT, LV, MD, 
MK, MT, NL, PL, 
PT, RO, RU, SE, 
SI, SK , UA

J1 Fauna Europaea (2005), 
Komposch (2002), Sacher 
(1983), Valesova-Zdark-
ova (1966), Jonsson pers. 
comm. (2005), Pekar 
pers. comm. (2005), 
Scharff  pers. comm. 
(2005)

Steatoda   triangulosa 
(Walckenaer 1802)

Cosmo-
politan

1852, AT AD, AT, BE, BG, 
CH, CS, CZ, DE, 
ES, FR, GB, GR, 
HR, HU, LV, MK, 
MT, NL, PT, RO, 
RU, SI, SK, UA

J1 Fauna Europaea (2005), 
Harvey (2002), Kom-
posch (2002), Valesova-
Zdarkova (1966), Scharff  
pers. comm. (2005)

Th omisidae

  Bassaniana versicolor 
Keyserling 1880

North 
America

1932, FR FR U Fauna Europaea (2005)
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7.4.1. Introduction

Th e 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 diff er 
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 diff erent 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. Th e ticks will be 
presented through the description of a few signifi cant case studies. By contrast, mites 
being much diversifi ed 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. Th e most studied and observed invaders are found among the phy-
tophagous mites of the families Tetranychidae and Eriophyidae, which include impor-
tant agricultural pests. Th ere 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,Th ind and Clarke 
2001). A single species in the family Varroidae,   Varroa destructor, is alien to Europe (De 
Rycke et al. 2002, Griffi  ths 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 defi ned 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. 
Th e 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). Th ese species involve 16 diff erent families of mites (Figure 7.4.1). In addition, 
Table 7.4.2 provides some examples of mite species alien in 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. Th e 
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. Th e most 
widely distributed species is the highly polyphagous and ubiquitous Tetranychus 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 μm) typical of many species of Acari, spider mites 
remain undetected until major plant damage occurs. Th e members of another family, 
Tenuipalpidae, or false spider mites, are important obligate phytophagous mites. Th ey 
are elongate, dorsoventrally fl attened 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). Th ese are vermiform, four legged mites. Th e 
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-
cifi c galls on the leaves, green twig, fl ower buds, vegetative buds, or fruit of the hosts 
(Oldfi eld 1996). Others, especially Epitrimerus, Phyllocoptes, Aculops and Aculus cause 
discolouration and other non-distortive damage to their hosts.
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– Phytoptidae, which are obligate phytophagous and gall mites, with a high 
degree of specifi city. Th ey are also vermiform and four-legged. Th e 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. Th e 
most redoubtable pest species in the family is the broad mite,   Polyphagotarsonemus latus 
(=Hemitarsonemus latus), which was described in 1890 and has recently been redefi ned 
and considered as being a species complex (Gerson 1992).

Th e 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. Th e palpae and/or legs I-II are often highly 
modifi ed 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 (Šefrová and Laštůvka 2005). Myocopids, or hair mites, live on skin 
of marsupial and rodents (Bauer and Whitaker 1981, Šefrová and Laštůvka 2005, 

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 to Europe include 
cryptogenic species. Only the most important families of native species (> 50 spp.) have been considered. 
Th e number over each bar indicates the number of species observed per family.
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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, Šefrová and Laštůvka 
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. Th e fi rst super-
family is represented by a single family with aliens, Phytoseiidae, which are predators of 
spider mites. In Europe, species such as  Phytoseiulus 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). Th ree 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. Laelapidae mites live in soil, are nidicoles or parasitize small mammals 
and insects. Ondatralaelaps multispinosus is an ectoparasite of muskrats (Šefrová and 
Laštůvka 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 
et al. 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

Th e 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 diff erences were found between families.

Th e fi rst records for Europe of all alien Tetranychidae are extensively documented 
in this chapter. Th ere 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 20th 
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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Most of these mites represent agricultural pests, and therefore have been widely studied 
which explains the overrepresentation of crop pest species as Tetranychidae aliens.

Th e mean number of records of Eriophyoidae species alien to Europe increased 
rapidly during the third quarter of the 20th century. Only one species Aceria  alpestris, 
which is alien in Europe, was recorded within the period 1850–1899. Th is species 
was described from the host plant Rhododendron ferrugineum L. from Tirol (Austria). 
Th e 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 17th century when its host plant Aesculus hippocastanum L. was intensively 
cultivated), and Aceria  loewi (probably introduced in the 16th 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 fi rst time introduced into France at the beginning of 17th century. 
Aceria  erinea and A.   tristriata were suspected to have an Asian origin and have been 
designated as aliens. Th ey 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.

Figure 7.4.2. Temporal changes in the mean number of records per year of mite species alien to Europe 
from 1800 to 2009. Th e number over each bar indicates the absolute number of species newly recorded 
per time period.
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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). Th ree pests have been reported from North 
American maple trees (Acer negundo L., A. saccharinum L. and A. rubrum L.), i.e. 
Shevtchenkella  brevisetosa, Vasates quadripedes and Rhyncaphytoptus negundivagrans. Th e 
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 to 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 intensifi cation of international trade. Most of these alien species 
inhabit ornamental trees and shrubs, fl owers and potted ornamental plants.

Some alien parasitic mites have invaded Europe with rodents such as muskrats and 
brown rats. Th e 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 (Glavendekić et al. 2005, Šefrová and Laštůvka 2005). Th e fi rst 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 identifi ed in the 1950’s 
(Šefrová and Laštůvka 2005), but the exact pathway of introduction is not known. 
One possible vector is the wild brown rat, Rattus norvegicus (Berkenhout). Th ought 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  bilobatus and Ornithonyssus  bursa, both identifi ed in the 1950’s, in the Czech 
Republic (Šefrová and Laštůvka 2005). Th e exact route of introduction is not known 
with confi dence, but a possible vector is the chicken (Gallus gallus domesticus L.). In 
the 20thcentury, with the intensifi cations 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 fi rst time in the 1970’s in Bulgaria 
and Czech Republic (EPPO 2002, Šefrová and Laštůvka 2005). Neoseiulus californicus 
was introduced for the fi rst time in 1991 in Great Britain (EPPO 2002). It was also in-
troduced at the same period in the Czech Republic (EPPO 2002, Šefrová and Laštůvka 
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2005). Th e third introduced mite is Iphiseius  degenerans. It is native from the Mediter-
ranean region and was introduced for the fi rst time in 1993 in Czech Republic (EPPO 
2002, Šefrová and Laštůvka 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%). Th e origin of phytophagous alien mites can usually be 
inferred from the origin of the host plant. Th ese 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 diffi  cult to ascertain. Twelve out of 27 alien 
Tetranychidae originated in North America, nine in Asia and only fi ve in Central and 
South America. Temperate regions provide the majority of the alien species (16 vs. 11 
for tropical areas).

Th e 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. Th e pouch gall mite of plum 
leaves, Eriophyes  emarginatae, fi rst discovered in the USA, has also been recorded in 
Serbia and Japan. Th is mite is very closely related to the European E. padi (Nalepa) 
(Petanović 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. Th e gall mite Phytoptus  hedericola 
(Phytoptidae) is native from South Africa (Glavendekić et al. 2005), and Trisetacus 
 chamaecypari (Phytoptidae) from North America (Ostojá-starzewski and Halstead 
2006, Smith et al. 2007).

Among the false spider mites (Tenuipalpidae),   Brevipalpus californicus, B. obovatus 
and  Tenuipalpus pacifi cus 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. Th ere 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 (Griffi  ths and Bowman 
1981). Its native range is South East Asia, where it was originally confi ned on its 
original host, the Asian honeybee, Apis cerana F. Th is 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 diff erences in 
the number of aliens are noticed between countries (Figure 7.4.4) but it may refl ect 
diff erences in sampling eff orts 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.

Figure 7.4.3. Origin of the mite species alien to Europe.
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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 6–11 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 E. pyri, the more widely distributed eriophyoid 
species are: Aceria  erinea, A.  loewi, A. sheldoni, Aculops pelekassi and Eriophyes canestrini. 
Th e gall mite Phytoptus  hedericola (Phytoptidae) entered Europe in 2002 and has been 
observed in Serbia (Glavendekić et al. 2005). Trisetacus  chamaecypari (Phytoptidae) en-
tered Europe in 2002 (Ostojá-starzewski and Halstead 2006, Smith et al. 2007). Th e 
status of Typhloctonus   squamiger (Phytoseiidae), a poorly known phytophagous mite 
found on trees in Italy since 1991 (Rigamonti and Lozzia 1999), is questionable.

Th e 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) 

Figure 7.4.4. Comparative colonization of continental European countries and islands by mite species 
alien to Europe. Archipelago: 1 Azores 2 Madeira 3 Canary Islands.
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(EPPO 2002). Neoseiulus californicus has been found in the same countries except Aus-
tria, Hungary, Morocco, Slovakia, Sweden and Turkey. Th e third introduced phytoseid 
mite, Iphesius  degenerans, is also present in several countries (Table 7.4.1).

Th e broad mite   Polyphagotarsonemus latus (Tarsonemidae) is now cosmopolitan. In 
Europe, it was reported for the fi rst 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.

Th ree 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 fi rst recorded in 1960 and is mainly observed in citrus trees around the 
Mediterranean basin (Denmark 1968, Manson 1967). Th e 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 pacifi cus (the Phalaenopsis 
mite) is found in greenhouses of Phalaenopsis orchids in Germany, Great Britain, Neth-
erlands and Serbia (Denmark 1968, Manson 1967).

Th e introduced range of   Varroa destructor is practically worldwide. It was fi rst re-
ported in Eastern Europe in the mid- 1960s and it has spread rapidly all over the con-
tinent. Two diff erent 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 fi ve species 
feed mainly on herbaceous plants (  Tetranychus evansi, T. macfarleni, T.   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 whitefl ies 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 
fi eld but others were fi rst 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). Th is is especially verifi ed 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 fl ower 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 fl owering 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. chrysanthemi), an exception being A. sawatch-
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ensae which inhabits weeds. Two Eriophyoids which cause plant stunting, A. paradi-
anthi and T.  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 fl ower and/or fruit deformations, A.  alpestris and A. sheldoni, 
are respectively pests of Rhododendron and citrus trees.

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

Th e 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 fi eld crops and 
in greenhouses. Th is 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, Glavendekić 
et al. 2005, Heungens 1986, Raemaekers 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).  Tenuipalpus pacifi cus (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).

Figure 7.4.5. Main European habitats colonized by the established alien species of mites. Th e number 
over each bar indicates the absolute number of alien dipterans recorded per habitat. Note that a species 
may have colonized several habitats.
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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.   Tetranychus 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. Th e 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 disfi g-
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 Oldfi eld 1996). Among the fi ve species 
of eriophyoid mites reported from commercially important beverage crops in diff erent 
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 (A. theae) 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 (Oldfi eld 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., Shevtchen-
kella  brevisetosa on Acer negundo, Vasates quadripes on silver maple, Phytoptus  hederae on 
English ivy, and Setoptus   strobicus on Pinus strobus L. (Petanović 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) c 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 fl ower buds of chrysanthemum caused by   Paraphytoptus chrysanthemi h Deformed fl ower heads of 
chrysanthemum caused by   Paraphytoptus chrysanthemi i Colony of Cecidophyopsis  hendersoni on Yucca leaf 
j  Panonychus citri. (a–i Credit: Radmila Petanović; j Credit: Alain Migeon).
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appearance on Yucca leaves, Cosetacus cameliae causing bud rust and abortion on fl ower 
buds of Camelia plants, and   Paraphytoptus chrysanthemi causing deformed buds, hairy 
leaves and rust on Chrysanthemum (Petanović 2004).

Th e 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, Raemaekers 2001). Th e 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. Th is 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 fi larial nematode Litomosoides carinii Travasaos. In addition, it 
is susceptible to the transmission of endemic typhus, Rickettsia 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. 
Th is endoparasite burrows into the skin causing infl ammation and itchiness. Th e skin 
thickens with brownish-yellow scabs, which may become secondarily infected with a 
fungus. It is diffi  cult 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). Th ese 
pest mites and parasites are and will remain a long term problem for poultry housing 
(Gjelstrup and Møller 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 in Europe,   Glycyphagus domesticus 
(Glycyphagidae), have been accidentally introduced by humans and often encoun-
tered in synanthropic situations (Bigliocchi and Maroli 1995, Hughes 1976, Th ind 
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 (Th ind 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.

Th e 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 c 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. Th e 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. Th e 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 fl ies and tetranychid mites.  Phytoseiulus per-
similis and N. californicus are two well-known biological control agents used against 
spiders mites such as Tetranychus urticae Koch (Garcia Mari and Gonzalez-Zamora 
1999, Helle and Sabelis 1985) and Phytonemus pallidus (Banks) (James 2005). Th e 
third introduced mite, Iphiseius  degenerans, targets numerous species of thrips (van 
Houten and van Stratum 1993, van Houten and van Stratum 1995), e.g.   Th rips 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 diffi  cult 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. 
Th is may result from the introduction of a few specimens, commonly immature stages. 
Th e 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.

Th e 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.). Th e 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. Th e current population of dromedaries 
in the Canary Islands was introduced from Morocco at the end of 18th 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 et al. 2008). It is dif-
fi cult, 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. excavatum), 
concluded that they should be considered as separate species, although the matter is 
hard to decide as both taxa have a well defi ned allopatric range (Apanaskevich 2003). 
H. excavatum is restricted to central and eastern Asia and H.  anatolicum colonizes wide 
areas of northern Africa. Th e 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. Th e 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. Th is tick is currently known to be restricted to parts of Asia, 
while a close species, H. rufi pes, is common in sub-saharan Africa. While the adults of 
H. rufi pes 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 fl ights from Africa to Europe, and they have been found car-
rying hundreds of immature ticks (Hoogstraal 1956). However, as mentioned above, it 
is diffi  cult for a population of nymphs to produce a viable and permanent population 
of resident ticks. To our knowledge, H. rufi pes 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.

Th e scenario for the tortoise tick,   Hyalomma aegyptium, is however diff erent. 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). Th e tick has permanent populations in areas of southern Russia (Robbins et 
al. 1998). Th ere 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. Th e only record of a 
permanent population of H. aegyptium as a consequence of an accidental importation 
recorded for eastern Spain (Brotóns and Estrada-Peña 2004). Since the ticks attach 
to portions of the neck and legs of the host body, it may be diffi  cult to fi nd 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). Th ese 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. Th e only 
known case of an importation of A.  exornatum was noticed on specimens of Vara-
nus niloticus that arrived into Spain (Estrada-Peña (Unpubl.)). Th ese 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 in 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 buff er harsh climate. Th erefore, 
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 (Černý 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.

References

Albajes R, Gullino ML, van Lenteren JC, Elad Y (1999) Biological control of thrips. In: Inte-
grated Pest and Disease Management in Greenhouse Crops. Th e Netherlands: Springer. pp. 
244–253.

Alcázar MD, Aranda G, Márquez AL, Sánchez L, Ruiz C (2005) Oligonychus persea (Acari: 
Tetranychidae); una nueva plaga en el aguacate en el Sur de España. IV Congresso Nacional 
de Entomología Aplicada - X Jornadas Científi cas de la SEEA - I Jornadas Portuguesas de En-
tomologia Aplicada, Bragança - Portugal: 213.



Maria Navajas et al. /  BioRisk 4(1): 149–192 (2010)168

Amrine JW Jr, Stasny TAH (1994) Catalog of the Eriophyoidea (Acarina, Prostigmata) of the 
World. West Bloomfi eld, Michigan: Indira Publishing House. 531 pp.

Anagnou-Veroniki M, Papaioannou-Souliotes P, Karanastasi E, Giannopolitis CN (2008) New 
records of plant pests and weeds. Hellenic Plant Protection journal, 1: 55–78.

Apanaskevich DA (2003) Diff erentiation of closely related species Hyalomma  anatolicum and 
H. excavatum (Acari, Ixodidae) based on a study of all life cycle stages, throughout their 
entire geographical range. Parazitologiya 37: 259–280.

Apanaskevich DA, Horak IG (2008) Th e genus Hyalomma Koch, 1844: V. Re-evaluation of 
the taxonomic rank of taxa comprising the H. (Euhyalomma) marginatum Koch complex 
of species (Acari: Ixodidae) with redescription of all parasitic stages and notes on biology. 
International Journal of Acarology 34: 13–42.

Apanaskevich DA, Santos-Silva M, Horak I (2008) Th e genus Hyalomma, Koch 1844. IV. 
Redescription of all parasitic stages of H. (Euhyalomma) lusitanicum Koch, 1844 and the 
adults of H. (E.) franchinnii Tonelli Rondelli, 1932 (Acari: Ixodidae) with a fi rst descrip-
tion of its immature stages. Folia Parasitologica 55: 61–74.

Aucejo S, Foo M, Gimeno E, Gomez-Cadenas A, Monfort R, Obiol F, Prades E, Ramis M, 
Ripolles JL, Tirado V, Zaragoza L, Jacas JA, Martinez-Ferrer MT (2003) Management of 
Tetranychus urticae in citrus in Spain: acarofauna associated to weeds. Bulletin OILB/SROP 
26: 213–220.

Auger P, Migeon A (2007) Les tétranyques des bambous en France. PHM Revue Horticole 
488: 17–19.

Balevski A (1967) [Tetranychid mites occuring on fruit crops] (in Bulgarian). Izvestija na Insti-
tuta za Zastita na Rastenijata, Gara Kostinbrod: 157.

Bartlett PW (1992) Experience of polyphagous pests of protected crops in Great Britain. EPPO 
Bulletin 22: 337–346.

Battelli C, Catteruccia G, Sobrero L (1977)   Hyalomma excavatum Koch in Italia. Atti Societá 
italiana di Scienze veterinarie 31: 741–743.

Bauer CA, Whitaker JOJ (1981) Ectoparasites of muskrats from indiana with special emphasis 
on spatial distribution of coexisting mites of the genus Listrophorus. American Midland 
Naturalist 105: 112–123.

Bebić N (1955) [Pests in Kosmet during 1953 and 1954] (in Serbian). Plant protection, 30: 85–91.
Berggren Å (2005) Eff ect of the blood-sucking mite Ornithonyssus  bursa on chick growth and 

fl edging age in the North Island robin. New Zealand Journal of Ecology 29: 2430–2500.
Bernini F, Castagnoli M, Nannelli R (1995) Arachnida Acari. In Minelli A, Ruff o S, La Posta S 

(Eds) Checklist delle specie della fauna italiana, 24. Bologna: Calderini, 24–66.
Bigliocchi F, Maroli M (1995) Distribution and abundance of house-dust mites (Acarina: Py-

roglyphidae) in Rome, Italy. Aerobiologia 11: 35–40.
Boczek J (1964) Studies on mites (Acarina) living on plants in Poland. IV Bulletin de l’Académie 

des Sciences Polonaises 12: 365–369.
Boczek J, Kropczynska D (1964) Studies on mites (Acarina) living on plants in Poland I. Frag-

menta Faunistica Warszawa 11: 161–188.
Bolland HR, Gutierrez J, Flechtmann CHW (1998) World catalogue of the spider mite family 

(Acari: Tetranychidae). Leiden: Brill Academic Publishers. 392 pp.



Mites and ticks (Acari). Chapter 7.4: 169

Bowman CE, Bartlett PW (1978).  Panonychus citri (McGregor) (Acari: Tetranychidae) infest-
ing imported Citrus mitis in England. Plant Pathology 27: 201.

Bowman DD, Lynn RC, Eberhard ML (2003) Georgi’s Parasitology for Veterinarians. 8.ed. St. 
Louis: Saunders. 422p.

Bozai J (1970) Determination key for spider mites. Növényvédelen (Plant protection) 10: 455–460
Bozai J (1974) Contributions to the knowledge of the Tetranychoid fauna of Hungary (Acari). 

Folia Entomologica Hungarica 27: 5–7.
Brotóns NJ, Estrada-Peña A (2004) Survival of tick colonies on captive imported reptiles in 

Spain. In Abstracts of the 7th International Symposium on pathology and medicine of reptiles 
and amphibians. Berlin, Germany.

CAB-International (1986) Distribution maps of plant pests. Wallingford, UK.
Carmona MM (1992) Acaros fi tofagos e predadores da Ilha da Madeira – II. Boletín de Sanidad 

Vegetal, Plagas 18: 469–482.
Castagnoli M, Oldfi eld GN (1996) Other Fruit Trees and Nut Trees. In: Lindquist EE, Sabelis 

MW, Bruin J (Eds) Eriophyoid Mites, Th eir Biology, Natural Enemies and Control, 6. Am-
sterdam: Elsevier, 543–559.

Castagnoli M, Nannelli R, Simoni S (2006) Un nuovo temibile fi tofago per la fauna italiana: 
  Tetranychus evansi (Baker e Pritchard) (Acari Tetranychidae). Informatore Fitopatologico 
2006: 50–52.

Černý V (1985) First case of introduction of the tick Rhipicephalus  sanguineus to Czechoslova-
kia. Folia Parasitologica 32: 162.

Channabasavanna GP (1996) Sugarcane, coff ee and tea. In: Lindquist EE, Sabelis MW, Bruin J 
(Eds) Eriophyoid Mites, Th eir Biology, Natural Enemies and Control, 6. Amsterdam: Elsevier, 
631–640.

Childers CC, French JV, Rodrigues JCV (2003).   Brevipalpus californicus, B. obovatus, B. phoeni-
cis, and B. lewisi (Acari: Tenuipalpidae): a review of their biology, feeding injury and eco-
nomic importance. Experimental and Applied Acarology 30: 5–28.

Childers CC, Rodrigues JCV, Welbourn WC (2003) Host plants of   Brevipalpus californicus, 
B. obovatus, and B. phoenicis (Acari: Tenuipalpidae) and their potential involvement in the 
spread of one or more viruses. Experimental and Applied Acarology 30: 29–105.

Ciampolini M, Rota P (1972) Presenza in Italia di  Panonychus citri (McGregor) (Acarina, 
Tetranychidae). Bollettino di Zoologia Agraria e di Bachicoltura 11: 195–205.

Ciglar I, Barić B (1998) Pernicious insects and mites fauna in Croatian orhards. Entomologia 
Croatica 4: 63–69.

Cole JS, Sabol-Jones M, Karolewski B, Byford T (2005) Ornithonyssus  bacoti infestation and 
elimination from a mouse colony. Contemporary Topics in Laboratory Animal Science 44: 
27–30.

Colin ME (1982) “La Varroatose.” Le Point Vétérinaire 14: 21–28.
Croft BA, Pratt PD, Koskela G, Kaufman D (1998) Predation, reproduction, and impact of 

phytoseiid mites (Acari: Phytoseiidae) on cyclamen mite (Acari: Tarsonemidae) on straw-
berry. Journal of Economic Entomology 91: 1307–1314.



Maria Navajas et al. /  BioRisk 4(1): 149–192 (2010)170

Dautel H, Kahl O (1999) Ticks (Acari: Ixodoidea) and their medical importance in the urban 
environment. In: Robinson WH, Rettich F, Rambo GW (Eds) Proceedings of the Th ird 
International Conference on Urban Pests,19–22 July 1999, Prague, Czech Republic, 73–82.

De Rycke PH, Joubert JJ, Hossein Hosseinian S, Jacobs FJ (2002) “Th e possible role of   Varroa 
destructor in the spreading of American foulbrood among apiaries.” Experimental and Ap-
plied Acarology 27: 313–318.

Delrio G, Ortu S, Prota R (1979) Aspects of integrated control in the citrus cultures of Sar-
dinia. Studi Sassaresi 27: 205–232.

Denmark HA (1968) (revised 2006) Phalaenopsis mite, Tenuipalpis pacifi cus Baker (Acarina: 
Tenuipalpidae). Entomology Circular 74: 1p.

Denmark HA (1978) A mite, Brevipalpus  russulus (Boisduval 1867) in Florida (Acarina: Tenu-
ipalpidae). Entomology Circular 188: 1–2.

Denmark HA, Cromroy HL (2008) Tropical Fowl Mite, Ornithonyssus  bursa (Berlese) (Arachnida: 
Acari: Macronyssidae). Bulletin EENY-297. Gainesville, Florida: University of Florida. 3 pp.

Deutsche Dahlien, Fuchsien, Gladiolen und Kübelpfl anzen. Fuchsiengallmilbe. http://www.
ddfgg.de/Allgemein/aktuell/Archiv/index_Fuchsiengallmilbe_2.html.

Dobosz R, Skorupska A, Blaszak C (1995) Th e appearance of spider mites (Tetranychidae) in 
parks of Poznan. In: Boczek J, Ignatowicz S, Materialy z Sympozjum na temat: “Osiagniecia 
Akarologii w Polsce”, Komitet Ochrony Roslin Polska Akademia Nauk, Siedlce, 39–42.

Drenski P (1955) Săstav i razprostranenie na kărležite (Ixodoidea) v Bălgarija (s ogled na medi-
cinskoto i veterinarnoto im značenie [Artbestand und Verbreitung der Zecken (Ixodoidea) in 
Bulgarien (im Hinblick auf ihre medizinische und tierärtztliche Bedeutung)].(in Bulgarian, 
Russian and German summary). Bulletin of the Institute of Zoology (Sofi ja) 4–5: 109–168.

Easterbrook MA 1996. Damage and Control of Eriophyoid Mites in Apple and Pear. In: 
Lindquist EE, Sabelis MW, Bruin J (Eds) Eriophyoid Mites, Th eir Biology, Natural Enemies 
and Control, 6. Amsterdam: Elsevier, 527–541.

Easterbrook JD, Kaplan JB, Glass GE, Watson J, Klein SL (2008) A survey of rodent-borne 
pathogens carried by wild-caught Norway rats: a potential threat to laboratory rodent colo-
nies. Laboratory Animals 42: 92–98.

Emmanouel NG, Papadoulis GT (1987)  Panonychus citri (MacGregor) (Tetranychidae) and 
Eriophyes medicaginis K. (Eriophyidae): two important phytophagous mites recorded for 
the fi rst time in Greece. Entomologia Hellenica 5: 3–6.

EPPO (2002) List of biological control agents widely used in the EPPO region. EPPO Bulletin 
32: 447–461.

Eriksson NE (1990) Allergy screening with Phadiatop and CAP Phadiatop in combination 
with a questionnaire in adults with asthma and rhinitis. Allergy 45: 285–292.

Estación Fitopatolóxica do Areeiro.   Cosetacus camelliae (Keifer). Camellia fl ower bud drop. 
http://www.efa-dip.org/en/Publicaciones/FTecnicas/Ficha9_1.htm.

Estrada-Peña A, unpublished observations.
Evans WD, Krantz G, Lindquist E (1996) Acari. Th e Mites. Version 13 December 1996. http://

tolweb.org/Acari/2554/1996].12.13 in Th e Tree of Life Web Project, http://tolweb.org/.



Mites and ticks (Acari). Chapter 7.4: 171

Fan Y, Petit FL (1998) Dispersal of the broad mite,   Polyphagotarsonemus latus (Acari: Tarson-
emidae) on Bemisia argentifolii (Homoptera: Aleyrodidae). Experimental and Applied Ac-
arology 22: 411–415.

Fauna Europaea. http://www.faunaeur.org.
Fauna Italia. Eriophyidae. http://www.faunaitalia.it/checklist/invertebrates/families/Eriophyi-

dae.html.
Feider Z (1965) Arachnida, Volumul V, Fascicula 2. Acaromorpha, Suprafamilia Ixodoidea 

(Capuse). In: Fauna Republicii Populare Romane. Bucarest: Editura Academiei Republicii 
Populare Romane, Romania, 89–104.

Ferragut F, Escudero LA (1999)   Tetranychus evansi Baker & Pritchard (Acari, Tetranychidae), 
una nueva araña roja en los cultivos horticolas españoles. Boletín de Sanidad Vegetal, Plagas 
25: 157–164.

Ferragut F, Escudero LA, Olmeda T (1997)   Tetranychus evansi Baker & Pritchard (Acari: 
Tetranychidae), una nueva araña roja en los cultivos hortícolas españoles. Resúmenes de 
las VI Jornadas Científi cas de la Sociedad Española de Entomología Aplicada. Leida, Spain: 
Edicións Universitat de Lleida: 66.

Ferragut F, Santonja MC (1989) Taxonomia y distribucion de los acaros del genero Tetrany-
chus Dufour 1832 (Acari: Tetranychidae), en Espana Boletín de Sanidad Vegetal, Plagas 15: 
271–281.

Ferreira MA, Carmona MM (1995) Acarofauna do tomateiro em Portugal. Avances en Entomo-
logia Ibérica, Museo Nacional Ciencias Naturales y Universidad de Madrid: 385–392.

Garben AF, Bosman BT, Bronswijk JEMH v (1980) [Th e brown dog tick Rhipicephalus  sangui-
neus Latreille 1806 in the Netherlands, an analysis of imported cases, including their veteri-
nary and medical signifi cance] (in Dutch). Tijdschrift voor Diergeneeskunde 105: 192–203.

Garcia E, Marquez AL, Orta S, Alvarado P (2003) Caracterizacion de la presencia de Eutetrany-
chus  banksi (McGregor) y  Eutetranychus orientalis (Klein) en el Sur de Espana. Phytoma 
- España 153: 90–96.

Garcia Mari F, de Rivero JM (1981) El acaro rojo  Panonychus citri (McGregor), nueva plaga de 
los citricos en Espana. Boletin del Servicio de Defensa contra Plagas e Inspeccion Fitopatologica 
7: 65–77.

Garcia Mari F, Gonzalez-Zamora JE (1999) Biological control of Tetranychus urticae (Acari: 
Tetranychidae) with naturally occurring predators in strawberry plantings in Valencia, 
Spain. Experimental and Applied Acarology 23: 487–495.

Gerson U (1992) Biology and control of the broad mite,   Polyphagotarsonemus latus (Banks) 
(Acari: Tarsonemidae). Experimental and Applied Acarology 13: 163–178.

Gjelstrup P, Møller AP (1985) A tropical mite, Ornithonyssus  bursa (Berlese, 1888) (Macronys-
sidae, Gamasida) in Danish Swallow (Hirundo rustica) nests, with a review of mites and 
ticks from Danish birds. Entomologiste Meddelelser 53: 119–125.

Glavendekić M, Mihajlović LJ, Petanović R (2005) Introduction and spread of invasive mites 
and insects in Serbia and Montenegro In Plant protection and plant health in Europe. In: 
Abstracts of the Conference Plant Protection and Plant Health in Europe, ‘Introduction and 
spread of invasive species’, Berlin, Germany: Humboldt University, June 2005.



Maria Navajas et al. /  BioRisk 4(1): 149–192 (2010)172

González Núñez M, Budia F, Viñuela E, Esteban Durán JR, Adan A, Medina P, Schneider M, 
Del Estal P (2002) Primera cita en España del eriófi do de la alcachofa Aceria neocynarae 
(Keifer). Boletín de Sanidad Vegetal, Plagas 28: 415–418.

Griffi  ths DA, Bowman CE (1981) “World distribution of the mite Varroa jacobsoni, a parasite 
of honeybee.” Bee World 62: 154–163.

Guttierez J, Kreiter S, Brain F, Cotton D (1986) Les acariens, ravageurs mal connus du cypress. 
Phytoma-La défense des végétaux 376: 47–48.

Hadžistević D (1955) [Occurence of agricultural pests during twenty years (1934–1953) in 
Yugoslavia]. Plant protection (in Serbian) 27: 89–120.

Harbo JR, Harris JW (2005) Suppressed mite reproduction explained by the behavior of adult 
bees. Journal of Apicultural Research 44: 21–23.

Hance T, Neuberg P, Noel-Lastelle C (1998) Th e use of fecundity, lobe biometry and the 
RAPD-PCR technique in order to compare strains of Tetranychus sp. Experimental & Ap-
plied Acarology, 22: 649–666.

Hatzinikolis EN (1968) Liste d’acariens de la sous-famille Tetranychinae trouvés sur les plantes 
cultivées en Grèce. Annales de l’Institut Phytopathologique Benaki 8: 193–194.

Hatzinikolis EN (1970) Neuf espèces d’acariens signalées pour la première fois en Grèce. An-
nales de l’Institut Phytopathologique Benaki 9: 238–241.

Hatzinikolis EN (1986) Th e genus Tetranychus Dufour, 1832, in Greece (Acari : Tetranychi-
dae). Biologia Gallo- hellenica 12: 383–388.

Helle W, Sabelis MW (eds.) 1985. Spider mites: their biology, natural enemies and control. Vol. 
1A. Amsterdam, Th e Netherlands: Elsevier. 405 pp.

Hetenyi E (1954) A gyapoton é lö takacsatkak (Tetranychus urticae Koch) és az ellen ük valo 
védekezés. Növényvédelen (Plant protection) 1: 11–19.

Heungens A (1986) Soft-skinned mites in azalea culture and comparable control results on 
other host plants. Verbondsnieuws voor de Belgische Sierteelt 30: 257–269.

Hoogstraal, H. (1956) African Ixodoidea. Ticks of the Sudan. Cairo, Egypt: U.S. Naval Medical 
Research Unit., 1099 pp.

Hoogstraal H (1979) Th e epidemiology of tick-borne Crimean-Congo hemorrhagic fever in 
Asia, Europe and Africa. Journal of Medical Entomology 15: 307–417.

Hughes AM (1976) Th e mites of stored foods and houses. Technical bulletin of the ministry of 
agriculture. London: Technical Bulletin of the Ministry of Agriculture, Fisheries & Food, 
No. 9. 400 pp.

James DK (2005) Biting mites in homes of Alameda county. Alameda County Vector Control 
Services District. http://www.acvcsd.org/ biting_mites.pdf.

Jeppson LR, Keifer HH, Baker EW (1975) Mites injurious to economic plants. Berkeley, Califor-
nia: University of California Press. 614 pp.

Keifer HH (1975) Injurious eriophyoid mites. In Jeppson LR, Keifer HH, Baker EW (eds.) 
Mites injurious to economic plants. Berkeley, California: University of California Press, 
397–533.

Krantz GW, Walter, D.E. (eds.) 2009. A manual of Acarology, 3rd Edition. Lubbock, Texas: Texas 
Tech University Press, 807 pp.



Mites and ticks (Acari). Chapter 7.4: 173

Kropczynska D (1984) Th e role of predaceous mites (Phytoseidae) as natural enemies of 
Eotetranychus tiliarium (Hermann) in town conditions. Publications of Warsaw Agricultural 
University, SGGW-AR (Treatises and Monographs): 1–68.

Labanowski GS (1999) Occurrence and chemical control of introduced ornamental glasshouse 
pests in Poland. OEPP/EPPO Bulletin, 29, 73–76.

Le Conte Y, de Vaublanc G, Crauser D, Jeanne F, Rousselle JC, Bécard JM (2007) Honey bee 
colonies that have survived   Varroa destructor. Apidologie 38: 566–572.

Manson DCM (1967) Mites of the families Tenuipalpidae and Tetranychidae intercepted en-
tering New Zealand from overseas. New Zealand Journal of Science 10: 664–674.

Margolies DC (1993) Adaptation to spatial variation in habitat: spatial eff ects in agroecosys-
tems. In Ke Chung K, McPheron BA (eds.) Evolution of insects pests: patterns of variation. 
New York: John Wiley & Sons Inc., 129–144.

Margolies DC (1995) Evidence of selection on spider mite dispersal rates in relation to habitat 
persistence in agroecosystems. Entomologia Experimentalis et Applicata 76: 105–108.

Mc Coy CW (1996) Damage and control of Eriophyoid mites in crops. Stylar feeding injury 
and control of Eriophyoid in citrus. Evolutionary ecology: life history patterns, food plant 
choice and dispersal. In: Lindquist EE, Sabelis MW, Bruin J (Eds) Eriophyoid Mites, Th eir 
Biology, Natural Enemies and Control, 6. Amsterdam: Elsevier, 513–526.

McMurtry JA, Croft BA (1997) Life-styles of phytoseiid mites and their roles in biological 
control. Annual Review of Entomology 42: 291–321.

Migeon A (2003) Eurytetranychus  admes: un nouvel acarien tétranyque sur les cyprès en France. 
Phytoma - La Défense des Végétaux, 561: 30–31.

Migeon A (2005) Un nouvel acarien ravageur en France:   Tetranychus evansi Baker et Pritchard. 
Phytoma - La Défense des Végétaux, 579: 38–43.

Migeon A (2007) Acarien rouge de la tomate: nouvelles observations et perspectives. PHM 
Revue Horticole, 488: 20–24.

Migeon A, Cros-Arteil S, Navajas M (2004) Th e use of taxonomical and ecological databases 
combined with the genetic approach for tracking spidermite invasions. In: Weigman G, 
Alberti G, Wolhtmann A, Ragusa S Acarine biodiversity in the natural and human sphere. 
Phytophaga Berlin, 14: 757–765.

Mijušković M (1953) [Quelques maladies et insectes nuisibles aux agrumes au Montenegro] (in 
Serbian). Zaštita Bilja, 19: 47–60.

Mijušković M (1973) [Th e study of mites on the Citrus trees on the Yugoslav littoral - fi nal techni-
cal report] (in Serbian). Titograd (Podgorica), Montenegro: Agriculture Research Institute, 
239.

Mijušković M, Tomašević B (1975) [Th e mites on the citrus trees on the Yugoslav littoral] (in 
Serbian). Titograd (Podgorica), Montenegro: Society for Sciences and Art of Montenegro. 
204 pp.

Morel P-C, Battelli C, Sobrero L (1977) Hyalomma detritum  scupense Schulze in Italia. Atti 
Societá italiana di Scienze veterinari 31: 739–740.

Morse RA, Goncalves LS (1979) Varroa disease, a threat to world beekeeping. Gleanings in Bee 
Culture 107: 179–181.



Maria Navajas et al. /  BioRisk 4(1): 149–192 (2010)174

Musken H, Franz JT, Wahl R, Paap A, Cromwell O, Masuch G, Bergmann KC (2000) Sensi-
tization to diff erent mite species in German farmers: Clinical aspects. Journal of Investiga-
tional Allergology and Clinical Immunology 10: 346–351.

Natarajan K (1988) Transport of yellow mite   Polyphagotarsonemus latus by cotton whitefl y. Cur-
rent Science 57: 1142–1143.

Neumann LG (1911) Ixodidae. Tierreich 26. Berlin: R. Friedlander und Sohn. 169 pp.
Oldfi eld GN (1996) Diversity and host plant specifi city. I In: Lindquist EE, Sabelis MW, 

Bruin J (Eds) Eriophyoid Mites, Th eir Biology, Natural Enemies and Control, 6. Amsterdam: 
Elsevier, 195–216.

Ostoja-Starzewski JC (2000) Schizotetranychus  celarius (Banks) (Acari: Prostigmata) a mite pest 
of bamboo; fi rst records for Britain and two new host records. British Journal of Entomology 
& Natural History 13: 95–97.

Ostojá-Strazewski JC, Eyre D, Cannon RJ, Bartlett P (2007) Update on Fuchsia gall mite Acu-
lops  fuchsiae Keifer. Sand Hutton, York, UK: CSL, Plant pest notice. No.5I.

Ostojá-starzewski JC, Halstead AJ (2006) Trisetacus  chamaecypari Smith (Acari: Phytoptdiae) 
damaging Leyland Cypress in Britain: a new host and country record for this mite. British 
Journal of Entomology and Natural History 19: 201–205.

Pande YD, Carnero A, Hernandez M (1989) Notes on biological observations on some unre-
corded species of phytophagous and predatory mites in Canary. Islands Investigación agrar-
ia, Producción y protección vegetales 4: 275–281.

Papaioannou-Souliotis P, Tsagarakou A, Dermatas P (1993) Integrated pest control in citrus-
groves, evaluation on new acaricides used in the treatment of citrus red mite ( Panonychus 
citri Koch.). Bulletin Oilb/Srop 16: 125–131.

Parker R, Gerson U (1994) Dispersal of the broad mite,   Polyphagotarsonemus latus (Banks) 
(Heterostigmata: Tarsonemidae), by the greenhouse whitefl y, Trialeurodes   vaporariorum 
(Westwood) (Homoptera: Aleyrodidae). Experimental and Applied Acarology 18: 581–585.

Pérez Otero R, Mansilla Vázquez P, Salinero Corral MC, Sainz Oses J (2003) Occurrence of 
Mites in CamelliaTrees Grown in Parks and gardens in Northwest Spain. American Camel-
lia Yearbook 45–50.

Petanović R (1980) Some morphological characteristics of importance in the diff erentiation of 
Panonychus   ulmi Koch. and  Panonychus citri McGregor (Tetranychidae, Acarina). Interim 
report Arhiv Za Poljoprivredne Nauke 41: 517–522.

Petanović R (1988) Eriofi dne grinje u Jugoslaviji (Monografi ja). Beograd: Naučna knjiga. 159 pp.
Petanović R (1993) Pregled vrsta eriofi da (Acari: Eriophyoidea) šumskih i ukrasnih biljaka na 

prostorima južnoslovenskih zemalja. XXI skup entomologa Jugoslavije. Beograd, 17–
18.11.1993. Zbornik rezimea, str. 22.

Petanović R (1997) Allochthonous mite species (Acari) in the fauna of Yugoslavia. Zastita Bilja 
48: 211–224.

Petanović R (1998) New data to the knowledge on the eriophyoid fauna (Acari: Eriophyoidea) 
in Yugoslavia. Acta Entomologica Serbica 3: 149–157.

Petanović R (1999) Th ree New Species of Eriophyid Mites (Acari: Eriophyoidea) from Serbia 
with the Notes on New Taxa for the Fauna of Yugoslavia. Acta Entomologica Serbica 4: 
127–137.



Mites and ticks (Acari). Chapter 7.4: 175

Petanović R (2004) [Atlas - Mite pests of decorative plants] ( in Serbian). Beograd: Beografi k. 99 pp.
Petanović R (in prep.) Database of Eriophyoid mite fauna of Serbia. Still not available on the internet.
Petanović R, Boček J, Jovanović S, Stojnić B (1996) [Eriophyoidea (Acari: Prostigmata) Fauna 

Durmitora, 5] (in Serbian). CANU, Posebna izdanja, knjiga 32, Odjeljenje prirodnih nau-
ka, knjiga 18, Podgorica.

Petanović R, Dobrivojević K (1987) Kompleks galikolnih eriofi da lista šljive. Zaštita bilja 38: 
145–156.

Petanović R, Dobrivojević K, Boczek J, Lazić S (1983) Eriofi dne grinje (Eriophyoidea: Aca-
rina) na korovskim biljkama u okolini Beograda. Arhiv za poljoprivredne nauke 44, 156 
(1983/4): 455–460.

Petanović R, Mihajlović LJ, Mihajlović N, Magud B (1997) Reckella  celtis Bog. and Aceria bezzi 
(Corti) (Acari: Eriophyoidea). Two new Species in the Balkan Fauna. Acta Entomologica 
Serbica 2: 95–106.

Petanović, R. i S. Stanković (1999) Catalogue of the Eriophyoidea (Acari: Prostigmata) of Ser-
bia and Montenegro. Acta Entomologica Serbica, special issue: 1–143.

Piotrowski F (1990) Zarys entomologii parazytologicznej. Warszawa: PWN 5. 301 pp.
Raemaekers RHE (2001) Agriculture en Afrique Tropicale. Bruxelles: Direction Générale de la 

Coopération Internationale. 1634 pp.
Ragusa S (2002) As time goes by: a profi le of Italian acarology. In Bernini F, Nannelli R, Naz-

zaci G, De Lillo E (eds) Acari Phylogeny and Evolution. Adaptations in mites and ticks. Dor-
drecht, Th e Netherlands: Kluwer Academic Publishers, 1–20.

Rambier A (1958) Les acariens nuisibles en cultures fruitières. Comptes-Rendus des Journées 
Fruitières et Maraichères, Avignon: 59–64.

Rambier AM (1982) Un acarien, sur vigne en Champagne, nouveau en France: Tetranychus 
 mcdanieli McGregor 1931 du groupe pacifi cus. Le Progrès Agricole et Viticole 99: 261–263

Razowski J (1997) (Ed) Wykaz zwierząt Polski IV. [Checklist of animals of Poland] (in Polish). 
Kraków, Poland: Wydawnictwa Instytutu Systematyki i Ewolucji Zwierząt. 303 pp.

Rigamonti IE, Lozzia GC (1999) Injurious and benefi cial mites on urban trees in Northern 
Italy. Acta Horticulturae 496: 177–182.

Ripka G (2007) Checklist of the eriophyoid mite fauna of Hungary (Acari:.Prostigmata: Erio-
phyoidea). Acta Phytopathologica et Entomologica Hungarica 42:59–142.

Ripka G, De Lillo E (1997) New data to the knowledgeon the eriophyoid fauna in Hungary 
(Acari: Eriophyoidea). Folia Entomologica Hungarica 58, 147–157.

Robbins RG, Karesh CPP, Leontyeva OA, Pereshkolnik SL, Rosenberg S (1998) First records 
of   Hyalomma aegyptium (Acari: Ixodida; Ixodidae) from the Russian spur-thighed tortoise, 
Testuda graeca nikolskii, with an analysis of tick population dynamics. Journal of Parasitol-
ogy 84: 1303–1305.

Rosicky B, Cerny V, Luli M (1960) Contribution à l’étude sur la présence, la distribution et al 
bionomie des tiques (Ixodoidea) en Albanie. Ceskoslov Parasit 7: 159–188.

Rota P, Biraghi C (1987) Oligonychus  ilicis (Mc Gregor): a tetranychid mite new to Europe, 
phytophagous on azaleas, camellias and rhododendrons. L’Informatore Agrario 43: 105–107

Ruttner F (1983) Varroatosis in honeybees: Extent of infestation and eff ects. Meeting of the EC 
Experts’ Group, Th e Netherlands, Wageningen.



Maria Navajas et al. /  BioRisk 4(1): 149–192 (2010)176

Ruttner F, Marx G (1984) “Beobachtungen über eine mögliche Anpassung von Varroa jacobsoni 
an Apis mellifera L. in Uruguay.” Apidologie 15: 43–62.

Sabelis MW, Bruin J (1996) Evolutionary ecology: life history patterns, food plant choice and 
dispersal. In: Lindquist EE, Sabelis MW, Bruin J (Eds) Eriophyoid Mites, Th eir Biology, 
Natural Enemies and Control, 6. Amsterdam: Elsevier, 329–365.

Schulze P (1927) Beitrage zur Kentniss der Zecken Europas. Sitzungsberichte der Gesellschaft 
Naturforschender Freunde zu Berlin 1: 109–126.

Schulze P, Schlottke E (1929) Bestimmungstabellen fuer das Zeckengenus Hyalomma Koch s. str. 
Sitzungsberichte und Abhandlungen der Naturforschenden Gesellschaft zu Rostock 3: 32–46.

Šefrová H, Laštůvka Z (2005) Acta Universitatis Agriculturae et Silviculturae Mendelianae Bru-
nensis 53: 151–170.

Sengonca C, Zegula T, Blaeser P (2004) Th e suitability of twelve diff erent predatory mite spe-
cies for the biological control of  Frankliniella occidentalis (Pergande) (Th ysanoptera: Th rip-
idae). Zeitschrift für Pfl anzenkrankheiten und Pfl anzenschutz 111: 388–399.

Shetchenko VG, Rupais AA (1964) Four Leggd Mites (Acarina:Eriophyidae)- pests of parks in 
Latvia. Fauna Latviskoi SSR,IV, Riga: 203–239.

Sibomana G, Geerts  S, De Vries T (1986) L’établissement de Rhipicephalus  sanguineus (La-
treille, 1806) à l’intérieur des maisons en Belgique. Annales de la Société belge de médecine 
tropicale 66 : 79–81.

Siroky P, Petrzelkova KJ, Kamler M, Mihalca A, Modry D (2007)   Hyalomma aegyptium as 
dominant tick in tortoises of the genus Testudo in Balkan countries, with notes on its host 
preferences. Experimental and applied Acarology 40: 279–290.

Smith TG (1996) Th e genus Hepatozoon (Apicomplexa: Adeleina). Journal of Parasitology 82: 
565–585.

Smith RM, Baker RHA, Malumphy CP, Hockland S, Hammon RP, Ostojá-Starzewski JC, Col-
lins DW (2007) Recent non-native invertebrate plant pest establishments in Great Britain: 
origins, pathways, and trends. Agricultural and Forest Entomology. 9, 307–326.

Soika G, Labanowski GS (1998) Nowe gayunki szpecieli (Eriophyoidea) w szkolkach roslin 
ozdobnych. Progress in Plant Protection 38: 416–418.

Soika G, Labanowski GS (1999) Szpeciele-sprawcy wyrosli I zneiksztalcen na roslinach ozdob-
nych. Progress in Plant Protection 39: 537–540.

Solignac M, Cornuet J, Vautrin D, Le Conte Y, Anderson D, Evans J, Cros-Arteil S, Navajas M 
(2005) Th e invasive Russian and Japanese types of   Varroa destructor, ectoparasite mite of 
the Western honey bee (Apis mellifera), are two partially isolated clones. Proceedings of the 
Royal Society of London B, 272: 411–419.

Th ind BB, Clarke P (2001) Th e occurrence of mites in cereal-based foods destined for human 
consumption and possible consequences of infestation. Experimental and Applied Acarology 
25: 203–215.

Trotter A (1903) Galle della Penisola Balcanica e Asia Minore. Nuovo Giornale botanico Italia-
no N.S.X. 5–54: 210–233.

Vacante V (1983) Prima raccolta di Acari Tetranichidi in Sicilia. Phytophaga 1: 41–114.



Mites and ticks (Acari). Chapter 7.4: 177

Van Houten YM, van Stratum P (1993) Biological control of western fl ower thrips in green-
house sweet peppers using nondiapausing predatory mites. Experimental and Applied Ac-
arology 4: 229–234.

Van Houten YM, van Stratum P (1995) Control of western fl ower thrips on sweet pepper in-
winterwith Amblyseius  cucumeris (Oudemans) and A.  degenerans Berlese. NATO ASI series 
A, Life Sciences 276: 245–248.

Vappula NA (1965) Pest of cultivated plants in Finland. Acta Entomologica Fennica 19: 1–239.
Vierbergen G (1989)  Panonychus citri - na vele malen geïmporteed, tenslotte geïntroduceerd. 

Verslagen en Medelingen Plantenziektenkundige Dients Wageningen 167: 52–53.
Vierbergen G (1990) Th e spider mites of the Netherlands and their economic signifi cance 

(Acarina: Tetranychidae). Proceedings of the Section Experimental & Applied Entomology of 
the Netherlands Entomological Society 1: 158–164.

Vierbergen G (1994) Entomology.  Panonychus citri: a pest in the subtropics, found in the 
Netherlands in the open. Wageningen: Medelingen, Plant Protection Service, Diagnostic 
Centre, Annual Report 173: 28–30.

Wharton GW, Hansell FC (1957) Studies on the feeding habits of three species of Laelaptid 
mites. Journal of Parasitology 43: 45–50.

Whitaker JOJ, Walters BL, Castor LK, Ritzi CM, Wilson N (2007) Host and distribution lists 
of mites (acari), parasitic and phoretic, in the hair or on the skin of North American wild 
mammals North of Mexico: Records since 1974. Faculty Publications from the Harold W. 
Manter Laboratory of Parasitology, 1–173.

Witters J, Casteels H, de Bondt G (2003) Diagnostic acarological research at the Department 
of Crop Protection in 2002–2003. Parasitica 59, 107–111.



Maria Navajas et al. /  BioRisk 4(1): 149–192 (2010)178

F
am

il
y 

Sp
ec

ies
St

at
u

s
R

eg
im

e
N

at
iv

e 
ra

n
ge

1
st

 r
ec

o
rd

 
in

 E
u

ro
p

e
In

va
d

ed
 

co
u

n
tr

ie
s

H
ab

it
at

H
o

st
s

R
ef

er
en

ce
s

D
ip

ti
lo

m
io

p
id

ae

Rh
in

op
hy

to
pt

us
 

 ba
gd

as
ar

ia
ni

  S
he

v. 
et

 
Po

g.
,1

98
5

A
Ph

yt
o p

ha
go

us
  

As
ia

 S
ou

th
 

W
es

t
20

02
, R

S
R

S
I2

, X
11

U
lm

us
, 

Q
ue

rc
us

 
m

ac
ra

nt
he

ra
, 

Sa
lix

 ca
pr

ea

Pe
ta

no
vi

ć 
(2

00
4)

Rh
yn

ca
ph

yt
op

tu
s 

ne
gu

nd
iv

ag
ra

ns
 

Fa
rk

as
,1

96
6

C
Ph

yt
o  p

ha
go

us
  

N
or

th
 

Am
er

ic
a?

 
19

60
, H

U
H

U
, R

S
I2

, X
11

Ac
er

 n
eg

un
do

 
Pe

ta
no

vi
ć 

(in
 p

re
p.

), 
R

ip
ka

 
(2

00
7)

E
p

id
er

m
o

p
ti

d
ae

Ep
id

er
m

op
te

s  b
ilo

ba
tu

s 
R

iv
ol

ta
, 1

87
6

A
pa

ra
sit

ic
/p

re
da

to
r

As
ia

- T
ro

pi
ca

l
19

48
, C

Z
C

Z
I, 

J
G

al
lu

s
Še

fro
vá

 a
nd

 L
aš

tů
vk

a 
(2

00
5)

E
ri

o
p

h
yi

d
ae

  Ac
ap

hy
lla

 th
ea

e  
(W

at
t 

&
 M

an
n,

 1
90

3)
 

A
Ph

yt
o p

ha
go

us
 

As
ia

19
83

, I
T

IT
, E

S
I2

C
am

ell
ia

 
Fa

un
a 

Eu
ro

pa
ea

 (2
00

9)
, P

ér
ez

 
O

te
ro

 e
t a

l. 
(2

00
3)

Ac
ar

ica
lu

s  h
ed

er
ae

 
K

ei
fe

r,1
93

9
A

Ph
yt

o p
ha

go
us

  
N

or
th

 
Am

er
ic

a
19

97
, R

S
R

S
I2

, X
11

H
ed

er
a 

he
lix

Pe
ta

no
vi

ć 
an

d 
St

an
ko

vi
ć 

(1
99

9)
Ac

er
ia

  a
m

br
os

ia
e 

W
ils

on
, 1

95
9

A
Ph

yt
o p

ha
go

us
  

N
or

th
 

Am
er

ic
a

19
99

, R
S

R
S

J(
 J1

–J
4)

Am
br

os
ia

 
ps

ilo
sta

ch
ya

, 
Am

br
os

ia
 

ar
te

m
isi

fo
lia

Pe
ta

no
vi

ć 
(1

99
9)

Ac
er

ia
  b

ye
rsi

 K
ei

fe
r,1

96
1

A
Ph

yt
o p

ha
go

us
  

N
or

th
 

Am
er

ic
a

19
81

, R
S

R
S

X
24

, X
25

C
uc

um
is 

sa
tiv

us
Pe

ta
no

vi
ć 

(1
98

8)
, P

et
an

ov
ić

 
(1

99
7)

Ac
er

ia
  ca

lib
er

be
ris

 
K

ei
fe

r, 
19

52
A

Ph
yt

o p
ha

go
us

  
As

ia
 S

ou
th

 
W

es
t

19
98

, R
S

R
S

I2
, X

11
Be

rb
er

is 
ca

lif
or

ni
ca

, 
M

ah
on

ia
 

dy
cti

ot
a

Pe
ta

no
vi

ć 
(1

99
8)

Ac
er

ia
  er

in
ea

  (
N

al
ep

a,
 

18
91

)
A

Ph
yt

o p
ha

go
us

  
As

ia
 S

ou
th

 
W

es
t

19
03

, B
G

BE
, B

G
, C

Z
, 

G
B,

 L
U

, M
E,

 
RO

, R
S

I1
, I

2,
 X

11
, 

X
13

Ju
gl

an
s r

eg
ia

Pe
ta

no
vi

ć 
(1

98
8)

Ta
bl

e 
7.

4.
1.

 L
ist

 a
nd

 c
ha

ra
ct

er
ist

ic
s o

f t
he

 m
ite

 sp
ec

ie
s a

lie
n 

to
 E

ur
op

e.
 S

ta
tu

s: 
A:

 A
lie

n 
to

 E
ur

op
e;

 C
: c

ry
pt

og
en

ic
 sp

ec
ie

s. 
C

ou
nt

ry
 c

od
es

 a
bb

re
vi

at
io

ns
 re

fe
r t

o 
IS

O
 3

16
6 

(s
ee

 A
pp

en
di

x 
I)

. H
ab

ita
t a

bb
re

vi
at

io
ns

 re
fe

r t
o 

EU
N

IS
 (s

ee
 A

pp
en

di
x 

II
).



Mites and ticks (Acari). Chapter 7.4: 179

F
am

il
y 

Sp
ec

ies
St

at
u

s
R

eg
im

e
N

at
iv

e 
ra

n
ge

1
st

 r
ec

o
rd

 
in

 E
u

ro
p

e
In

va
d

ed
 

co
u

n
tr

ie
s

H
ab

it
at

H
o

st
s

R
ef

er
en

ce
s

   Ac
er

ia
 li

gu
str

i 
(K

ei
fe

r,1
94

3)
A

Ph
yt

o p
ha

go
us

  
N

or
th

 
Am

er
ic

a
19

95
, R

S
BE

, H
U

, P
L,

 
R

S
I2

,F
B,

 X
11

Li
gu

str
um

 
ov

al
ifo

liu
m

 , 
Li

gu
str

um
 sp

.

Pe
ta

no
vi

ć 
(1

99
7)

, P
et

an
ov

ić
 

(1
99

8)
, S

oi
ka

 a
nd

 L
ab

an
ow

sk
i 

(1
99

8)
, W

itt
er

s e
t a

l. 
(2

00
3)

 
Ac

er
ia

 n
eo

cy
na

ra
e 

(K
ei

fe
r,1

93
9)

A
Ph

yt
o p

ha
go

us
  

N
or

th
 

Am
er

ic
a

19
98

, E
S

G
R

, I
T-

SI
C

, 
PT

, E
S

I
Cy

na
ra

 
sco

lim
us

Fa
un

a 
Eu

ro
pa

ea
 (2

00
9)

, 
G

on
zá

le
z N

úñ
ez

 e
t a

l. 
(2

00
2)

Ac
er

ia
 p

ar
ad

ia
nt

hi
 

(K
ei

fe
r,1

95
2)

A
Ph

yt
o p

ha
go

us
  

N
or

th
 

Am
er

ic
a

19
87

, G
R

IT
, P

L,
 G

R
J1

00
D

ia
nt

hu
s s

p.
An

ag
no

u-
Ve

ro
ni

ki
 e

t a
l. 

(2
00

8)
, F

au
na

 E
ur

op
ae

a 
(2

00
9)

Ac
er

ia
 p

et
an

ov
ica

e 
N

al
ep

a,
 1

92
5

A
Ph

yt
o p

ha
go

us
  

M
ed

i-
te

rr
an

ea
n 

Ea
st

19
39

, I
T

FI
, G

B,
 H

U
, 

IT
, R

S
I2

, X
11

Sy
rin

ga
Fa

un
a 

Eu
ro

pa
ea

 (2
00

9)
, F

au
na

 
Ita

lia
, P

et
an

ov
ić

 a
nd

 S
ta

nk
ov

ić
 

(1
99

9)
, R

ip
ka

 (2
00

7)
Ac

er
ia

  sa
w

at
ch

en
se 

K
ei

fe
r, 

19
65

A
Ph

yt
o p

ha
go

us
  

N
or

th
 

Am
er

ic
a

19
81

, R
S

R
S

J (
J1

–J
4)

Po
ly

go
nu

m
 

do
ug

la
sii

 ss
p.

 
 jo

hn
sto

ni
, 

Po
ly

go
nu

m
 

la
pa

tif
ol

iu
m

Pe
ta

no
vi

ć 
et

 a
l. 

(1
98

3)

   Ac
er

ia
 sh

eld
on

i  
(E

w
in

g,
 

19
37

)
A

Ph
yt

o p
ha

go
us

  
As

ia
 ?

17
th
, I

T
ES

, G
R

, I
T,

 
IT

-S
AR

, I
T-

SI
C

, M
E,

 P
T

I, 
X

13
C

itr
us

M
iju

šk
ov

ić
 a

nd
 T

om
aš

ev
ić

 
(1

97
5)

Ac
er

ia
   tr

ist
ria

ta
  

(N
al

ep
a,

 1
89

0)
A

Ph
yt

o p
ha

go
us

  
As

ia
 S

ou
th

 
W

es
t

19
03

, R
S

BG
, C

Z
, G

B,
 

LU
, M

E,
 R

S
X

13
Ju

gl
an

s
Pe

ta
no

vi
ć 

(1
99

6)
, T

ro
tte

r 
(1

90
3)

Ac
ul

op
s  a

llo
tri

ch
us

 
(N

al
ep

a,
 1

89
4)

A
Ph

yt
o p

ha
go

us
  

N
or

th
 

Am
er

ic
a

19
12

, R
O

BG
, C

Z
, R

O

Ac
ul

op
s  f

uc
hs

ia
e 

K
ei

fe
r,1

97
2

A
Ph

yt
o p

ha
go

us
  

So
ut

h 
Am

er
ic

a
20

03
, F

R
D

E,
 F

R
, G

B
I1

,I2
Fu

sch
ia

D
eu

tsc
he

 D
ah

lie
n,

 F
uc

hs
ie

n,
 

G
la

di
ol

en
 u

nd
 K

üb
el

pfl
 a

nz
en

, 
O

sto
já

-S
tr

az
ew

sk
i (

20
07

)
Ac

ul
op

s  g
led

its
ia

e 
(K

ei
fe

r, 
19

59
). 

A
Ph

yt
o p

ha
go

us
  

N
or

th
 

Am
er

ic
a

19
93

 R
S

H
U

, I
T,

 R
S

X
11

G
led

its
ia

 
tri

ac
an

th
os

Fa
un

a 
Ita

lia
, P

et
an

ov
ić

 (1
99

3)
, 

Pe
ta

no
vi

ć 
(1

99
7)

, R
ip

ka
 

(2
00

7)
, R

ip
ka

 a
nd

 D
e 

Li
llo

 
(1

99
7)

 



Maria Navajas et al. /  BioRisk 4(1): 149–192 (2010)180

F
am

il
y 

Sp
ec

ies
St

at
u

s
R

eg
im

e
N

at
iv

e 
ra

n
ge

1
st

 r
ec

o
rd

 
in

 E
u

ro
p

e
In

va
d

ed
 

co
u

n
tr

ie
s

H
ab

it
at

H
o

st
s

R
ef

er
en

ce
s

Ac
ul

op
s p

ele
ka

ssi
  

(K
ei

fe
r, 

19
59

) 
A

Ph
yt

o p
ha

go
us

  
As

ia
19

58
, G

R
ES

, G
R

, I
T,

 
IT

-S
AR

, 
IT

-S
IC

, M
E,

 
M

T

I, 
X

13
C

itr
us

 
M

iju
šk

ov
ić

 a
nd

 T
om

aš
ev

ić
 

(1
97

5)

Ac
ul

op
s r

ho
de

ns
is 

(K
ei

fe
r,1

95
7)

A
Ph

yt
o p

ha
go

us
  

N
or

th
 

Am
er

ic
a

19
97

, H
U

H
U

, I
T

X
11

, X
13

Sa
lix

 a
lb

a,
 

Sa
lix

 el
eg

no
s

Fa
un

a 
Ita

lia

   Ac
ul

us
 li

gu
str

i  
K

ei
fe

r, 
19

38
A

Ph
yt

o p
ha

go
us

  
N

or
th

 
Am

er
ic

a
19

93
, I

T
H

U
, I

T,
 R

S
X

11
, X

13
Li

gu
str

um
 

ov
al

ifo
liu

m
 , 

Li
gu

str
um

 sp
.

Fa
un

a 
Ita

lia
, P

et
an

ov
ić

 a
nd

 
St

an
ko

vi
ć 

(1
99

9)
, R

ip
ka

 
(2

00
7)

An
th

oc
op

te
s p

un
cti

do
rsa

 
K

ei
fe

r, 
19

43
A

Ph
yt

o p
ha

go
us

  
N

or
th

 
Am

er
ic

a
19

91
, I

T
IT

I2
, F

B
U

lm
us

 la
ev

is,
 

U
. p

um
ila

R
ig

am
on

ti 
an

d 
Lo

zz
ia

 (1
99

9)

An
th

oc
op

te
s   t

ra
ns

iti
on

al
is 

H
od

gk
iss

,1
91

3
A

Ph
yt

o p
ha

go
us

  
N

or
th

 
Am

er
ic

a
19

89
, R

S
R

S
X

13
Ac

er
 ru

br
um

, 
A.

 m
on

sp
ess

u-
la

nu
m

G
la

ve
nd

ek
ić

 e
t a

l. 
(2

00
5)

, 
Pe

ta
no

vi
ć 

(1
99

7)

  C
al

ac
ar

us
 ca

rin
at

us
 

(G
re

en
, 1

89
0)

A
Ph

yt
o p

ha
go

us
  

As
ia

19
83

, I
T

ES
, H

U
, I

T,
 

PL
I2

C
am

ell
ia

, 
C

ap
sic

um
, 

Vi
bu

rn
um

Fa
un

a 
Eu

ro
pa

ea
 (2

00
9)

C
ec

id
op

hy
es 

 m
al

ifo
lia

e 
Pa

rr
ot

, 1
90

6
A

Ph
yt

o p
ha

go
us

  
N

or
th

 
Am

er
ic

a
19

91
, R

S
R

S
X

13
M

al
us

 x
 

do
m

est
ica

, 
Ar

em
on

ia
 

ag
rim

on
oi

de
s

Pe
ta

no
vi

ć 
an

d 
St

an
ko

vi
ć 

(1
99

9)

C
ec

id
op

hy
op

sis
 

 he
nd

er
so

ni
 (K

ei
fe

r,1
95

4)
A

Ph
yt

o p
ha

go
us

  
N

or
th

 
Am

er
ic

a
19

91
, R

S
R

S,
 P

L
J1

00
, J

1
Yu

cc
a 

 gl
au

ca
, 

Yu
cc

a 
gl

or
io

sa
G

la
ve

nd
ek

ić
 e

t a
l. 

(2
00

5)
, 

La
ba

no
w

sk
i (

19
99

), 
Pe

ta
no

vi
ć 

(2
00

4)
C

op
to

ph
yll

a 
 la

m
im

an
i 

(K
ei

fe
r, 

19
39

)
A

Ph
yt

o p
ha

go
us

  
N

or
th

 
Am

er
ic

a
19

81
, R

S
IT

, R
S,

 M
E

I2
, F

B,
 X

13
C

or
ylu

s 
av

ell
an

a,
 

C
or

ylu
s 

co
lu

rn
a

 P
et

an
ov

ić
 (1

98
8)

, R
ig

am
on

ti 
an

d 
Lo

zz
ia

 (1
99

9)

  C
os

et
ac

us
 ca

m
ell

ia
e 

K
ei

fe
r,1

94
5

A
Ph

yt
o p

ha
go

us
  

N
or

th
 

Am
er

ic
a

19
90

, M
E

ES
, M

E
I2

, J
10

0
C

am
eli

a 
ja

po
ni

ca
Es

ta
ci

ón
 F

ito
pa

to
ló

xi
ca

 d
o 

Ar
ee

iro
 (1

99
8)

, P
et

an
ov

ić
 

(1
99

7)
, P

et
an

ov
ić

 a
nd

 
St

an
ko

vi
ć 

(1
99

9)



Mites and ticks (Acari). Chapter 7.4: 181

F
am

il
y 

Sp
ec

ies
St

at
u

s
R

eg
im

e
N

at
iv

e 
ra

n
ge

1
st

 r
ec

o
rd

 
in

 E
u

ro
p

e
In

va
d

ed
 

co
u

n
tr

ie
s

H
ab

it
at

H
o

st
s

R
ef

er
en

ce
s

 Ep
itr

im
er

us
 cu

pr
ess

i 
K

ei
fe

r,1
93

9
C

Ph
yt

o p
ha

go
us

  
C

al
ifo

rn
ia

?
19

86
, M

E
FR

, M
E

I2
C

up
re

ssu
s 

sem
pe

rv
ire

ns
G

ut
tie

re
z e

t a
l. 

(1
98

6)
, 

Pe
ta

no
vi

ć 
(1

99
3)

Er
io

ph
ye

s  e
m

ar
gi

na
ta

e 
K

ei
fe

r,1
93

9
A

Ph
yt

o p
ha

go
us

  
N

or
th

 
Am

er
ic

a
19

78
, R

S
R

S
I, 

X
13

,G
1

Pr
un

us
 

em
ar

gi
na

ta
, 

P. 
am

er
ica

na
, 

P.d
om

est
ica

Pe
ta

no
vi

ć 
(1

99
7)

, P
et

an
ov

ić
 

an
d 

D
ob

riv
oj

ev
ić

 (1
98

7)

 Er
io

ph
ye

s p
yr

i 
(P

ag
en

ste
ch

er
, 1

85
7)

C
Ph

yt
o p

ha
go

us
  

C
ry

pt
og

en
ic

19
03

, M
E

AT
, B

A,
 B

E,
 

BG
, C

H
, 

C
Y,

 C
Z

, D
E,

 
D

K
, E

S,
 F

I, 
FR

, G
B,

 G
R

, 
G

R
-C

R
E,

 
H

R
, H

U
, I

E,
 

LT
, L

V,
 M

D
, 

M
K

, M
T,

 
N

L,
 N

O
, P

L,
 

PT
, R

O
, R

U
, 

SE
, S

I, 
YU

I
Pe

ar
, a

pp
le

, 
pl

um
Be

bi
ć 

(1
95

5)
, F

au
na

 E
ur

op
ae

a 
(2

00
9)

, H
ad

žis
te

vi
ć 

(1
95

5)
, 

Tr
ot

te
r (

19
03

)

  Pa
ra

ph
yt

op
tu

s 
ch

ry
sa

nt
he

m
i 

K
ei

fe
r,1

94
0

A
Ph

yt
o p

ha
go

us
  

N
or

th
 

Am
er

ic
a

19
97

, R
S

R
S

X
25

,J1
00

C
hr

ys
an

-
th

em
um

 
m

or
ifo

liu
m

Pe
ta

no
vi

ć 
(1

99
7)

, P
et

an
ov

ić
 

an
d 

St
an

ko
vi

ć 
(1

99
9)

Ph
yll

oc
op

te
s  a

m
ar

an
th

i 
(C

or
ti,

 1
91

7)
A

Ph
yt

o p
ha

go
us

  
So

ut
h 

Am
er

ic
a

19
81

, R
S

R
S

J (
J1

–J
4)

Am
ar

an
th

us
 

m
ur

ica
tu

s, 
A.

 
re

tro
fl e

xu
s

Pe
ta

no
vi

ć 
et

 a
l. 

(1
98

3)

  Ph
yll

oc
op

te
s a

za
lea

e 
N

al
ep

a,
 1

90
4

A
Ph

yt
o p

ha
go

us
  

As
ia

- E
as

t
19

52
, C

Z
BG

, C
Z

, D
E,

 
IT

, N
L

G
Rh

od
od

en
dr

on
Fa

un
a 

Eu
ro

pa
ea

 (2
00

9)
, 

Še
fro

vá
 a

nd
 L

aš
tů

vk
a 

(2
00

5)
Re

ck
ell

a 
 ce

lti
s 

Ba
gd

as
ar

ia
n,

19
75

A
Ph

yt
o p

ha
go

us
  

Ar
m

en
ia

19
95

, R
S

M
K

, R
S

G
1,

 X
13

C
elt

is 
ca

uc
as

ia
ca

, 
C

elt
is 

au
str

al
is

Pe
ta

no
vi

ć 
et

 a
l. 

(1
99

7)



Maria Navajas et al. /  BioRisk 4(1): 149–192 (2010)182

F
am

il
y 

Sp
ec

ies
St

at
u

s
R

eg
im

e
N

at
iv

e 
ra

n
ge

1
st

 r
ec

o
rd

 
in

 E
u

ro
p

e
In

va
d

ed
 

co
u

n
tr

ie
s

H
ab

it
at

H
o

st
s

R
ef

er
en

ce
s

Sh
ev

tch
en

ke
lla

 
 br

ev
ise

to
sa

 
(H

od
gk

iss
,1

91
3)

A
Ph

yt
o p

ha
go

us
  

N
or

th
 

Am
er

ic
a

19
99

, R
S

H
U

, P
L,

 R
S

X
11

, X
24

Ac
er

 
ne

gu
nd

o.
 A

. 
ne

gu
nd

o 
va

r. 
ca

lif
or

ni
cu

m
, 

A.
ca

m
pe

str
e

 P
et

an
ov

ić
 (i

n 
pr

ep
.)

Sh
ev

tch
en

ke
lla

 
 er

ig
er

iv
ag

ra
ns

  (
D

av
is,

 
19

64
)

A
Ph

yt
o p

ha
go

us
  

N
or

th
 

Am
er

ic
a

19
89

, R
S

R
S

J (
J1

–J
4)

Er
ig

er
on

 
str

ig
os

us
 , 

Ta
ra

xa
cu

m
 

offi
  c

in
al

e, 
Ar

te
m

isi
a 

ab
sin

th
iu

m
 

Pe
ta

no
vi

ć 
an

d 
St

an
ko

vi
ć 

(1
99

9)

Te
go

lo
ph

us
  ca

lif
ra

xi
ni

 
(K

ei
fe

r, 
19

38
)

A
Ph

yt
o p

ha
go

us
  

N
or

th
 

Am
er

ic
a

19
88

, I
T

H
U

, I
T

I2
, X

10
–X

13
, 

X
20

Fr
ax

in
us

 
an

gu
sti

fo
lia

 
Fa

un
a 

Ita
lia

, R
ip

ka
 (2

00
7)

, 
R

ip
ka

 a
nd

 D
e 

Li
llo

 (1
99

7)
Va

sa
te

s q
ua

dr
ip

ed
es 

Sh
im

er
 1

86
9

A
Ph

yt
o p

ha
go

us
  

N
or

th
 

Am
er

ic
a

19
57

, L
V

H
U

, L
V,

 R
S,

 
PL

I2
,F

B
Ac

er
 

sa
cc

ha
rin

um
, 

A.
ps

eu
do

-
pl

at
an

us
, A

. 
ru

br
um

Pe
ta

no
vi

ć 
an

d 
St

an
ko

vi
ć 

(1
99

9)
, R

ip
ka

 (2
00

7)
, 

Sh
et

ch
en

ko
 a

nd
 R

up
ai

s 
(1

96
4)

, S
oi

ka
 a

nd
 L

ab
an

ow
sk

i 
(1

99
9)

Ix
o

d
id

ae

Am
bl

yo
m

m
a 

 la
tu

m
 

K
oc

h,
 1

84
4

A
pa

ra
sit

ic
/p

re
da

to
r

Af
ric

a
20

04
, E

S
ES

E
Re

pt
ile

, 
py

th
on

 B
ro

tó
ns

 a
nd

 E
str

ad
a-

Pe
ña

 
(2

00
4)

Am
bl

yo
m

m
a 

 ex
or

na
tu

m
 

K
oc

h,
 1

84
4

A
Pa

ra
sit

ic
/p

re
da

to
r

Af
ric

a
20

04
, E

S
ES

E
Re

pt
ile

, 
ph

yt
on

Es
tr

ad
a-

Pe
ña

 (U
np

ub
l.)

  D
er

m
ac

en
to

r v
ar

ia
bi

lis
 

(S
ay

, 1
82

1)
A

pa
ra

sit
ic

/p
re

da
to

r
N

or
th

 
Am

er
ic

a
?, 

D
K

D
K

G
D

og
 (t

ra
ns

m
it 

Ly
m

e 
di

se
as

e)
  H

ya
lo

m
m

a 
ae

gy
pt

iu
m

 
(L

., 
17

58
)

A
pa

ra
sit

ic
/p

re
da

to
r

Af
ric

a
19

11
, D

E
AL

, B
E,

 B
G

, 
C

Y,
 D

E,
 E

S,
 

FR
, G

B,
 G

R
, 

G
R

-C
R

E,
 IT

, 
PT

, R
O

, R
U

I
To

rt
oi

se
s 

( t
ra

ns
m

it 
Bo

re
lli

a)

Br
ot

ón
s a

nd
 E

str
ad

a-
Pe

ña
 

(2
00

4)
, F

ei
de

r (
19

65
), 

N
eu

m
an

n 
(1

91
1)

, R
ob

bi
ns

 
et

 a
l. 

(1
99

8)
, S

ch
ul

ze
 (1

92
7)

, 
Si

ro
ky

 P
et

 a
l. 

(2
00

7)



Mites and ticks (Acari). Chapter 7.4: 183

F
am

il
y 

Sp
ec

ies
St

at
u

s
R

eg
im

e
N

at
iv

e 
ra

n
ge

1
st

 r
ec

o
rd

 
in

 E
u

ro
p

e
In

va
d

ed
 

co
u

n
tr

ie
s

H
ab

it
at

H
o

st
s

R
ef

er
en

ce
s

H
ya

lo
m

m
a 

 an
at

ol
icu

m
 

K
oc

h 
18

44
A

pa
ra

sit
ic

/p
re

da
to

r
C

ry
pt

og
en

ic
19

29
, C

Y
C

Y
F4

, F
5,

 F
6,

 F
7

C
at

tle
Ap

an
as

ke
vi

ch
 (2

00
3)

, S
ch

ul
ze

 
an

d 
Sc

hl
ot

tk
e 

(1
92

9)
H

ya
lo

m
m

a 
 dr

om
ed

ar
ii 

K
oc

h 
18

44
A

pa
ra

sit
ic

/p
re

da
to

r
Af

ric
a

19
29

BG
, E

S-
C

AN
F4

, F
5,

 F
6,

 F
7

C
am

el
s

D
re

ns
ki

 (1
95

5)
, S

ch
ul

ze
 a

nd
 

Sc
hl

ot
tk

e 
(1

92
9)

  H
ya

lo
m

m
a 

ex
ca

va
tu

m
 

Po
m

er
an

tse
v 

19
46

A
pa

ra
sit

ic
/p

re
da

to
r

C
ry

pt
og

en
ic

19
40

AL
, B

G
, C

Y,
 

ES
-C

AN
, 

G
R

, G
R

-
C

R
E,

 IT

F4
, F

5,
 F

6,
 F

7
C

at
tle

Ap
an

as
ke

vi
ch

 (2
00

3)
, B

at
te

lli
 

et
 a

l. 
(1

97
7)

, D
re

ns
ki

 (1
95

5)
, 

Ro
sic

ky
 e

t a
l. 

(1
96

0)

H
ya

lo
m

m
a 

  tr
un

ca
tu

m
 

K
oc

h 
18

44
A

pa
ra

sit
ic

/p
re

da
to

r
C

ry
pt

og
en

ic
19

56
 E

S-
C

AN
ES

-C
AN

F4
, F

5,
 F

6,
 F

7
C

at
tle

H
oo

gs
tr

aa
l (

19
56

)

Rh
ip

ice
ph

al
us

 
 ro

ssi
cu

s  
Ya

ki
m

ov
 &

 
K

ol
ya

ki
m

ov
a,

 1
91

1

A
pa

ra
sit

ic
/p

re
da

to
r

C
ry

pt
og

en
ic

19
65

, R
O

RO
F4

, F
5,

 F
6,

 F
7

D
om

es
tic

 
an

im
al

s, 
he

dg
eh

og
s, 

oc
ca

sio
na

lly
 

hu
m

an
s 

(tr
an

sm
it 

C
rim

ea
n 

co
ng

o 
ha

em
or

ra
gi

c 
fe

ve
r)

Fe
id

er
 (1

96
5)

L
ae

la
p

id
ae

La
ela

ps
  ec

hi
dn

in
us

 
Be

rle
se

, 1
88

7
A

pa
ra

sit
ic

/p
re

da
to

r
As

ia
- T

ro
pi

ca
l

19
55

, C
Z

C
Z

G
sp

in
y 

ra
t 

Še
fro

vá
 a

nd
 L

aš
tů

vk
a 

(2
00

5)
, 

Sm
ith

 e
t a

l. 
(2

00
7)

, W
ha

rt
on

 
an

d 
H

an
se

ll 
(1

95
7)

O
nd

at
ra

la
ela

ps
 

m
ul

tis
pi

no
su

s  
(B

an
ks

, 
19

09
)

A
pa

ra
sit

ic
/p

re
da

to
r

N
or

th
 

Am
er

ic
a

19
55

, C
Z

C
Z

C
M

us
kr

at
Še

fro
vá

 a
nd

 L
aš

tů
vk

a 
(2

00
5)

L
is

tr
o

p
h

o
ri

d
ae

  Li
str

op
ho

ru
s a

m
er

ica
nu

s 
R

ad
fo

rd
, 1

94
4

A
pa

ra
sit

ic
/p

re
da

to
r

N
or

th
 

Am
er

ic
a

19
55

, C
Z

 C
Z

C
, I

m
us

kr
at

Ba
ue

r a
nd

 W
hi

ta
ke

r (
19

81
), 

Še
fro

vá
 a

nd
 L

aš
tů

vk
a 

(2
00

5)
, 

W
hi

ta
ke

r (
20

07
)



Maria Navajas et al. /  BioRisk 4(1): 149–192 (2010)184

F
am

il
y 

Sp
ec

ies
St

at
u

s
R

eg
im

e
N

at
iv

e 
ra

n
ge

1
st

 r
ec

o
rd

 
in

 E
u

ro
p

e
In

va
d

ed
 

co
u

n
tr

ie
s

H
ab

it
at

H
o

st
s

R
ef

er
en

ce
s

Li
str

op
ho

ru
s  d

oz
ier

i 
Re

df
or

d,
 1

99
4

A
pa

ra
sit

ic
/p

re
da

to
r

N
or

th
 

Am
er

ic
a

20
04

, C
Z

C
Z

C
, I

m
us

kr
at

Ba
ue

r a
nd

 W
hi

ta
ke

r (
19

81
), 

Še
fro

vá
 a

nd
 L

aš
tů

vk
a 

(2
00

5)
,W

hi
ta

ke
r (

20
07

)
Li

str
op

ho
ru

s  f
ai

ni
 

D
ub

in
in

a,
 1

97
2

A
pa

ra
sit

ic
/p

re
da

to
r

N
or

th
 

Am
er

ic
a

20
04

, C
Z

C
Z

C
, I

m
us

kr
at

Ba
ue

r a
nd

 W
hi

ta
ke

r (
19

81
), 

Še
fro

vá
 a

nd
 L

aš
tů

vk
a 

(2
00

5)
,W

hi
ta

ke
r (

20
07

)
Li

str
op

ho
ru

s   v
al

id
us

 
Ba

nk
s, 

19
10

A
pa

ra
sit

ic
/p

re
da

to
r

N
or

th
 

Am
er

ic
a

20
04

, C
Z

C
Z

C
, I

m
us

kr
at

Ba
ue

r a
nd

 W
hi

ta
ke

r (
19

81
), 

Še
fro

vá
 a

nd
 L

aš
tů

vk
a 

(2
00

5)
,W

hi
ta

ke
r (

20
07

)
M

ac
ro

n
ys

si
d

ae

O
rn

ith
on

ys
su

s  b
ac

ot
i 

(H
irs

t, 
19

13
)

A
pa

ra
sit

ic
/p

re
da

to
r

As
ia

- T
ro

pi
ca

l
19

52
, C

Z
C

Z
G

, I
, J

tro
pi

ca
l r

at
, 

ra
t, 

m
ic

es
, 

lit
tle

 ro
de

nt
s

Bo
w

m
an

 e
t a

l. 
(2

00
3)

, C
ol

e 
et

 a
l. 

(2
00

5)
, E

as
te

rb
ro

ok
 

et
 a

l. 
(2

00
8)

, J
am

es
 (2

00
5)

, 
Še

fro
vá

 a
nd

 L
aš

tů
vk

a 
(2

00
5)

, 
W

hi
ta

ke
r (

20
07

)
O

rn
ith

on
ys

su
s  b

ur
sa

 
(B

er
le

se
)

A
pa

ra
sit

ic
/p

re
da

to
r

C
 &

 S
 

Am
er

ic
a

19
48

, C
Z

C
Z

, D
K

G
, I

, J
bi

rd
s, 

m
am

m
al

s 
Be

rg
gr

en
 (2

00
5)

, D
en

m
ar

k 
an

d 
C

ro
m

ro
y 

(2
00

8)
, 

G
je

lst
ru

p 
an

d 
M

øl
le

r (
19

85
), 

Ja
m

es
 (2

00
5)

M
yo

co
p

id
ae

M
yo

co
pt

es 
on

da
tra

e 
Lu

ko
sc

hu
s &

 R
ou

w
et

, 
19

68

A
pa

ra
sit

ic
/p

re
da

to
r

N
or

th
 

Am
er

ic
a

20
04

, C
Z

C
Z

C
, 1

M
us

kr
at

Ba
ue

r a
nd

 W
hi

ta
ke

r (
19

81
), 

Še
fro

vá
 a

nd
 L

aš
tů

vk
a 

(2
00

5)
,W

hi
ta

ke
r (

20
07

)
P

h
yt

o
p

ti
d

ae

Ph
yt

op
tu

s  h
ed

er
ico

la
 

K
ei

fe
r, 

19
43

A
Ph

yt
o p

ha
go

us
  

So
ut

h 
Af

ric
a

20
02

, R
S

R
S

I2
, X

11
H

ed
er

a 
he

lix
 

 G
la

ve
nd

ek
ić

 e
t a

l. 
(2

00
5)

Se
to

pt
us

   st
ro

bi
cu

s 
K

ei
fe

r,1
96

6
A

s
N

or
th

 
Am

er
ic

a
20

05
, R

S
R

S
G

3F
, X

25
, X

11
Pi

nu
s s

tro
bu

s
Pe

ta
no

vi
ć 

(in
 p

re
p.

)

Si
er

ra
ph

yt
op

tu
s 

 al
ni

va
gr

an
s K

ei
fe

r, 
19

39
A

Ph
yt

o p
ha

go
us

  
N

or
th

 
Am

er
ic

a
20

07
, R

S
R

S
G

1
Al

nu
s g

lu
tin

os
a

Pe
ta

no
vi

ć 
(in

 p
re

p.
)



Mites and ticks (Acari). Chapter 7.4: 185

F
am

il
y 

Sp
ec

ies
St

at
u

s
R

eg
im

e
N

at
iv

e 
ra

n
ge

1
st

 r
ec

o
rd

 
in

 E
u

ro
p

e
In

va
d

ed
 

co
u

n
tr

ie
s

H
ab

it
at

H
o

st
s

R
ef

er
en

ce
s

Tr
ise

ta
cu

s  c
ha

m
ae

cy
pa

ri 
Sm

ith
, 1

97
7

A
Ph

yt
o p

ha
go

us
  

N
or

th
 

Am
er

ic
a

20
02

G
B

I2
C

ha
m

ec
yp

ar
is,

 
la

w
so

ni
an

na
, 

C
. n

oo
tk

ae
ns

is,
 

C
up

re
ssu

s 
m

ac
ro

ca
rp

a,
 

Ju
ni

pe
ru

s 
vi

rg
in

ia
na

O
sto

já
-s

ta
rz

ew
sk

i a
nd

 
H

al
ste

ad
 (2

00
6)

, S
m

ith
 e

t a
l. 

(2
00

7)

P
h

yt
o

se
ii

d
ae

 Ph
yt

os
eiu

lu
s p

er
sim

ili
s 

At
hi

as
-H

en
rio

t 1
95

7
A

pa
ra

sit
ic

/p
re

da
to

r
So

ut
h 

Am
er

ic
a

19
74

,C
Z

 
BG

, C
Z

, B
E,

 
D

E,
 E

S,
 G

B,
 

IT
 

I
Pr

ed
at

or
 o

f 
Te

tra
ny

ch
us

Ba
rt

le
tt 

(1
99

2)
, C

ro
ft 

et
 a

l. 
(1

99
8)

, E
as

te
rb

ro
ok

 (1
99

6)
, 

EP
PO

 (2
00

2)
, G

ar
ci

a 
M

ar
i 

an
d 

G
on

za
le

z-
Za

m
or

a 
(1

99
9)

, 
H

el
le

 a
nd

 S
ab

el
is 

(1
98

5)
, 

M
cM

ur
tr

y 
an

d 
C

ro
ft 

(1
99

7)
, 

Še
fro

vá
 a

nd
 L

aš
tů

vk
a 

(2
00

5)
Am

bl
ys

eiu
s (

N
eo

sei
ul

us
) 

ca
lif

or
ni

cu
s  

(M
cG

re
go

r 
19

54
)

A
pa

ra
sit

ic
/p

re
da

to
r

N
or

th
 

Am
er

ic
a

19
91

, G
B

BG
, C

Z
, G

B,
 

IT
I

Pr
ed

at
or

 o
f 

Te
tra

ny
ch

us
C

ro
ft 

et
 a

l. 
(1

99
8)

, 
Ea

ste
rb

ro
ok

 (1
99

6)
, E

PP
O

 
(2

00
2)

, G
ar

ci
a 

M
ar

i a
nd

 
G

on
za

le
z-

Za
m

or
a 

(1
99

9)
, 

H
el

le
 a

nd
 S

ab
el

is 
(1

98
5)

, 
M

cM
ur

tr
y 

an
d 

C
ro

ft 
(1

99
7)

, 
Še

fro
vá

 a
nd

 L
aš

tů
vk

a 
(2

00
5)

Ty
ph

lo
cto

nu
s   s

qu
am

ig
er

 
W

ai
ns

te
in

 1
96

0
A

Ph
yt

o p
ha

go
us

 
C

ry
pt

og
en

ic
19

91
, I

T
IT

I
Ac

er
 

pl
at

an
oi

de
s, 

Pr
un

us
 

ser
ra

tu
la

ta

R
ig

am
on

ti 
an

d 
Lo

zz
ia

 (1
99

9)
 

P
yr

o
gl

yp
h

id
ae

  D
er

m
at

op
ha

go
id

es 
ev

an
si 

 F
ai

n,
 H

ug
he

s e
t 

Jo
hn

sto
n,

 1
96

7

A
pa

ra
sit

ic
/p

re
da

to
r

N
or

th
 

Am
er

ic
a

U
nk

no
w

n
N

L,
 N

O
, P

L,
 

IT
J

ho
us

e 
du

st
Bi

gl
io

cc
hi

 a
nd

 M
ar

ol
i (

19
95

), 
Er

ik
ss

on
 (1

99
0)

, H
ug

he
s 

(1
97

6)
, M

us
ke

n 
et

 a
l. 

(2
00

0)
, 

Pi
ot

ro
w

sk
i (

19
90

), 
R

az
ow

sk
i 

(1
99

7)
, Th

 i
nd

 a
nd

 C
la

rk
e 

(2
00

1)



Maria Navajas et al. /  BioRisk 4(1): 149–192 (2010)186

F
am

il
y 

Sp
ec

ies
St

at
u

s
R

eg
im

e
N

at
iv

e 
ra

n
ge

1
st

 r
ec

o
rd

 
in

 E
u

ro
p

e
In

va
d

ed
 

co
u

n
tr

ie
s

H
ab

it
at

H
o

st
s

R
ef

er
en

ce
s

T
ar

so
n

em
id

ae

  Po
lyp

ha
go

ta
rso

ne
m

us
 

la
tu

s (
Ba

nk
s, 

19
04

A
Ph

yt
o p

ha
go

us
 

Sr
i L

an
ka

IT
, 1

96
5

D
K

, E
S,

 G
B,

 
IT

, I
T-

SA
R

, 
IT

-S
IC

, N
L,

 
RO

, R
S,

 B
E,

 
D

E

I
po

ly
ph

ag
ou

s: 
cr

op
s, 

ve
ge

ta
bl

es
, 

fru
its

 a
nd

 
le

av
es

C
AB

-I
nt

er
na

tio
na

l (
19

86
), 

Fa
n 

an
d 

Pe
tit

 (1
99

8)
, G

er
so

n 
(1

99
2)

, H
eu

ng
en

s (
19

86
), 

N
at

ar
aj

an
 (1

98
8)

, P
ar

ke
r a

nd
 

G
er

so
n 

(1
99

4)
, R

ae
m

ae
ke

rs
 

(2
00

1)
T

en
u

ip
al

p
id

ae

  Br
ev

ip
al

pu
s c

al
ifo

rn
icu

s 
(B

an
ks

, 1
90

4)
A

Ph
yt

o p
ha

go
us

 
N

or
th

 
Am

er
ic

a
IT

, 1
99

8
C

Y,
 F

R
, G

R
-

C
R

E,
 G

R
, I

T,
 

IT
-S

AR
, I

T-
SI

C
, P

T,
 IL

I2
, J

10
0

C
itr

us
, 

C
am

ell
ia

 
sin

en
sis

C
AB

-I
nt

er
na

tio
na

l (
19

86
), 

C
hi

ld
er

s e
t a

l. 
(2

00
3a

), 
C

hi
ld

er
s e

t a
l. 

(2
00

3b
)

   Br
ev

ip
al

pu
s l

ew
isi

 
(M

cG
re

go
r 1

94
9)

A
Ph

yt
o p

ha
go

us
 

N
or

th
 

Am
er

ic
a

U
nk

no
w

n
BG

, F
R

, G
R

, 
RO

I2
, J

10
0

C
itr

us
, 

or
na

m
en

ta
ls

C
hi

ld
er

s e
t a

l. 
(2

00
3a

)

Br
ev

ip
al

pu
s p

ho
en

ici
s 

(G
ei

jsk
es

 1
93

9)
A

Ph
yt

o p
ha

go
us

 
Tr

op
ic

al
IT

, 1
99

8
ES

, G
R

, I
T,

 
N

L
I2

, J
10

0
Po

ly
ph

ag
ou

s, 
C

itr
us

, 
G

ar
de

ni
a,

 
H

ib
isc

us
, I

lex
, 

Li
gu

str
um

; 
Fi

cu
s, 

Ph
oe

ni
x,

 
Pr

un
us

C
hi

ld
er

s e
t a

l. 
(2

00
3a

), 
C

hi
ld

er
s e

t a
l. 

(2
00

3b
)

Br
ev

ip
al

pu
s o

bo
va

tu
s 

D
on

na
di

eu
, 1

87
5

A
Ph

yt
o p

ha
go

us
 

N
or

th
 

Am
er

ic
a

IT
, 1

98
6

AT
, F

R
, D

E,
 

IL
, N

L,
 S

P, 
R

S,
 B

E,
 B

A,
 

BG
, H

R
, C

Y,
 

G
R

, I
T,

 P
T,

 
RO

, U
A

I2
C

itr
us

, 
C

am
ell

ia
, 

C
off

 ea
, 

M
en

th
a,

 
So

la
nu

m

C
AB

-I
nt

er
na

tio
na

l (
19

86
), 

C
hi

ld
er

s e
t a

l. 
(2

00
3a

), 
C

hi
ld

er
s e

t a
l. 

(2
00

3b
), 

G
la

ve
nd

ek
ić

 e
t a

l. 
(2

00
5)

, 
M

an
so

n 
(1

96
7)

Br
ev

ip
al

pu
s  r

us
su

lu
s 

(B
oi

sd
uv

al
 1

86
7)

A
Ph

yt
o p

ha
go

us
 

C
 &

 S
 

Am
er

ic
a

18
67

, F
R

BE
, D

E,
 F

R
, 

G
B,

 G
R

, N
L,

 
PT

, U
A

J1
00

C
ac

ta
ce

ae
D

en
m

ar
k 

(1
97

8)



Mites and ticks (Acari). Chapter 7.4: 187

F
am

il
y 

Sp
ec

ies
St

at
u

s
R

eg
im

e
N

at
iv

e 
ra

n
ge

1
st

 r
ec

o
rd

 
in

 E
u

ro
p

e
In

va
d

ed
 

co
u

n
tr

ie
s

H
ab

it
at

H
o

st
s

R
ef

er
en

ce
s

Te
nu

ip
al

pu
s  c

au
da

tu
s 

(D
ug

ès
 1

83
4)

A
Ph

yt
o p

ha
go

us
 

Tr
op

ic
al

U
nk

no
w

n
FR

, G
R

, I
T,

 
PT

I2
, J

10
0

C
itr

us
M

an
so

n 
(1

96
7)

 Te
nu

ip
al

pu
s p

ac
ifi 

cu
s 

Ba
ke

r 1
94

5
A

Ph
yt

o p
ha

go
us

 
C

 &
 S

 
Am

er
ic

a 
U

nk
no

w
n

D
E,

 G
B,

 N
L,

 
RO

, R
S

J1
00

O
rc

hi
ds

: 
Ph

al
ae

no
ps

is,
 

et
c.

.

D
en

m
ar

k 
(1

96
8)

, G
la

ve
nd

ek
ić

 
et

 a
l. 

(2
00

5)
, M

an
so

n 
(1

96
7)

T
et

ra
n

yc
h

id
ae

   Eo
te

tra
ny

ch
us

 le
w

isi
 

(M
cG

re
go

r, 
19

43
)

A
Ph

yt
o p

ha
go

us
 

C
 &

 S
 

Am
er

ic
a

19
90

, P
T-

M
AD

PT
-M

AD
I

C
itr

us
, C

ar
ica

C
ar

m
on

a 
(1

99
2)

 

Eo
te

tra
ny

ch
us

   w
eld

on
i 

(E
w

in
g,

 1
91

3)
A

Ph
yt

o p
ha

go
us

 
N

or
th

 
Am

er
ic

a
20

04
, R

S
AL

, M
K

, R
S

I
Po

pu
lu

s
G

la
ve

nd
ek

ić
 e

t a
l. 

(2
00

5)

Eu
ry

te
tra

ny
ch

us
  a

dm
es 

Pr
itc

ha
rd

 &
 B

ak
er

, 
19

55

A
Ph

yt
o p

ha
go

us
 

N
or

th
 

Am
er

ic
a

19
70

, H
U

FR
, H

U
I2

C
on

ife
ro

us
Bo

za
i (

19
70

), 
M

ig
eo

n 
(2

00
3)

Eu
ry

te
tra

ny
ch

us
 

 fu
rc

ise
tu

s  
W

ai
ns

te
in

, 
19

56

A
Ph

yt
o p

ha
go

us
 

As
ia

-
Te

m
pe

ra
te

19
74

, H
U

H
U

G
Pi

ce
a

Bo
za

i (
19

74
)

Eu
te

tra
ny

ch
us

  b
an

ks
i 

(M
cG

re
go

r, 
19

14
)

A
Ph

yt
o p

ha
go

us
 

C
 &

 S
 

Am
er

ic
a

20
01

, E
S

ES
, P

T
I

C
itr

us
G

ar
ci

a 
et

 a
l. 

(2
00

3)

 Eu
te

tra
ny

ch
us

 o
rie

nt
al

is 
(K

le
in

, 1
93

6)
A

Ph
yt

o p
ha

go
us

 
As

ia
-T

ro
pi

ca
l

20
01

, E
S

ES
I

C
itr

us
G

ar
ci

a 
et

 a
l. 

(2
00

3)

  O
lig

on
yc

hu
s b

ico
lo

r 
(B

an
ks

, 1
89

4)
A

Ph
yt

o p
ha

go
us

 
N

or
th

 
Am

er
ic

a?
19

72
, I

T
IT

-S
AR

, I
T-

SI
C

, I
T,

 P
T

I2
Q

ue
rc

us
 ro

bu
r, 

C
as

ta
ne

a
R

ig
am

on
ti 

an
d 

Lo
zz

ia
 (1

99
9)

O
lig

on
yc

hu
s  i

lic
is 

(M
cG

re
go

r, 
19

17
)

A
Ph

yt
o p

ha
go

us
 

As
ia

-
Te

m
pe

ra
te

19
85

, I
T

IT
, N

L
I2

Az
al

ea
, 

Rh
od

od
en

dr
on

, 
C

am
eli

a

 R
ot

a 
an

d 
Bi

ra
gh

i (
19

87
)

  O
lig

on
yc

hu
s l

ar
ici

s 
Re

ev
es

, 1
96

3
A

Ph
yt

o p
ha

go
us

 
N

or
th

 
Am

er
ic

a
19

64
, P

L
PL

I2
La

rix
Bo

cz
ek

 (1
96

4)
, D

ob
oz

 e
t a

l. 
(1

99
5)

O
lig

on
yc

hu
s p

er
di

tu
s 

Pr
itc

ha
rd

 &
 B

ak
er

, 
19

55

A
Ph

yt
o p

ha
go

us
 

As
ia

-
Te

m
pe

ra
te

19
90

, N
L

N
L

I2
Ju

ni
pe

ru
s 

ch
in

en
sis

V
ie

rb
er

ge
n 

(1
99

0)



Maria Navajas et al. /  BioRisk 4(1): 149–192 (2010)188

F
am

il
y 

Sp
ec

ies
St

at
u

s
R

eg
im

e
N

at
iv

e 
ra

n
ge

1
st

 r
ec

o
rd

 
in

 E
u

ro
p

e
In

va
d

ed
 

co
u

n
tr

ie
s

H
ab

it
at

H
o

st
s

R
ef

er
en

ce
s

O
lig

on
yc

hu
s p

er
sea

e 
Tu

ttl
e,

 B
ak

er
 &

 
Ab

ba
tie

llo
, 1

97
6

A
Ph

yt
o p

ha
go

us
 

N
or

th
 

Am
er

ic
a

20
04

, E
S

ES
I1

Pe
rse

a 
am

er
ica

na
Al

cá
za

r e
t a

l. 
(2

00
5)

O
lig

on
yc

hu
s p

rit
ch

ar
di

 
(M

cG
re

go
r, 

19
50

)
A

Ph
yt

o p
ha

go
us

 
N

or
th

 
Am

er
ic

a
19

84
, P

L
PL

G
Q

ue
rc

us
 ro

bu
r

K
ro

pc
zy

ns
ka

 (1
98

4)
, D

ob
oz

 e
t 

al
. (

19
95

)
O

lig
on

yc
hu

s p
un

ica
e 

(H
irs

t, 
19

26
)

A
Ph

yt
o p

ha
go

us
 

C
 &

 S
 

Am
er

ic
a

19
88

, F
R

-
C

O
R

FR
-C

O
R

I2
po

ly
ph

ag
ou

s: 
Q

ue
rc

us
, 

Ju
gl

an
s, 

Eu
ca

lyp
tu

s

Bo
lla

nd
 e

t a
l. 

(1
99

8)

 Pa
no

ny
ch

us
 ci

tri
 

(M
cG

re
go

r, 
19

16
)

A
Ph

yt
o p

ha
go

us
 

As
ia

19
50

, F
R

AL
, B

G
, E

S,
 

ES
-C

AN
, F

I, 
FR

, G
B,

 G
R

-
C

R
E,

 G
R

, 
H

R
, H

U
, 

IT
, I

T-
SA

R
, 

IT
-S

IC
, M

K
, 

N
L,

 N
O

, P
L,

 
PT

, R
O

, S
I, 

U
A,

 Y
U

I1
, I

2
C

itr
us

Ba
le

vs
ki

 (1
96

7)
, B

er
ni

ni
 

et
 a

l. 
(1

99
5)

, B
ow

m
an

 
an

d 
Ba

rt
le

tt 
(1

97
8)

, B
oz

ai
 

(1
97

0)
, C

ia
m

po
lin

i a
nd

 R
ot

a 
(1

97
2)

, C
ig

la
r a

nd
 B

ar
ić

 
(1

99
8)

, D
el

rio
 e

t a
l. 

(1
97

9)
, 

Em
m

an
ou

el
 a

nd
 P

ap
ad

ou
lis

 
(1

98
7)

, F
au

na
 E

ur
op

ae
a 

(2
00

9)
, G

ar
ci

a 
M

ar
i a

nd
 d

e 
R

iv
er

o 
(1

98
1)

, J
ep

ps
on

 e
t a

l. 
(1

97
5)

, M
iju

šk
ov

ić
 (1

95
3)

, 
Pa

nd
e 

et
 a

l. 
(1

98
9)

, P
et

an
ov

ić
 

(1
98

0)
, R

am
bi

er
 (1

95
8)

, 
Va

ca
nt

e 
(1

98
3)

, V
ap

pu
la

 
(1

96
5)

, V
ie

rb
er

ge
n 

(1
98

9)
 

Pe
tro

bi
a 

(T
et

ra
ny

ch
in

a)
 

 lu
pi

ni
  (

M
cG

re
go

r, 
19

50
)

A
Ph

yt
o p

ha
go

us
 

N
or

th
 

Am
er

ic
a

19
68

, G
R

G
R

I
Lu

pi
nu

s.,
 

Fr
ag

ar
ia

, 
Po

ac
ea

e

H
at

zin
ik

ol
is 

(1
97

0)
, 

Pa
pa

io
an

no
u-

So
ul

io
tis

 e
t a

l. 
(1

99
3)

  Sc
hi

zo
te

tra
ny

ch
us

 
ba

m
bu

sa
e R

ec
k,

 1
94

1
A

Ph
yt

o p
ha

go
us

 
As

ia
-

Te
m

pe
ra

te
20

01
, F

R
FR

I2
Ba

m
bu

sa
ce

ae
Au

ge
r a

nd
 M

ig
eo

n 
(2

00
7)

, 
M

ig
eo

n 
et

 a
l. 

(2
00

4)
Sc

hi
zo

te
tra

ny
ch

us
 

pa
ra

sem
us

 P
rit

ch
ar

d 
&

 
Ba

ke
r, 

19
55

A
Ph

yt
o p

ha
go

us
 

N
or

th
 

Am
er

ic
a

19
64

, P
L

PL
I

Cy
no

do
n,

 
Po

ac
ea

e
Bo

cz
ek

 a
nd

 K
ro

pc
zy

ns
ka

 
(1

96
4)



Mites and ticks (Acari). Chapter 7.4: 189

F
am

il
y 

Sp
ec

ies
St

at
u

s
R

eg
im

e
N

at
iv

e 
ra

n
ge

1
st

 r
ec

o
rd

 
in

 E
u

ro
p

e
In

va
d

ed
 

co
u

n
tr

ie
s

H
ab

it
at

H
o

st
s

R
ef

er
en

ce
s

St
ig

m
ae

op
sis

  ce
la

riu
s 

Ba
nk

s, 
19

17
A

Ph
yt

o p
ha

go
us

 
As

ia
-

Te
m

pe
ra

te
19

85
, F

R
BE

, F
R

, G
B,

 
N

L
I, 

X
11

, X
22

, 
X

23
, X

24
, X

25
Ba

m
bu

sa
ce

ae
Au

ge
r a

nd
 M

ig
eo

n 
(2

00
7)

, 
Bo

lla
nd

 e
t a

l. 
(1

99
8)

, O
sto

ja
-

St
ar

ze
w

sk
i (

20
00

), 
W

itt
er

s e
t 

al
. (

20
03

)
Te

tra
ny

ch
us

  ca
na

de
ns

is 
(M

cG
re

go
r, 

19
50

)
A

Ph
yt

o p
ha

go
us

 
N

or
th

 
Am

er
ic

a
19

54
, H

U
H

U
, P

L
I2

Po
ly

ph
ag

ou
s: 

Ro
sa

ce
ae

, 
C

ar
ya

, C
or

ylu
s

Bo
cz

ek
 a

nd
 K

ro
pc

zy
ns

ka
 

(1
96

4)
, H

et
en

yi
 (1

95
4)

  Te
tra

ny
ch

us
 ev

an
si 

 
Ba

ke
r &

 P
rit

ch
ar

d,
 

19
60

A
Ph

yt
o p

ha
go

us
 

C
 &

 S
 

Am
er

ic
a

19
91

, P
T

ES
, E

S-
BA

L,
 

ES
-C

AN
, F

R
, 

IT
, P

T,
 P

T-
M

AD
, P

T

I, 
J1

00
, X

So
la

na
ce

ae
C

as
ta

gn
ol

i e
t a

l. 
(2

00
6)

, 
Fe

rr
ag

ut
 a

nd
 E

sc
ud

er
o 

(1
99

9)
, 

Fe
rr

ag
ut

 e
t a

l. 
(1

99
7)

, F
er

re
ira

 
an

d 
C

ar
m

on
a 

(1
99

5)
, M

ig
eo

n 
(2

00
5)

, M
ig

eo
n 

(2
00

7)
Te

tra
ny

ch
us

  k
an

za
w

ai
 

K
ish

id
a,

 1
92

7
A

Ph
yt

o p
ha

go
us

 
As

ia
-T

ro
pi

ca
l

19
66

, G
R

BE
, G

R
J1

00
Sa

xi
fra

ga
 ce

ae
: 

H
yd

ra
ng

ea
H

an
ce

 e
t a

l. 
19

98
, 

H
at

zin
ik

ol
is 

(1
96

8)
, 

H
at

zin
ik

ol
is 

(1
98

6)
Te

tra
ny

ch
us

  m
ac

fa
rla

ne
i 

Ba
ke

r &
 P

rit
ch

ar
d,

 
19

60

A
Ph

yt
o p

ha
go

us
 

As
ia

-T
ro

pi
ca

l
19

89
, E

S-
C

AN
ES

, E
S-

C
AN

I
M

us
a,

 
Ip

om
oe

a,
 e

tc
Pa

nd
e 

et
 a

l. 
(1

98
9)

Te
tra

ny
ch

us
  m

cd
an

iel
i 

M
cG

re
go

r, 
19

31
A

Ph
yt

o p
ha

go
us

 
N

or
th

 
Am

er
ic

a
19

81
, F

R
FR

I
Vi

tis
, A

ce
r, 

Lo
ni

ce
ra

, 
Fr

ag
ar

ia
, 

U
lm

us
, e

tc
.

R
am

bi
er

 (1
98

2)

Te
tra

ny
ch

us
 

ne
oc

al
ed

on
icu

s  
An

dr
é,

 
19

33

A
Ph

yt
o p

ha
go

us
 

Tr
op

ic
al

19
89

, E
S-

C
AN

ES
-C

AN
I

Po
ly

ph
ag

ou
s: 

C
itr

us
, 

Fa
ba

ce
ae

Fe
rr

ag
ut

 a
nd

 S
an

to
nj

a 
(1

98
9)

Te
tra

ny
ch

us
   si

nh
ai

 
Ba

ke
r, 

19
62

A
Ph

yt
o p

ha
go

us
 

N
or

th
 

Am
er

ic
a

19
64

, P
L

PL
I

H
eli

an
th

us
, 

Ag
ro

py
ro

n,
 

Pr
un

us

Bo
cz

ek
 (1

96
4)

 

Te
tra

ny
ch

us
   tu

m
id

ell
us

 
Pr

itc
ha

rd
 &

 B
ak

er
, 

19
55

A
Ph

yt
o p

ha
go

us
 

N
or

th
 

Am
er

ic
a

19
86

, G
R

G
R

I
Sa

m
bu

cu
s, 

Pa
ssi

fl o
ra

, 
So

la
nu

m

H
at

zin
ik

ol
is 

(1
98

6)



Maria Navajas et al. /  BioRisk 4(1): 149–192 (2010)190

F
am

il
y 

Sp
ec

ies
St

at
u

s
R

eg
im

e
N

at
iv

e 
ra

n
ge

1
st

 r
ec

o
rd

 
in

 E
u

ro
p

e
In

va
d

ed
 

co
u

n
tr

ie
s

H
ab

it
at

H
o

st
s

R
ef

er
en

ce
s

Te
tra

ny
ch

us
   yu

sti
 

M
cG

re
go

r, 
19

55
A

Ph
yt

o p
ha

go
us

 
C

 &
 S

 
Am

er
ic

a
19

81
, G

R
G

R
, G

R
-C

R
E

I2
, X

Pl
um

er
ia

, 
Lo

ni
ce

ra
, 

ex
ot

ic
 

Fa
ba

ce
ae

 

H
at

zin
ik

ol
is 

(1
98

6)

V
ar

ro
id

ae

  Va
rr

oa
 d

est
ru

cto
r 

An
de

rs
on

 &
 T

ru
em

an
, 

20
00

A
pa

ra
sit

ic
/p

re
da

to
r

As
ia

19
64

 R
S

AL
, B

G
, C

Z
, 

D
E,

 D
K

, E
E,

 
ES

, F
I, 

FR
, 

G
B,

 G
R

, H
U

, 
IE

, I
T,

 IT
-

SA
R

, I
T-

SI
C

, 
M

T,
 P

L,
 P

T,
 

RO
, R

S,
 R

U
, 

SI
, S

K

J
be

e 
pa

ra
sit

e
C

ol
in

 (1
98

2)
, D

e 
Ry

ck
e 

et
 a

l. 
(2

00
2)

, G
riffi

  t
hs

 a
nd

 B
ow

m
an

 
(1

98
1)

, M
or

se
 a

nd
 G

on
ca

lv
es

 
(1

97
9)

, R
ut

tn
er

 (1
98

3)
, 

Ru
ttn

er
 a

nd
 M

ar
x 

(1
98

4)



Mites and ticks (Acari). Chapter 7.4: 191

F
am

il
y

Sp
ec

ie
s

R
eg

im
e

N
at

iv
e 

ra
n

ge
1

st
 r

ec
o

rd
 

in
 E

u
ro

p
e

In
va

d
ed

 c
o

u
n

tr
ie

s
H

ab
it

at
*

H
o

st
s

R
ef

er
en

ce
s

A
rg

as
id

ae

Ar
ga

s r
efl 

ex
us

 
(F

ab
ric

iu
s, 

17
94

)
pa

ra
sit

ic
/ 

pr
ed

at
or

Eu
ro

pe
19

th
 , 

D
E

AT
, B

E,
 B

G
, C

H
, 

C
Z

, D
E,

 D
K

, E
S,

 
FR

, G
B,

 G
R

, I
T,

 
PL

, R
O

, R
U

, U
A

J
R

at
D

au
te

l a
nd

 K
ah

l (
19

99
)

E
ri

o
p

h
yi

d
ae

Ac
er

ia
  a

lp
est

ris
 

(N
al

ep
a,

18
92

)
Ph

yt
op

ha
go

us
 

Al
ps

19
52

, C
Z

 
AT

, C
Z

, I
T,

 R
S

F2
Ro

do
de

nd
ro

n 
fer

ru
gi

ne
um

Pe
ta

no
vi

ć 
an

d 
St

an
ko

vi
ć 

(1
99

9)

Ac
er

ia
  lo

ew
i 

(N
al

ep
a,

 1
89

0)
Ph

yt
op

ha
go

us
 

M
ed

ite
rr

an
ea

n 
Ea

st
19

01
, R

O
 A

T,
 B

G
, C

Z
, C

Y,
 

D
E,

 F
R

, H
U

, I
T,

 
LT

, L
V,

 P
L,

G
B

I2
, X

11
 

Sy
rin

ga
Fa

un
a 

Eu
ro

pa
ea

 (2
00

9)

Ac
ul

us
  h

ip
po

ca
sta

ni
 

(F
oc

ke
u,

 1
89

0)
Ph

yt
op

ha
go

us
 

M
ed

ite
rr

an
ea

n 
Ea

st
19

07
, C

Z
BG

, C
Z

, I
T,

 R
O

, 
FR

G
1,

G
4,

 
X

11
Ae

scu
lu

s 
Fa

un
a 

Ita
lia

Er
io

ph
ye

s  c
an

est
rin

ii 
(N

al
ep

a,
 1

89
1)

Ph
yt

op
ha

go
us

 
M

ed
ite

rr
an

ea
n 

re
gi

on
19

98
, R

S
AT

, B
G

, C
Z

, D
E,

 
H

U
, I

S,
 P

L
X

 1
1,

 X
24

Bu
xu

s 
sem

pe
rv

ire
ns

Pe
ta

no
vi

ć 
(1

99
8)

G
ly

cy
p

h
ag

id
ae

  G
lyc

yp
ha

gu
s d

om
est

icu
s 

(D
e 

G
ee

r, 
17

78
)

de
tr

iv
or

ou
s

Eu
ro

pe
U

nk
no

w
n

D
K

, F
Ö

, I
T,

 N
O

, 
PL

, S
E

J1
, J

2
H

ou
es

 d
us

t
Bi

gl
io

cc
hi

 a
nd

 M
ar

ol
i (

19
95

), 
H

ug
he

s 
(1

97
6)

, M
us

ke
n 

et
 a

l. 
(2

00
0)

, P
io

tro
w

sk
i 

(1
99

0)
, R

az
ow

sk
i (

19
97

), 
Th 

in
d 

an
d 

C
la

rk
e 

(2
00

1)
Ix

o
d

id
ae

H
ya

lo
m

m
a 

 scu
pe

ns
e 

D
el

py
 1

94
6

pa
ra

sit
ic

/
pr

ed
at

or
Eu

ro
pe

U
nk

no
w

n
AL

, B
G

, E
S,

 E
S-

C
AN

, F
R

, G
R

, 
H

R
, I

T,
 IT

-S
AR

, 
IT

-S
IC

, M
K

, R
U

, 
R

S,
 Y

U

J
C

at
tle

M
or

el
 e

t a
l. 

(1
97

7)

Ta
bl

e 
7.

4.
2.

 L
ist

 a
nd

 c
ha

ra
ct

er
ist

ic
s o

f t
he

 m
ite

 sp
ec

ie
s a

lie
n 

in
 E

ur
op

e.
 C

ou
nt

ry
 c

od
es

 a
bb

re
vi

at
io

ns
 re

fe
r t

o 
IS

O
 3

16
6 

(s
ee

 A
pp

en
di

x 
I)

. H
ab

ita
t a

bb
re

vi
at

io
ns

 
re

fe
r t

o 
EU

N
IS

 (s
ee

 A
pp

en
di

x 
II

).



Maria Navajas et al. /  BioRisk 4(1): 149–192 (2010)192

F
am

il
y

Sp
ec

ie
s

R
eg

im
e

N
at

iv
e 

ra
n

ge
1

st
 r

ec
o

rd
 

in
 E

u
ro

p
e

In
va

d
ed

 c
o

u
n

tr
ie

s
H

ab
it

at
*

H
o

st
s

R
ef

er
en

ce
s

Rh
ip

ice
ph

al
us

  sa
ng

ui
ne

us
 

(L
at

re
ill

e 
18

06
)

pa
ra

sit
ic

/
pr

ed
at

or
M

ed
ite

rr
an

ea
n 

re
gi

on
U

nk
no

w
n

BE
, C

H
, C

Z
, D

E,
 

D
K

, G
B,

 IE
, N

L,
 

N
O

, P
L

J
D

og
s

Č
er

ný
 (1

98
5)

, F
au

na
 E

ur
op

ae
a 

(2
00

9)
, 

G
ar

be
n 

et
 a

l. 
(1

98
0)

, S
ib

om
an

a 
et

 a
l. 

(1
98

6)
P

h
yt

o
p

ti
d

ae

  Tr
ise

ta
cu

s l
ar

ici
s 

\(
Tu

be
uf

 1
89

7)
Ph

yt
op

ha
go

us
Al

ps
19

12
BA

,D
E,

 G
B,

 H
R

, 
SI

I2
La

rix
Fa

un
a 

Eu
ro

pa
ea

 (2
00

9)

P
h

yt
o

se
ii

d
ae

Am
bl

ys
eiu

s (
Ip

he
siu

s) 
 de

ge
ne

ra
ns

 
(B

er
le

se
 1

88
9)

pa
ra

sit
ic

/
pr

ed
at

or
M

ed
ite

rr
an

ea
n

19
93

, C
Z

C
Z

, G
B,

 G
R

, 
IT

,P
T

I
Pr

ed
at

or
 o

f 
Te

tra
ny

ch
us

Al
ba

je
s e

t a
l. 

(1
99

9)
, B

ar
tle

tt 
(1

99
2)

, 
EP

PO
 (2

00
2)

, Š
ef

ro
vá

 a
nd

 L
aš

tů
vk

a 
(2

00
5)

, S
en

go
nc

a 
et

 a
l. 

(2
00

4)
, v

an
 

H
ou

te
n 

an
d 

va
n 

St
ra

tu
m

 (1
99

3)
, v

an
 

H
ou

te
n 

an
d 

va
n 

St
ra

tu
m

 (1
99

5)
 



Longhorn beetles (Coleoptera, Cerambycidae). Chapter 8.1 193

Longhorn beetles 
(Coleoptera, Cerambycidae)

Chapter 8.1

Christian Cocquempot1, Åke Lindelöw2

1 INRA UMR Centre de Biologie et de Gestion des Populations, CBGP, (INRA/IRD/CIRAD/Montpellier 
SupAgro), Campus international de Baillarguet, CS 30016, 34988 Montférrier-sur-Lez, France 2 Swedish 
university of agricultural sciences, Department of ecology. P.O. Box 7044, S-750 07 Uppsala, Sweden

Corresponding authors: Christian Cocquempot (cocquemp@supagro.inra.fr), Åke Lindelöw (Ake.Linde-
low@ekol.slu.se)

Academic editor: David Roy    |   Received 28 December 2009    |   Accepted 21 May 2010    |    Published 6 July 2010

Citation: Cocquempot C, Lindelöw Å (2010) Longhorn beetles (Coleoptera, Cerambycidae). Chapter 8.1. In: Roques A 
et al. (Eds) Alien terrestrial arthropods of Europe. BioRisk 4(1): 193–218. doi: 10.3897/biorisk.4.56

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. Th e 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
Cerambycidae, Europe, Introductions, Establishments, Biogeographical origins,  Pathways, Impacts

8.1.1 Introduction

Th e coleopteran family Cerambycidae (longhorn beetles) is currently classifi ed in the 
superfamily Chrysomeloidea, along with the families Vesperidae and Distenidae (Hunt 
et al. 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. 
Th ey are mainly xylophagous borers of living, decaying or dead wood. Some species 
also bore small twigs, roots or fruit endocarps. Th ey 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. Th ey are thus very susceptible to transport with wood 
products, facilitating their introduction and establishment.

Th e 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 fi rst 
described by Linnaeus from both Europe and ‘America septentrionali’ (von Linnaeus 
1758). Since a study by Duff y in 1953 (Duff y 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 
et al. 2010). Th ere is an urgent need for a comprehensive literature review of the alien 
cerambycids that have successfully established in Europe.

Th e 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 18th cen-
tury (Cocquempot 2007) but most of them never established. We have identifi ed 19 
species alien to 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, Özdikmen 2008, Sýkorová 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.

Th e 19 alien species established in Europe belong to only 3 of these subfamilies, 
Cerambycinae, Laminae and Prioninae (Table 8.1.1). Th e 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 (Nüssler 1961).
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Two more alien species have been introduced and established in Israel, Batocera 
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 in Europe). Th ese 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. Th e 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. Th us, Cerambycinae and Lamiinae can easily survive 

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 to Europe include cryptogenic species. Th e number over each bar indicates the number of 
species observed per family.
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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.), Duff y 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 (Duff y 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. Th e fi rst species to have moved are those which live 
in dry wood and undergo a long stage of larval development. Th ese 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 eff ort to supply extra furniture and 
increase military material after the 1st 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 2nd 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).

Th e number of interceptions of Cerambycids is still increasing throughout Eu-
rope. However, more eff ective control at borders is like to have reduced establishments 
following interception or introductions. Th e importation of exotic plants also off ers 
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). Th e case of Batocera 
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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). Th e combination of importation of longhorn beetle species with 
their specifi c 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).

Th e 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. Th e 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 diffi  culty in eradicating this species for example. Th ese diffi  culties appear 
much less important for oligophagous species such as Callidiellum  rufi penne (Bahillo 
and Iturrondobeitia-Bilbao 1995, Campadelli and Sama 1988, Plavilstshtikov 1934) 

Figure 8.1.2. Temporal changes in the mean number of new records per year of Cerambycid species 
alien to Europe from 1492 to 2007. Th e number over each bar indicates the absolute number of species 
newly recorded per time period.
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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. Th ere 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). Th e 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 (Duff y 1953a) together with the 
colonial trade routes with African and Asiatic countries, it is surprising that only Tri-
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. Th e fi rst species is well established but restricted to 
Dresden (Germany) (Nüssler 1961). Th e 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 Eucalyptus (Pho-
racantha spp.) have successfully established (Cocquempot and Sama 2004) and only in 
areas newly planted with these fast-growing tree species. Th e large diff erences in spe-
cies composition between the fl oras 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 traffi  c from Asia (especially China) to Europe has 
accounted for the introduction of a number of new species of cerambycids. Striking 
examples are Callidiellum  rufi penne 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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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 fi nal 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, Šefrová and Laštůvka 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. Th e principal pathways 
of arrival have been identifi ed and presented by Frank 2002 and each relates to the 
import of immature stages that subsequently emerge as adults. Th ere 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).

Th e 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 

Figure 8.1.3. Origin of the Cerambycidae species alien to Europe



Christian Cocquempot & Åke Lindelöw /  BioRisk 4(1): 193–218 (2010)200

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. Th e 
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). Th e 
fi nal 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  rufi penne and Bardistus cibarius.

All pathways are still prevalent but they vary in importance. Most recent inter-
ceptions (from the end of the 20th 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 

Figure 8.1.4. Comparative colonization of continental European countries and islands by Cerambycidae 
species alien to Europe. Archipelago: 1 Azores 2 Madeira 3 Canary islands.
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additional species of this genus, which are mainly related to Eucalyptus (Wang 1995), 
are expected to arrive.

Since their fi rst usage, wood packaging and palettes have constituted an impor-
tant introduction pathway. Th e source material spends suffi  cient 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 fi rst- 
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. Th is 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 signifi cant, introduction pathways have also been identifi ed, yet they 
typically only transported one or a few individuals which fail to establish. Th e intro-
duction route is unknown for other species such as Acanthoderes jaspideus (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 (Šefrová and Laštůvka 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 artifi cial 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,   Neoclytus 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 fi rst 
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.

Th e expansion of oligophagous species is inevitably more dependant on the pres-
ence of suitable host plants. Th ose using largely- planted trees can spread more easily. 
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Th us, 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 N. acuminatus and X. stebbingi, there is no measure of their impact on 
trees or any estimation of possible competitive displacement of the native fauna. 
Th e 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. Th e joint introduction 

Figure 8.1.5. Main European habitats colonized by the established alien longhorn beetles. Th e number 
over each bar indicates the absolute number of alien longhorn beetles recorded per habitat. Note that a 
species may have colonized several habitats.
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and establishment of the Citrus longhorn beetle, A. chinensis, and its parasitoid, 
Aprostocetus anoplophorae Delvare, 2004, exemplifi es 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. Th e 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 aff ected 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. Th e Citrus longhorn beetle 
is also considered as an important risk for all Citrus fruit production in the Mediter-
ranean area and its islands.

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

Th e eradication process established for quarantine species aims to limit introduc-
tions although only a few eradications have been offi  cially 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. a Phoracantha   semipunctata b Phoracantha 
recurva c Mimectatina meridiana (Credit: Christian Cocquempot) d   Xylotrechus stebbingi (Credit: Vítěslav 
Maňák) e Bardistes cibarius (Credit: Christian Cocquempot) f Psacothea hilaris g   Parandra brunnea (a, b, 
e, f, 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). Th is illustrates the importance of quarantine spe-
cies lists, which should be preventive and not only curative to be most eff ective.

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 ineff ective eradication effi  cacy.

a b f

e gc

d
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8.1.9 Expected trends

Th e 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 offi  cial institutional controls. Th ese factors make it increasingly diffi  cult for rapid 
eradication after initial arrival. Eff ective monitoring of each point of possible entry is 
unfeasible when the key pathways identifi ed here have diff erent vectors and locations 
of arrival (e.g. airports, harbours, stations, lorry parks), and there are major diff er-
ence in the quality of phytosanitary controls between European countries, particularly 
following the enlargement of the EU. Th e 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. Th e 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 1980’s. 
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. Th us, 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 off er 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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Abstract
We record 201 alien curculionoids established in Europe, of which 72 originate from outside Europe. 
Aliens to Europe belong to fi ve families, but four-fi fths 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. Th e number of new records of alien species increases continu-
ously, with an acceleration during the last decades. Aliens to 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 to Europe. Th e 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. 
Th e majority of alien curculionoids live in human-modifi ed 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.
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8.2.1. Introduction

Th e 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 fi fths of all weevils are in the family Curculionidae. Curculionoids are 
distributed worldwide, everywhere vegetation is found.

Th is 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. Th e 
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.

Th e Macaronesian islands1 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-
fi culties 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 

1 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 diff erences between Macaronesia and Europe.

We consider that 201 alien curculionoids currently live in Europe, of which 72 
species originate outside of Europe (aliens to Europe, Table 8.2.1; 20 presumed alien 
are included) and 129 species originate from other parts of Europe (aliens in Europe, 
Table 8.2.2; 60 presumed alien are included)2. Except where otherwise noted, our dis-
cussion of exotic curculionoids only pertains to alien to Europe.

8.2.2. Taxonomy and biology

Th e 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 classifi cation 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 spe cies 
recorded at this time (Fig. 8.2.1). Th ese alien species belongs to fi ve 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. Th ere is only one alien species 
in Europe,   Araecerus coff eae, 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. Th is family contains large weevils mainly living on woody mo-
nocotyledons. Alien dryophthorids consist of woody monocotyledons borers and seed 
feeders. Th ey 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)). Th is situation could be ex-
plained fi rst by the few woody monocotyledons in Europe-native fl ora in contrast with 
the several woody monocotyledons introduced in Europe for ornamental or agricul-
tural purpose. Th e 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 confi rmed. We have also excluded some possible presumed aliens due to the uncer-
tainty about their distribution.
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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. Th is 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. Th e European species 
are distributed in 16 subfamilies. Th e 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.

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. Th e 
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. Th e number over each bar indicates the total number of species 
observed per family/ subfamily in Europe and in the world, respectively
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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. 
Th e 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). Th e scolytines represent about 10% of world curculionoids 
but almost half of curculionoids alien to Europe. Alien bark beetles represent more 
than 12% of all bark beetle species in Europe. Th e 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. Th e 
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 to Europe (Table 8.2.1), compared with the prevalence of ambrosia beetles in 
these groups in temperate climates generally (below 20%: Kirkendall 1993). Th e 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).

Th e curculionoids alien in Europe are more representatives of Europe-native fauna. 
Scolytines (25% of aliens in 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 in Europe, mostly Otiorhynchus 
and Sitona) are under-represented compared with the European fauna, but less so than 
among aliens to Europe.

8.2.3. Temporal trends

Of the fi ve families considered in this chapter, the fi rst information concerning an 
alien species in Europe was probably the description by Ratzeburg in 1837 of Xyleborus 
pfeilii based on specimens from southern Germany8. Th e curculionid   Pentarthrum 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 19th century.

With the beginning of the 20th century, alien species began to be discovered more 
frequently, though this was limited to sporadic introductions (about 2 species per de-
cade) confi ned 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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species per year (16 new species from 2000 to 2009: Table 8.2.1), and a peak of fi ve 
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 confi rmed 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.

Th e 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. Th is 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 fi rst noticed only many years after arrival, or following subsequent and 
repeated introductions. As prompt communication of new fi ndings is extremely im-
portant for the application of specifi c monitoring and eradication programs, the poor 
quality of these data is a major obstacle to aliens management.

Figure 8.2.2. Temporal trend in establishment of Curculionoidea species alien to Europe from 1492 to 
2010. Presumed alien species are excluded. Th e 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.
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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). Th ese species are not included in further discussion due to uncertainty 
of their status and specially because their arrival modes have probably been diff erent 
from other aliens due to proximity of the source region.

A probable region of origin could be specifi ed for 51 of the 52 curculionoid spe-
cies alien to Europe. Th ere is one species, Sitophilus   zeamais (Dryophthoridae), whose 
region of origin is uncertain (cryptogenic). Cryptogenic species are thus rare in this group 
compared to all alien terrestrial invertebrates (14%: Roques et al. 2009). Sitophilus 
  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 identifi ed (Figure 8.2.3). Th is distribution is rather 
similar to that for all alien terrestrial invertebrates (Roques et al. 2009). Th e main 
diff erences 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.

Th irteen 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. Th is group includes the banana 
root weevil   Cosmopolites sordidus, the coconut weevil Diocalandra  frumenti, the palm 
weevil  Rhynchophorus ferrugineus and the rice weevil  Sitophilus oryzae. Th e introduced 
apionids, Alocentron  curvirostre, Aspidapion   validum and Rhopalapion  longirostre, all 
feed on fl owers and seeds of Alcea rosea and other Malvaceae species (Bolu and Lega-
lov 2008); these all originate from central Asia. Finally, the anthribid   Araecerus coff eae 
originates from India.

Th e 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. Th e native ranges of many species largely extend through the continent 
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(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. Th ey include 
fi ve species of the family Curculionidae and two of Erirhinidae. Many curculionids 
introduced from North America are xylophagous sensu lato7, feeding on several broad-
leaved or coniferous hosts. Th e 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. Th ree woodboring weevils (  Pentarthrum 
huttoni, Euophryum  confi ne and E.  rufum, all from Cossoninae), feeding on decaying 
wood, originate from New Zealand. Th e four other species were unintentionally in-
troduced from Australia. All feed inside plant material (xylophagous or herbiphagous), 
except the Eucalyptus snout beetle,   Gonipterus 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. Th e palm fl ower weevil, Neoderelomus piriformis, probably origi-
nates from North Africa; it feeds on but also pollinates fl owers of palms like Phoenix 
canariensis. Th e scolytines both originate from Canary Islands;   Dactylotrypes longicollis 
breeds in Phoenix canariensis seeds, while Liparthrum  mandibulare is a highly polypha-
gous phloeophage.

Th ree cosmopolitan curculionoid species originate from undetermined areas of the 
tropical and subtropical parts of the world: the tamarind seed borer,   Sitophilus 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.

Figure 8.2.3. Origin of Curculionoidea species alien to Europe. Presumed alien species are excluded.
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Concerning the curculionoids alien in 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). Th ey 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 refl ect diff erences 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 to Europe, with 28 and 26 introduced curculionoid 
species, respectively. Th ese countries are followed by continental Spain (17 spp.), Aus-
tria (15 spp.), and Germany, Switzerland and United Kingdom3 (13 spp.). Th is distri-
bution is similar as that of all alien terrestrial invertebrates (Roques et al. 2009). Th e 
number of aliens per country signifi cantly decreases eastwards (y=12 - 0.29*longi-
tude, R2=0.21, F1,31=8.08, p=0.008), but it is mainly correlated with human variables, 
country population (y=-1.5 + 3.7ln(population), population in million inhabitants, 
R2=0.39, F1,31=19.6, p=1*10-4) and country importation values (y=-32 + 3.5ln(value), 
value 2003–2007 in million USD: Th e World Factbook 2009, R2=0.53, F1,29=32.4, 
p=4*10-6)4. Th e best model integrates importations and latitude (y=-19 + 3.6ln(value) 
- 0.28*latitude, value in million USD, R2=0.60, F2,28=20.6, p=3*10-6), indicating that 
alien establishment is favored by human trade and warm climate. Th e 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. Th ese 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 km2 
in European islands is higher than in continental countries (on average 2.8 vs 0.17 

3 Concerning species alien to 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. Th is is likely 
related to its large size and population.

4 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 to Europe. Archipelagos: 1 the Azores 2 Madeira 3 the Canary Islands.

alien/1000km2, R2=0.10, F1,58=6.56, p=0.013). Aliens density is specially high in Ma-
deira and Malta (23 and 19 alien/1000km2, 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 fi rst 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 diff erent european countries: EPPO 2008).

At the other extreme, the rice weevil  Sitophilus 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. Th eir 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. Th ese include several long-
established species: Xyleborus pfeilii8, 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

Th ere 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). Th e lack of in-
tentional introductions of weevils could be related to their poor potential for biological 
control. One exotic weevil species (Stenopelmus  rufi nasus) has been used successfully 
for biological control of the American water fern Azolla fi licoides in South Africa and 
to a less extent in the British Isles, but its fi rst introduction in Europe was accidental 
(Sheppard et al. 2006, Baars and Caff ery 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  confi ne, E.  rufum,   Pentarthrum huttoni), even these can often survive a few 
days or even weeks of transport. Th e 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 fi rst 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. Th e 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. Th ese feeding habits (plus root boring, which doesn’t exist among aliens 
to Europe) are more frequent among presumed aliens to 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 in Europe, contrary to what is observed 
among other aliens to Europe).

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

Newly arrived phytophages must fi nd suitable hosts. Th e likelihood of success 
is greatly enhanced if the species is not too host specifi c, 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 fi rst introduced to a new area, it faces a varie-



Weevils and Bark Beetles (Coleoptera, Curculionoidea). Chapter 8.2 231

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 
fi nding; 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 
suff er 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, fee ding 
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 fl owers, 
and acts as pollinator in palm trees.

By contrast, of the curculionoids alien in Europe, only 33% are wood borers, 
among which most are phloeophagous (28%). A third (30%) attack roots, especially 
root browsers as Otiorhynchus and Sitona (26%), the remaining (4%) being root borers. 
Herbiphagous (18%), spermatophagous (15%) and leaf/stem 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). Th e importance of natural heathlands is in fact mainly limited to 
specifi c areas, most of the species recorded in these habitats being presumed aliens at-
tacking euphorbias in Macaronesian xerophytic heathlands.
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Th is pattern diff ers 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. Th at could 
be obviously related to the high frequency of xylophagous sensu lato7 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 utili zing 
trees. Eucalyptus plantations are also aff ected 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 aff ected 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 to Europe seem not to have been 
documented at all.

Th eir economic impact is better known, refl ecting the economic importance of 
many of these alien species. A third of the Curculionoidea species alien to 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.

Th e most damaging species are the four attacking stored products. Th e rice weevil 
 Sitophilus oryzae and the maize weevil S.   zeamais are among the main pests of stored 
grains worldwide, destroying signifi cant amounts and incurring high pest management 

Figure 8.2.5. Main European habitats colonized by Curculionoidea species alien to Europe. Th e number 
besides each bar indicates the absolute number of alien curculionoids recorded per habitat. Note that a 
species may have colonized several habitats.
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costs5 (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 coff eae attacks 
grains but mainly less common products such as stored coff ee 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. Th e re-
cently established whitefringed weevil, Naupactus  leucoloma, is also highly polyphagous; 
its soil-inhabiting larvae are a serious pest of many agricultural crops. Th e banana root 
weevil,   Cosmopolites sordidus, and Paradiaphorus  crenatus are important pests of tropical 
cultures (banana and pineapple, respectively). Th eir 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. Th e 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 diff erent ornamental plants and trees, mainly introduced 
tropical or subtropical species. Th e 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-

5 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.

Figure 8.2.6. Examples of alien curculionoids:   Gonipterus scutellatus. Adult damage on Eucalytus sp. 
(Credit: Alain Roques).
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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   Sitophilus linearis on Tamarindus  indica, 
Demyrsus  meleoides on cycadophyts, Scyphophorus  acupunctatus on Agavaceae species, 
Phloeotribus  liminaris on Prunus serotina, Phloeosinus  rudis on Cupressaceae species.

Five species have an impact on forests or related habitats. Th ree attack live exotic 
or native trees. Th e Eucalyptus snout beetle   Gonipterus scutellatus is an important pest 
of Eucalyptus everywhere it has been introduced (see factsheet 14.12). Th is defoliator 
causes severe damage and wood loss, particularly on E. globulus, the major cultivated 
Eucalyptus 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). Th e two other species depreciate wood stock. Gnathotrichus  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 -

Figure 8.2.7. Examples of alien curculionoids:  Rhynchophorus ferrugineus. Female, larvae and damage 
(Credit: Juan Antonio Ávalos, Universidad Politécnica de Valencia).
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cant artefacts or buildings. Finally, as opposed to all previous species, the introduced 
frond-feeding weevil Stenopelmus  rufi nasus has a positive impact due to its hability to 
control the invasive red water fern Azolla fi liculoides.

8.2.8. Conclusion

Th e superfamily Curculionoidea is well represented among alien species now estab-
lished in Europe. Alien weevils show specifi c 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. Th us, 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 lato7 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 diff erent tropical or subtropical areas.

Th e 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-

Figure 8.2.8. Examples of alien curculionoids: Scolytinae. Top left: Gnathotrichus  materiarius: gallery 
in wood (Credit: Louis-Michel Nageleisen). Top right: Cyclorhipidion  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).
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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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8.3.1 Introduction

Th e 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, Lepti-
notarsa  decemlineata, and more recently, the western corn rootworm, Diabrotica   vir-
gifera virgifera, little was known about introductions of alien leaf beetles until Beenen 
(2006) 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). Th us, 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 fl ea 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 diffi  cult to ascertain in such observed range expansions of native species. 
We will essentially consider the species alien to 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). Th us, 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). Th is arrival of alien seed beetles has 
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signifi cantly modifi ed the composition of the total fauna of seed beetles observed 
in Europe, where aliens account for 9.4% at present. Th e pattern is rather diff erent 
for Chrysomelidae. Although this family includes 13 subfamilies in Europe the alien 
entomofauna is only distributed among fi ve of these subfamilies. Large diff erences 
are observed in the contribution of each subfamily without any apparent correlation 
to its numerical importance in the native fauna. Th e recent arrival in France of an 
alien palm hispine beetle, Pistosia dactylifera (Drescher and Martinez 2005), largely 
modifi ed 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 fl ea 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). Th e 
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 diff er 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 

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. Th e number right to the bar indicates the number of species per family.
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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 diff erent 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. Th ese biological 
features make A. obtectus fully capable of completing cycle after cycle on naked seeds in 
storage (Kingsolver 2004). Th e 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 specifi c 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. Th us, 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 2nd half of the 19th century, due to seed beetle species. Th e most 
important being  Acanthoscelides obtectus,   Callosobruchus chinensis and C. maculatus. 
However, these species may have been introduced well before their fi rst 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. Th e 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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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, Gödöllo 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 

Figure 8.3.2. Temporal changes in the mean number of new records per year of seed and leaf beetle spe-
cies alien to Europe from 1800 to 2009. Th e number right to the bar indicates the total number of seed 
and leaf beetle species recorded per time period.
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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 fl ea 
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 diffi  cult to ascertain the exact pathway of introduction for most of the 

Figure 8.3.3. Comparative origin of seed and leaf beetle species alien to Europe
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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.

Th e 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) (Böhme 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 fi rst suspected to have been introduced 
from Vietnam to Germany with white beans (Wendt 1980) but it was later found to 

Figure 8.3.4. Colonization of continental European countries and main European islands by seed and 
leaf beetle species alien to Europe.
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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). Th e 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). 
Th e 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).

Th e means of introduction appears diff erent 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. 
Th e 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). Th e 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 (Döberl 1994b). Similarly, Jolivet (2001) reported the translo-
cation of the Sweet potato fl ea beetle, Chaetocnema confi nis 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 
fl y strongly (Cox 2007) or from Russia (the St Petersburg region) to Finland (Grap-
puto et al. 2005).

Th e 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 fl ea 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 
(Döberl 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 Th ailand (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. Th us, 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 fl ight, as 
it is the case for Leptinotarsa  decemlineata (Grapputo et al. 2005). Another signifi cant 
example is the present northwards expansion of a species alien in Europe,   Chrysolina 
americana. Th is 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 
fl ight capacities, disperses naturally by fl ight.

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. Th is 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 confi ned to greenhouses and warehouses 
only develop on alien hosts of tropical origin, such as    Caryedon serratus associated with 
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groundnuts (Arachis hypogaea L.), tamarind (Tamarindus  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

Th reats due to alien chrysomelid species were fi rst pointed out by Linnaeus in a lecture 
in 1752, referring to his observation of asparagus plants (Asparagus offi  cinalis 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 fl ora 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 aff ect stored pulses of economically-important legumes 
( Acanthoscelides obtectus, A. pallidipennis, Bruchus pisorum, B.  rufi manus,   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 

Figure 8.3 5. Main European habitats colonized by the established alien species of Chrysomelidae and 
Bruchidae. Th e number over each bar indicates the absolute number of alien species recorded per habitat. 
Note that a species may have colonized several habitats.
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food reserves are exhausted. In leaf beetles, large economic impacts have been shown for 
the Colorado potato beetle, L.  decemlineata, aff ecting potato crops (see factsheet 14.10) 
and the western corn rootworm, D.   virgifera virgifera aff ecting 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, 
little is yet known in this fi eld (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 fi rst found in Great Britain feeding in fl owers of several plant species in 
garden centers (Johnson and Booth 2004). Later it was observed in Switzerland (F. 
Köhler, personal communication), Germany (Döberl and Sprick 2009) and the Neth-
erlands (Beenen et al. 2009), and also in garden centers, especially on rose fl owers 
(Figure 8.3.6). Other alien specimens of Luperomorpha observed in Italy (Conti and 
Raspi 2007) and France (Doguet 2008) were fi rst identifi ed as L. nigripennis, from In-
dia and Nepal, but fi nally identifi ed as L.   xanthodera (Döberl 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 in Europe. Th e risks associated to this pathway were esti-
mated for Norway (Staverløkk and Saethre 2007).

Species originating from subtropical and tropical regions have also been translocated 
such as Aspidimorpha nigropunctata (Klug) from tropical Africa to Th e Netherlands and 
Macrima pallida (Laboissière) from the Himalayan region to Cyprus. Th ese 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. Th e 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 fl ea 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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sima (Gestro), already invasive in other parts of the world (Nakamura et al. 2006), is thus 
probable, considering the current increase in alien pests related to palms (see Chapter X).

Finally, it is diffi  cult to make serious predictions about the results of future transloca-
tions because the species may react diff erently 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 eff ects 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 fl ight capacity (development 
of fl ight ability and morphological changes) within only fi ve generations (Kovalev 2004).
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Abstract
Th e majority of Coccinellidae are benefi cial 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. Th e 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). 
Th e 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. Th e 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

Th e 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 
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insects. Th e 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). Th e discrepancy in species 
number from these diff erent 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 diffi  culty 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 
fi rst British record of Cynegetis impunctata (Th omas et al. 2009). Th ere 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. Th e 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 to Europe (and not the three alien species in 
Europe) will be considered.

Th e majority of coccinellid species (about 90 %) are benefi cial 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). Th is has been a major factor in the movement of coccinellids 
between countries worldwide.

8.4.2 Taxonomy of the coccinellid species alien to Europe

Th e 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 (Fürsch 1990, Kovář 1996). 
European species are mainly represented by three subfamilies: Scyminae, Chilocorinae 
and Coccinellinae. Th ere 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 to Europe are quite evenly represented between fi ve of the six sub-
families. Th ree species are observed in the subfamily Coccidulinae (two Coccidulini 
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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). Th ere 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. Th e 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. Th ere 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 specifi c or more general diets such as mandibular dentition, 
gut length and structure, and morphological features that aff ect 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: fi ve 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 (Kovář 1996). In Europe, the diagnostic features of the family Coccinellidae can 
be considered in more simple terms (Majerus 2004). Th ey are small to medium sized 
beetles (1.3–10 mm in length). Th ere body shape is oval, oblong oval or hemispherical 
(upper surface convex and lower surface fl at). Th ey have large, compound eyes. Th e 
antennae are often 11-segmented but this fi gure varies and can be as low as seven. Th e 
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. Th e head can be partly 
withdrawn under the pronotum. Th e pronotum is broader than long and has anterior 
extensions at the margin. Th e legs are short and can be retracted into depressions under 
the body. Th e 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. Th e abdomen has 
ten segments (Kovář 1996, Majerus et al. 2006a).
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8.4.3 Temporal trends of introduction in Europe of alien coccinellids

Th e fi rst 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. Th is 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 specifi c 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 eff ects on the distribution of coc-
cinellids and the level of endemism is further controlled by ecological factors including 
temperature, food and natural enemies.

Th e 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 Cryptolaemus 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).

Th e 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 I. 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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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

Th e 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’s.

8.4.6 Use of alien coccinellids for biological control in Europe

Th e ecosystem service that predatory coccinellids provide in consuming pest insects 
has been recognised for over a century. Th e vedalia ladybird, R.  cardinalis, is consid-
ered to have initiated modern biological pest control. It was released as a classical bio-

Figure 8.4.1. Temporal trends in the mean number of new records per year of coccinellid species alien to 
Europe from 1875 to 2008. Th e number above the bar indicates the total number of alien species newly 
recorded during the considered time period.
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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. Th e 
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. 2006a).

Th e 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). Th is worldwide phenomenon was 
mainly ineff ectual; 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. Th e fi rst coccinellid to be introduced to Europe 
was R.  cardinalis as a predator of I. purchasi in 1888 (Portugal), 1901 (Italy) and 1912 
(Italy and France). Th is 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 

Figure 8.4.2. Origin of the 11 alien coccinellid species established in Europe.
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(1974), Portugal (1984) and Sweden (2001). Th is 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 fi rst 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 
off spring 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). Th is 
species has recently been reported as established in London, Great Britain (Natural 
History Museum, 2008).

Figure 8.4.3. Colonisation of European countries and islands by coccinellids alien to Europe where 
known. Scale = total number of recorded alien coccinellids.
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8.4.6.1 Control of Scale Insects

A number of coccinellid species have been used in historically signifi cant 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

Th e family Aleyrodidae comprises the commonly referred to whitefl ies. Over fi fty 
species of coccinellidae attack eggs and immature stages of whitefl y pests (Obrycki 
and Kring 1998, Yigit et al. 2003). Th ere is interesting variation in the preda-

Figure 8.4.4.  Harlequin ladybeetle (Harmonia  axyridis). Credit: Mark Bond
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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 whitefl y (  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 
(Kutu  k 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 
fi eld (non-indigenous range), indicate a strong correlation between survival in the 
laboratory at 5 ºC and in the fi eld 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 insuffi  cient to 
assume that, on the basis of climate matching, winter would be an eff ective barrier 
to establishment of species originating from warmer climatic zones (van Lenteren et 
al. 2006). Risk assessments should also be suffi  ciently detailed to encompass strain 
specifi c parameters; the release of a non-diapausing strain versus a diapausing strain 
could result in very diff erent 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 

Figure 8.4.5. Adults of Cynegetis impunctata. Credit: Gilles San Martin
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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. Th is practice has been shown to be highly ineff ective because of 
adult dispersal (Dixon 2000, Roy and Majerus, unpubl.). Furthermore, removal of H. 
 convergens is considered to have adverse eff ects 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). Th is 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.

Th e 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).

Figure 8.4.6. Adult of the phytophagous bryony ladybeetle,   Henosepilachna argus. Credit: Mike Maje-
rus. 
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8.4.7 Ecosystems and habitats invaded in Europe by alien Coccinellids

Coccinellid species can be classifi ed 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 specifi c vegetation 
types or certain strata of the habitat. Coupled with this is the requirement for suitable 
food in suffi  cient abundance. Habitat preference varies seasonally as the microclimatic 
characteristics of a habitat change, which in turn infl uences 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 fi rst 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 diffi  cult to predict the behaviour of coccinellids, particularly in a 
period of climate change.

Th ere 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 I1, I2, 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.

Th e abundance of native and alien coccinellid species in urban habitats and their 
tendency to aggregate in large numbers during autumn and winter enhances their 

Figure 8.4.7. Larva of   Henosepilachna argus. Credit: Gilles San Martin
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visibility to people. Th is 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

Th e 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). Th e 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). Th is species has been introduced into 33 countries to control I. 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). Th erefore, R.  cardinalis and 
C. montrouzieri have contributed economic benefi ts 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).

Th e 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 eff ect in non-
targets and only 3–5 % may have caused smaller scale eff ects (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 
eff ectiveness of an introduced natural enemy (Dactylopius opuntiae) for weed control 
(Goeden and Louda 1976). Th e 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 off ering eff ective 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). Th e spread and increase of H.  axyridis throughout Europe could, therefore, 
prove to be benefi cial to ecosystem services through the reduction in aphid numbers below 
economically damaging levels and subsequent reduction in the use of chemical pesticides.

Th e polyphagous nature of H.  axyridis means that negative impacts on non-target 
prey species would appear to be inevitable (Majerus 2006, Pell et al. 2008). However, 
there is very limited empirical evidence on this subject and studies considering the 
eff ects 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 butterfl ies, 
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 aff ected 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).

Th e wide dietary range of H.  axyridis coupled with its ability to disperse rapidly, 
forage widely and continuously breed gives this species the potential to signifi cantly 
reduce European populations of coccids and aphids. Th is is, of course, considered ben-
efi cial 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 
benefi cial predators and parasitoids of aphids and coccids (Majerus 2006).

Majerus et al. (2008) noted that the negative eff ects 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, effi  cient chemical defence and relatively large 
size would provide H.  axyridis with a signifi cant reproductive advantage over many 
native British species. Th e 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 diffi  cult to estimate the proportion of alien coccinellids in Europe for 
two reasons: there is not a defi nitive 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
Species

Regime Native 
range

Invaded 
countries

Habitat* Hosts References

Scymninae

Scymnus 
impexus 
Mulsant, 1850*

Parasitic/ 
Predator

West 
Palearctic

GB, SE G, I2 Dreyfusia 
piceae on 
spruce and fi r

Humble (1994), 
Majka and 
McCorquodale (2006)

Epilachninae

  Henosepilachna 
argus (Geoff roy, 
1762)*

Phyto-
phagous

West 
Palearctic

GB E5, I2, 
FA

White bryony 
(Bryonia 
dioica)

Hill et al. (2005)

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 Fürsch (1990), Koch et al. (2006). Last update 01/03/2010.

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
(blank if not released)

Year of fi rst record in the wild

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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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. Th is 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). Th ese alien species belong to 41 diff erent 
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 diffi  cult to ascertain, particularly where the original range is poorly 
known. Th us, the analyses detailed below will mostly consider the species alien to Europe.

8.5.2 Diversity of alien coleopteran species

Th e 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 (fi gure 8.5.1). Th ese three fami-
lies constitute an important component of the European ground fauna (Dajoz 2002). 
Conversely, the families with the most aliens in Europe and signifi cant 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). Th e following presentation of families follows the taxonomic classifi -
cation of Fauna Europaea (Fauna Europaea Web Service) and of the Tree of Life Web 
Project (Maddison et al. 2007) (for Ptilodactylidae, not included in Fauna Europaea).

ADEPHAGA

Th e Carabidae, are widespread and known to colonize a great diversity of ecological 
niches (Denux et al. 2007, Holland 2002). Th ey are typically predators (as larvae and 
adults), although some groups (e.g. Harpalinae) have evolved toward granivory (feeding 
on seeds). Th ese 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 benefi ted from the global trade in food products to 
become cosmopolitan, being introduced with cargos of groundnuts, rice, broad beans, 
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cocoa, etc. (Jeannel 1942, Weidner et al. 1984). Only one species is established through-
out Europe:  Trechicus nigriceps (recorded in 30 countries). Th is species seems to have 
been imported from the Eastern coast of Africa several centuries ago (Jeannel 1942).

Th e Dytiscidae (predaceous diving beetles) are all aquatic carnivores. Only one 
dytiscid beetle has been reported in our database (DAISIE). Th is 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

Th e 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. Signifi cantly, among 
eight hydrophilids reported as aliens in Europe, seven belong to the Sphaeridiini.

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 to Europe include cryptogenic species. Th e 
number over each bar indicates the number of alien species observed per family.  Left - Species richness 
of the same families in the native European entomofauna. Th e number over each bar indicates the total 
number of species observed per family in Europe.
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Th e 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.

Th e 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. 
Th ese 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. Th eir 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 Europaea Web 
Service), due to the lack of taxonomic expertise. Staphylinidae alien species found in Eu-
rope are essentially predatory (Coiff ait 1972, Paulian 1988) and mainly species associated 
with compost, humus and decomposing matter (Cho 2008, Ødegaard and Tømmerås 
2000, Tronquet 2006), 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

Th e Trogidae (hide beetles) are a small family of beetles related to the scarabs. Th ey 
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.

Th e 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).

Th e 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

Th e 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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Th e 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.

Th e 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). Th e habit of soil-leaf litter dwelling of both the adults and larvae 
facilitates their distribution with potted plants (Mann 2006).

Th e Elateridae (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. 
Th ree species are reported as aliens here, occuring in one country each. Th e life history 
traits of these species remain unknown.

POLYPHAGA BOSTRICHIFORMIA

Th e 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  fl avidus. Some 
species eat stored seeds such as Trogoderma  granarium. Th e 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.

Th e 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. Th ey usually attack dry wood that is less than fi ve 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.

Th e Bostrichidae (horned powder-post beetles) are a small family (37 native spe-
cies in Europe). Th e 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. Th e 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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Th e 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

Th e 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).

Th e 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).Th ey are minute beetles, very convex and able to roll 
into a ball, as for Clambidae.

Th e Silvanidae (silvanid fl at bark beetles) are a small family (34 native species in 
Europe) of fl at beetles, formerly included in the Cucujidae. Th ese 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.

Th e Laemophloeidae (lined fl at bark beetles) are a small family of fl at beetles 
with 23 native species in Europe, which was formerly included in the Cucujidae. Th ey 
are closely related to the Silvanidae, and show the same life history traits. Six species, 
belonging to the genus Cryptolestes, are reported as aliens in Europe. Th ey have estab-
lished successfully in many countries.

Th e Phalacridae (shining fl ower 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).

Th e 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). Th e 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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Th e Languriidae (lizard beetles) are a small family (12 native species in Europe) of 
phytophagous or saprophagous beetles. Th ree alien species are considered here, with a 
rather low dispersal rate. Nevertheless, Cryptophilus  integer and Pharaxonotha  kirschii 
are reported as pests of stored products.

Th e 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.

Th e Cerylonidae (minute bark beetles) are a small family of saproxylic beetles. 
Th ey just appear here because a well-known pest of stored grain,  Murmidius ovalis, is 
now included in this family (formerly Murmidiidae). Th is is a cosmopolitan species 
probably originating from tropical Asia.

Th e 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.

Th e 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.

Th e 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  fi lum or Cartodere nodifer. Th ese 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.

Th e Trogositidae (bark-gnawing beetles) are a small family of saproxylic insects, 
living as saprophages or predators of other insects under the bark of trees. Th e three 
species reported here are predators of cosmopolitan pests of stored products.

Th e 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. Th ese 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 Th anerocleridae, which shows life traits similar to the 
typical Cleridae, with one introduced species, Th aneroclerus  buqueti.

Th e Acanthocnemidae, have only one alien species: Acanthocnemus nigricans 
which is attracted by forest fi res (Schmitz et al. 2002). Th e recent worldwide expansion 
of this species is due to the commercial export of Australian wood (Kreiss et al. 2005).

Th e 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. Typhaea   stercorea is a well-known cryptogenic species, 
whereas Litargus  balteatus is an American species found only recently in Europe

Th e 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. Th is small insect probably originates from Asia 
and has to date been found in 19 European countries.

Th e Mordellidae (tumbling fl ower beetles) are a large family (256 native species in 
Europe) of fl ower-dwelling insects, with endophytic larvae. Only one species, Mordel-
listena  cattleyana, is considered as an alien in Europe. Th is is a neotropical insect whose 
larvae develop inside tissues of ornamental orchids (Costa Lima 1955). Th is behaviour 
may have enabled its importation through the horticultural trade, since it has been 
found in Germany and the Netherlands.

Th e Ripiphoridae, formerly spelled Rhipiphoridae (wedge-shaped beetles), are a 
small family of strange parasitic insects. Th eir 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  Blatta 
orientalis).

Th e Zopheridae (ironclad beetles) were previously included in the Colydiidae. 
Th is is a family of saproxylic, bark-living insects with 125 native species in Europe. Th e 
three species reported as aliens in Europe are probably predators of other saproxylic 
insects. Th ey are established in one country only, or a small number of countries in the 
case of Pycnomerus  inexpectus, a species found in tropical greenhouses.

Th e Tenebrionidae is mainly composed of saprophagous species. Many species are 
xerophiles or thermophiles, 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). Th e ma-
jority of these species are associated with spoiled or wet cereals (Weidner et al. 1984). 
Th ey include very damaging pests, such as species of Tribolium, which enter cracks in wet 
or already damaged seeds, and Alphitobius spp., which feed on mildewed food products.

Th e 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).

Th e Anthicidae (antlike fl ower beetles) are small beetles resembling ground bee-
tles. Four species are considered as aliens, among 310 native species living in Europe. 
Th ese insects typically feed on rotten vegetal material, which has been heated through 
fermentation. Th ese 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  fl oralis, 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 fl ightless 
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 fi rst date of introduction of a new species into a country is 
often diffi  cult 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).

Th e precise date of the fi rst record is available for 201 species (i.e. 73.1% of aliens). 
Th e fi rst 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). Th en comes the trogossitid   Tenebroides mauritanicus in 
1803, and the anobiid   Nicobium castaneum in 1807. Th e endomychid   Holoparamecus 
depressus arrived in 1843 and the anobiid Lasioderma   sericorne in 1848. Th ese detriti-
vores are all associated with stored food products or wood.

We observed an accelerating increase in the number of new records per year (fi g-
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. Th is unex-
pected increase coincides with the industrial revolution of the fi rst 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 (fi gure 8.5.3) (arthropods 
most represented on this continent are Collembola and mites rather than beetles)
(Schulte et al. 2008). Th e 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 pacifi cum 
and A. minimum. Th ese factors explain easily the absence of invasives coming from 
Antarctic.

About 82 aliens have origins currently considered cryptogenic. Th ese are cosmo-
politan species or distributed mainly in on one or more ecozones, with a tendency to 
become cosmopolitan. Th is is particularly the case with the cryptophagid Cryptophagus 
 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.). Th ese families are generally associated with 
stored products, crops, decomposing matter such as compost, and to a lesser extent 
with wood. Th e 16 other families number one or two species of aliens each.
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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. 
Th e mode of introduction is unknown for Carabidae and Hydrophilidae. Th ere are 
also 14 other families having one or two alien species, which are partly associated with 
stored food products and wood.

Th e 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 foodstuff s 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. Th e 25 species of Australian origin 
include Latridiidae (4 spp.), Ptiliidae (4 spp.) and Staphylinidae (3 spp.). Th ese species 
have no economic impact. Th e 12 other families include one or two alien species each, 
among which are species of the stored food products (Ptinus ocellus,  Anthrenus oceani-
cus, Brachypeplus  mauli) or living under the tree bark (Ptinella  cavelli and P.  errabunda).

Th e aliens with a specifi cally tropical origin (Pantropical) are the least presented in 
Europe with 20 species, that is to say 7% of all exotic species to Europe. Th e families 

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. Th e number over each bar indicates the absolute number of species newly 
recorded per time period.
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with the most species are Anobiidae (3 spp.), Bostrichidae (3 spp.) and Tenebrionidae 
(3 spp.). Th e eight other families have only one or two species each. Th ese tropical 
aliens are associated with stored food products and fruits.

During diff erent time slices, the origin of alien species has increasingly diversifi ed 
(fi gure 8.5.4). Th e 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). Th e geographic source 
has also varied temporally although Asia has always been both an important and early 
region of origin. Th is 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 infl uence 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 fi rst period, no new record of an alien from Africa was 
recorded in Europe. Th e 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). Th ese phenomena may coincide with the Great Depression, the result of the 
economic crisis of 1929 (Cosseron and Faverjon 1991, Gravereau and Trauman 2001), 
which aff ected both the level of protectionism on trade routes and the overall volume 
of international economic exchange between Europe and its colonies. Th e 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. Th us in Brazil for exam-
ple, in an attempt to control the market, coff ee was burned in engines (Launay 1999).

Figure 8.5.3. Origin of the Coleoptera species alien to Europe of families other than Cerambycidae, 
Curculionidae sensu lato, Chrysomelidae sensu lato and Coccinelidae
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Th e late arrival of aliens to Europe from North America is remarkable (fi rst record 
in 1935) and probably corresponds to weak exports of foodstuff s 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

Th e majority of European countries have been directly aff ected by alien species (fi g-
ure 8.5.5), but there is a very great mismatch in the number of species present in one 
country versus another.

Th e 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.

Th e countries/islands most aff ected 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).

Figure 8.5.4. Temporal changes in the origin of the Coleoptera species alien to Europe of families other 
than Cerambycidae, Curculionidae sensu lato, Chrysomelidae sensu lato and Coccinelidae
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Th e number of aliens per country is not signifi cantly 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 (Th e 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.

Figure 8.5.5. Comparative colonization of continental European countries and islands by by the Cole-
optera species alien to Europe of families other than Cerambycidae, Curculionidae sensu lato, Chrysomeli-
dae sensu lato and Coccinelidae. Archipelago: 1 Azores 2 Madeira 3 Canary islands.
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Indeed, alien native species in Europe have colonized islands more than other con-
tinental countries. Th e archipelago of Azores is the most aff ected 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 aff ect by alien native to Europe, with 13 species.

8.5.5 Main pathways to Europe

Th e 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. Th e fi rst 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). Th e second species is Ripidius pectinicornis (Ripi-
phoridae), a parasitoid of the german cockroach Blattella  germanica (Falin 2001) which 
was released from culture and is now present in several European countries (Bétis 
1912). Th e third species is the tenebrionid Zophobas morio which has been used for 
bird and especially lizard food (Th omas 1995).

About 98.9% of aliens have been introduced accidently in Europe. Th e exact path-
way of introduction is diffi  cult to establish. Th e introduction vector is unknown for 
123 aliens out of the total of 275. Th eses aliens are essentially detritiphagous, saproxy-
lophagous or predatory species.

Th e fi rst clearly identifi ed means of importation is via stored products and crops 
(approximately 120 aliens, or 40%). Th is 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-
fi ed 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.

Th e 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  Cryptolestes fer-
rugineus, Lasioderma serricorne and   Tribolium castaneum. Th us starch-packings could 
become a new vector of introductions in the future.
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8.5.6 Most invaded ecosystems and habitats

Th e anthropogenic habitats most strongly colonized by coleopteran alien species (fi g-
ure 8.5.6), are buildings (50%), cultivated lands (20%) and forest habitats (10%). Th e 
large proportion of species associated with foodstuff s 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. Th is 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 
(Leppäkoski 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). Th is 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 diffi  cult 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 signifi cant 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.

Th e invasion of most Coleoptera treated here bears a direct relation to human pres-
ence (synanthropic species). Th eir impact is essentially with stored foodstuff s 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  Cryptolestes ferrugineus, C. pusillus, Lasioderma ser-
ricorne,   Oryzaephilus surinamensis, Rhyzopertha  dominica,   Tribolium castaneum, T.  confu-
sum and Trogoderma  granarium. Th e impact of insect pests in a given situation can widely 
fl uctuate 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 eff ect on biodiversity.

Th e situation for agronomic and forest species can be diff erent. Th e buprestid 
Agrilus planipennis, recently recorded in European Russia, is a very good example. Th is 
xylophagous East Asian species is presently causing signifi cant damage to ash trees 
(Fraxinus spp.) in North America (Baranchikov et al. 2008). A. planipennis has killed 
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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. Th is appears to be the case with the Staphylinid Lithocharis ochracea. Th is native 
beetle has declined, supplanted by the alien species L. nigriceps (Ødegaard and Tøm-
merås 2000, Tronquet 2006).

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). Th e 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). Th ree categories are particu-
larly important to highlight for the coleopteran alien species treated here: synantropic 

Figure 8.5.6. Main European habitats colonized by the Coleoptera species alien to Europe of fami-
lies other than Cerambycidae, Curculionidae sensu lato, Chrysomelidae sensu lato and Coccinelidae. Th e 
number over each bar indicates the absolute number of alien coleopterans recorded per habitat. Note that 
a species may have colonized several habitats.
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Figure 8.5.7. Habitus of some Coleoptera species alien to Europe. a  Ernobius mollis b   Tribolium casta-
neum c   Oryzaephilus surinamensis d Alphitobius  diaperinus e   Cryptolestes duplicatus f Dermestes  lardarius 
g   Gnathocerus cornutus h Rhizopertha  dominica i   Necrobia rufi collis j  Trechicus nigriceps k   Lyctus brunneus 
l Gibbium psylloides (Credit: Pierre Zagatti).
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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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9.1.1 Introduction

Th e Heteroptera, or true bugs, is a highly diverse insect taxon with approximately 
42,300 described species worldwide, separated into seven infraorders and 75–89 families 
(Henry 2009, Schuh and Slater 1995). Th eir body size ranges from less than 1 mm to 
10 cm. True bugs feed on many diff erent resources (e.g., haemolymph of insects, blood 
of endotherms,  fungi cytoplasma, phloem-, xylem- or parenchym-sap of mosses, ferns, 
monocotyledons, mostly dicotyledons, algae, the endosperm of seeds, plant pollen). 
Hetero pterans live in virtually all terrestrial and aquatic ecosystems from Antarctic birds’ 
nests to rainforest canopies, from the open surface of the ocean (almost uniquely for 
insects), to torrential and stagnant rivers, from ephemeral rain pools and phytotelmata 
to large lakes, and in aphotic caves and man-made buildings (Schuh and Slater 1995).

Among the characteristic features are the mouthparts, which evolved as sucking 
stylets for the uptake of liquid food and the injection of secretions from the salivary 
gland; restricted diets are commonly observed. Most species are phytophagous, some 
feed exclusively on particular plant species, genera or families, whereas others are poly-
phagous species feeding on dozens to hundreds of diff erent host plants. Some species 
are of considerable economic concern in agriculture or (more rarely) forestry, many 
species are predatory and some are used as biocontrol agents against agricultural pests 
(Schaefer and Panizzi 2000).

Although some hetero pteran species have reduced wings or wing musculature, and 
some are sexually dimorphic in this respect, many species are good fl yers and capable 
of negotiating long distances. Subsequent spread after introduction by humans into a 
new area is commonly observed. Eggs and nymphs are translocated with host plants 
over long distances. Unlike the situation in many other Hemiptera, sexual reproduc-
tion prevails, with only one parthenogenetic species known in the European fauna, and 
depending on the species, one to several generations develop under temperate condi-
tions. Many species deposit their eggs inside the host plant, which eff ectively fosters 
passive translocation and facilitates spread.

9.1.2 Methods

Previously published information on alien Heteroptera species is available for some 
countries, e.g., Germany (Geiter et al. 2002) but see Hoff mann (2003) for a critical 
review, Austria (Essl and Rabitsch 2002), Switzerland (Kenis 2005), Czech Republic 
(Kment 2006b, Šefrová and Laštùvka 2005), and the Azores (Borges et al. 2005). 
Comparison of these lists is hindered by the use of diff erent terminology and criteria 
for selecting species. Th e fi rst attempt at a comprehensive treatment of the alien Het-
eroptera of Europe was published recently Rabitsch (2008) and serves as basis for this 
work, but is supplemented by new data (up to May 2009 including a few works in 
press). Th e reader is referred to Rabitsch (Rabitsch 2008) for a more detailed account 
on the history of introductions for each species.
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Th is present chapter deals with species alien to Europe and species alien in 
Europe, but excludes continental European species alien to European islands. For 
example, Borges et al. (2005) stated that Tingis cardui (Linnaeus, 1758) and Gas-
trodes grossipes (De Geer, 1773), which both feeding on non-native host plants, are 
alien to the Azores. On the contrary, Heiss & Péricart (2007) argued that Aradus 
canariensis Kormilev, 1954 may have been introduced to Mallorca. Th e anthropo-
genic contribution of some recent range changes of continental “European” species 
to Great Britain and to Scandinavia, and hence their alien status, is particularly dif-
fi cult to identify. For example, Ødegaard & Endrestøl (2007) present three hypoth-
eses, not mutually exclusive, for the recent occurrence of Chilacis typhae (Perris, 
1857) in Norway. For the time being, only Deraeocoris  lutescens is here considered 
alien in Sweden and Norway, but the status of additional species needs careful 
re-examination, e.g. Pinalitus atomarius (Meyer -Dür, 1843) in Sweden (Lindskog 
and Viklund 2000), Chilacis typhae and Heterogaster urticae (Fabricius, 1775) in 
Norway (Ødegaard and Endrestøl 2007). Kirby et al. (2001) review several similar 
cases for Great Britain.

9.1.3 Taxonomy of the alien Heteroptera of Europe

Alien Heteroptera are non-uniformly distributed across the seven infraorders. Th ere are 
no alien species in Enicocephalomorpha and Dipsocoromorpha, the basal infraorders 
with 420 and 340 species worldwide, respectively. Th ese predatory, usually tiny and 
fragile species live their secret lives in seclusion of riparian habitats and ground litter. 
No alien Gerromorpha are known in Europe; members of this predatory infraorder 
with more than 2100 species worldwide are commonly known as “Jesus-bugs” due to 
their ability to move on the surface of running and standing waters. Among Nepo-
morpha, the aquatic true bugs, with 2300 species worldwide, and Leptopodomor-
pha, the “shore bugs”, with 380 species worldwide, there is a single alien species in 
each infraorder, Trichocorixa   verticalis and Pentacora   sphacelata, both originally from 
North America, being introduced to the western Mediterranean region. Most alien 
Heteroptera belong to the most species-rich infraorders Cimicomorpha (20,500 spe-
cies worldwide, 37 alien species in/to Europe) and Pentatomomorpha (16,200 species 
worldwide, 9 alien species in/to Europe).

Within Hemiptera, Heteroptera constitute only a small fraction of alien spe-
cies compared to aphids and scales (see chap ters 9.2 and 9.3). At the end of the 
chapter, Table 9.1.1 and 9.1.2 list 48 Heteroptera species considered alien in this 
study of which 16 species are alien to Europe (i.e., species introduced from outside 
Europe), 25 species are alien in Europe (i.e., species introduced from one part of 
Europe to another), and seven cryptogenic species are of unknown origin. Accord-
ing to Aukema & Rieger (1995–2006), there are approximately 2860 Heteroptera 
species (including subspecies) in Europe, which means that 1.7% of the European 
fauna is alien.
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At the family level, Miridae (20 spp.) and Tingidae (8 spp.) prevail, followed by 
Anthocoridae (7 spp.) and Lygaeidae sensu lato (5 spp.) (Figure 9.1.1). Th e systematic 
classifi cation of Lygaeidae is still under discussion. While most heteropterists agree 
that Lygaeidae are paraphyletic (Henry 1997), there is no consensus on how to ar-
range them.

Th e most species-rich family is Miridae, both in the native and the non-native 
faunas. Species of nine families are represented in the alien fauna, which is only 10% 
of the known families worldwide. Genera with more than one alien species are Am-
phiareus (2), Anthocoris (2), Corythucha (2), Deraeocoris (2), Orthotylus (4), Steph-
anitis (4), and Tuponia (5). Whereas all alien species belong to families present in 
Europe, 10 genera (13 genera including the cryptogenics, asterisked here) are alien at 
the genus level (Amphiareus, Belonochilus, *Buchananiella, Corythucha, Halyomorpha, 
*Nesidiocoris, Nezara, Pentacora, Perillus, *Taylorilygus, Trichocorixa, Tropidosteptes, 
Tupiocoris).

Anthocoridae

All Anthocoridae (fl ower bugs or minute pirate bugs) are small insects (< 5  mm 
body size) and most species are predatory, actively searching and hunting for their 
prey, which regularly consist of soft-bodied Sternorrhyncha. About 450 species are 
known at the world level (Henry 2009) of which 75 are considered native in Europe 
(Aukema and Rieger 1995–2006). Th e alien Heteroptera of Europe only include 4 
species alien to Europe and 3 alien in Europe (Figure 9.1.1). Hence several species, 
especially in the genera Anthocoris and Orius, are successfully used commercially in 
biological control programs in greenhouses and sometimes in the wild, e.g., (Lattin 
1999, Schaefer and Panizzi 2000). Apparently, only one species, the western and 
southern European   Orius laevigatus is established outside its natural range in the 
Netherlands (Aukema and Loomans 2005) although these authors do not rule out 
the possibility that this species has shifted northwards due to climate change. Simi-
larly, the true cause of the recent westward spread of the East-Palaearctic Amphiareus 
obscuriceps cannot defi nitely be identifi ed. Although predatory, several anthocorid 
species are specialized to host plants, where they search for prey, e.g., Anthocoris 
 butleri on Buxus and A.  sarothamni on Cytisus. Both host plants are widely used as 
ornamentals and introduction of the Heteroptera with the host plants, as well as a 
range shift from western to eastern Europe, is possible. Th e origin of the pan-tropical 
  Buchananiella continua is unknown. It is known from western Europe and appears 
to have spread both in Great Britain and in continental Europe (Aukema 2007, 
Aukema and Hermes 2009, Kirby 1999). Likewise, the origin of the cosmopolitan 
Amphiareus  constrictus is unclear. It was introduced to the Netherlands (Aukema 
and Hermes 2009) and may further spread in Europe. Th e alien status of Lyctocoris 
 campestris in Europe is debatable.
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Coreidae

Th e leaf-footed or squash bugs is a species-rich family with species of medium to large 
body size. A total of 1900 species have been described throughout the world (Henry 
2009), including 52 in Europe (Aukema and Rieger 1995–2006) but only one alien 
species has so far established on the continent. For several reasons, this single alien spe-
cies,  Leptoglossus occidentalis, is of particular interest. Th e native range is presumed to 
be west of the Rocky Mountains and following its spread in North America since the 
1950s, it was introduced to Europe only in the late 1990s. Th e fi rst date recorded in 
European record was 1999 in northern Italy (Bernardinelli and Zandigiacomo 2001) 
and the species rapidly spread over most of Europe (Dusoulier et al. 2007, Rabitsch 
2008) with no foreseeable stop (Lis et al. 2008). Th is spread is likely to be the result 
of multiple introductions into Europe, and secondary translocations within it. When 
feeding on conifer seeds, fertility of the seeds is reduced, causing an economic impact 
for forestry. Recently, infrared receptive organs were found in L. occidentalis, orienting 
specimens towards conifer cones (Takács et al. 2009). Because individuals aggregate in 
autumn seeking hibernation sites in buildings, this species may also become a nuisance 
to people. Recently, it was found in Japan (Tokyo) (Ishikawa and Kikuhara 2009).

Corixidae

Th e family has about 600 described species in the world (Henry 2009), and 72 in 
Europe (Aukema and Rieger 1995–2006). Th e single aquatic species yet recognized 
as alien to Europe, Trichocorixa   verticalis, is of nearctic origin and was introduced to 

Figure 9.1.1. Taxonomic overview of the alien Heteroptera of Europe at the family level. Species alien 
to Europe include cryptogenics.
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Europe (Portugal) between 1997 and 2003 (Sala and Boix 2005). Its pathway and 
potential impact is not known, but it may well have been introduced as a stowaway 
with mosquitofi sh (Gambusia sp.) and may outcompete native corixids and lead to a 
simplifi cation of the aquatic community (Kment 2006a, Millán et al. 2005, Rodrígu-
ez-Pérez 2009).

Lygaeidae sensu lato

Lygaeidae or seed-bugs are a species-rich group of about 4000 species (Henry 2009) of 
medium body size that include both seed-feeding and predatory species with economic 
impact that is sometimes signifi cant (Schaefer and Panizzi 2000). A total of 363 spe-
cies are native to Europe (Aukema and Rieger 1995–2006) but only two species are 
alien to Europe,   Nysius huttoni from New Zealand, and Belonochilus numenius from 
North America. Both species currently are locally distributed, but have the potential 
to spread over large parts of Europe. Th e former is known from the Netherlands, 
Belgium, northern France and Great Britain, where it occurs in ruderal sites, waste 
grounds and abandoned fi elds (Smit et al. 2007). N. huttoni feeds on several weeds and 
crops and attains pest status in its native area (Sweet 2000). Th e latter has been found 
in Corsica and mainland southern France in the vicinity of a railway station and at a 
university campus (Montpellier) (Matocq 2008) as well as in Catalonia, Spain (Castell-
defels, Barcelona) (Gessé et al. 2009) on or near ornamental sycamore (Platanus sp.). 
Th ese almost simultaneous fi ndings and the fact that its host plant is regularly planted 
in urban parks and gardens, indicates that the species is already much more widely 
distributed and that further spread in Europe is very likely.

Th ree further lygaeid species are here considered alien in Europe. Th e fi rst is   Aroca-
tus longiceps, an eastern Mediterranean species living on sycamore, whose occurrence is 
restricted to urban settings where it sometimes reaches high abundance causing a nui-
sance to people. Due to its variability, heteropterists debate its separation from native 
Arocatus species, considering possible hybridization and post-invasion colour changes 
(Hoff mann 2008). Th e second,   Orsillus depressus, is a Mediterranean species living 
on Cupressaceae. Its adaptation to ornamental Th uja, Chamaecyparis, and Juniperus 
promoted its northward spread. Intraguild competition on native Juniperus-stands is 
likely, but so far not investigated. Lastly, Oxycarenus  lavaterae is a western Mediter-
ranean species living on Malvaceae s.l. with a preference for lime trees (Tilia sp.). Th e 
species builds spectacular large aggregations of millions of individuals, also sometimes 
causing nuisance to people, e.g., at market places in cities or when entering buildings.

Miridae

With more than 10,000 described species (Henry 2009) of which 1036 in Europe 
(Aukema and Rieger 1995–2006), Miridae or plant bugs is the most species-rich family 
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within Heteroptera. Plant bugs include tiny to large, soft-bodied, dull to brightly col-
oured, phytophagous, zoophytophagous and predatory species (Wheeler 2001). Only 
5 species alien to Europe have established whereas 15 species are considered alien in 
Europe (Figure 9.1.1.). Whereas some species are considered serious agricultural pests, 
others are used in biological control programmes. Closterotomus   trivialis and Dicyphus 
 escalerae are examples of Mediterranean species occurring locally in central Europe, 
the latter recently also found in Great Britain (Kirby et al. 2009), being introduced 
with their host plants. Th e same is most likely true for Deraeocoris  lutescens, a west-
ern Palaearctic species introduced to Scandinavia. Another predatory, remarkably fast 
spreading species, is the Mediterranean Deraeocoris  fl avilinea, that presumably has been 
introduced unintentionally along transportation routes.  Tupiocoris rhododendri was de-
scribed from specimens collected in 1971 in Kew Gardens, London, but it originally 
comes from North America. Recently, this predatory species was found in continental 
Europe, and its further spread is to be expected (Aukema 2007, Aukema et al. 2005a). 
One of the most recent members of the European alien Heteroptera fauna is  Tropi-
dosteptes pacifi cus from North America, collected on European ash (Fraxinus excelsior) 
in a natural environment in the Netherlands (Aukema et al. 2009a). Th ree Orthotylus 
species live zoophytophagously on Cytisus and probably were introduced with their 
host plant to central and eastern Europe. Th e mediterranean Orthotylus  caprai was only 
recently observed in central and western Europe on Cupressaceae, and is considered an 
alien species in Europe north of the Alps. Five Tuponia species, living phytophagously 
on Tamarix, were most likely introduced with their ornamental host plants.

Pentatomidae

Pentatomidae or stink bugs are a species-rich and medium to large body-sized hetero-
pteran family with often stout and colourful bodies. About 4700 species have been 
recognized (Henry 2009), including 187 species in Europe (Aukema and Rieger 1995–
2006). Members of one subfamily (Asopinae) are predatory and some are used in bio-
control programmes. Th is is true for Perillus  bioculatus, native to North America and 
used against the Colorado potato beetles Leptinotarsa  decemlineata in several European 
countries (De Clercq 2000). However, successful establishment in the wild apparently 
so far only occurred in Turkey and Greece. Recently, the Brown Marmorated Stink 
Bug Halyomorpha  halys, native to Asia, was introduced to Switzerland (see factsheet 
14.49) (Wermelinger e al. 2008). Th is species lives on ornamentals, vegetables and 
fruit trees where it may become a pest and it is regarded as a nuisance when seeking 
hibernation sites. Th e Southern Green Stink Bug   Nezara viridula, a polyphytophagous 
pest species on several crops, is presumably of African and/or Mediterranean origin. 
  Nezara viridula is a clear case of establishment of populations outside its original dis-
tribution in Germany, Hungary, Great Britain, and northern Switzerland. In addition, 
this species is found regularly in other parts of Europe, and is regularly intercepted by 
plant quarantine (Malumphy and Reid 2007).
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Reduviidae

Reduviidae, the assassin bugs, are a species-rich and morphologically highly diverse 
predatory hetero pteran family including 6900 species in the world (Henry 2009) of 
which 110 occur in Europe (Aukema and Rieger 1995–2006). However, only two 
cryptogenic, pantropical species are included here. Empicoris  rubromaculatus is found 
in southwestern Europe with isolated records in Belgium, Croatia and Greece; the 
latter records may refl ect a recent eastward range shift, but maybe this species was 
previously overlooked in the eastern Mediterranean region.   Ploiaria chilensis is known 
from Macaronesia and Spain, with doubtful records from the central and eastern 
Mediterranean.

Saldidae

Shore bugs or Saldidae are a species-poor (340 species in the world (Henry 2009)), 
medium-sized, predatory family, living in littoral habitats along the edges of running 
and standing waters, marine shoreline and bogs. Whereas the native fauna includes 47 
species (Aukema and Rieger 1995–2006), there is only one species alien to Europe. 
Th is single species, Pentacora   sphacelata, is known since the 1950s from the Iberian 
Peninsula and Sardinia. Th is is a halophilous species living in the tidal-zone and close 
to saline waters.

Tingidae

Lace bugs or Tingidae are a species-rich, small-sized (< 8 mm body size), phytophagous 
family, with characteristic ornate and lacelike hemelytra and pronotum. Most species 
live on or near their host plants with a usually tight preference to particular plant spe-
cies or families. About 2100 species are recognized in the world (Henry 2009) but 
only 171 are native to Europe (Aukema and Rieger 1995–2006). Th us, the alien fauna 
which includes 5 species alien to Europe is proportionally a little more important than 
in Miridae (2.9% of the total fauna vs. 0.5%; Figure 9.1.1). Both Corythucha-species 
were introduced from North America to Italy and live arboreally on their host plants, 
including the oak lace bug C.  arcuata on Quercus (see factsheet 14.51) and the syca-
more lace bug C.  ciliata on Platanus (see factsheet 14.52). Th e former species was in-
troduced a decade ago and only started to spread (Dioli et al. 2007), whereas the latter 
was introduced in the 1960s and nowadays is very widespread across Europe. Stephani-
tis pyrioides and S.   takeyai were introduced from Japan and S. rhododendri from North 
America with ornamental Ericaceae (Rhododendron, Azalea, Pieris). Dictyonota  fuligi-
nosa and   Elasmotropis testacea are both considered alien in parts of Europe where the 
host plants are also alien, although unambiguous evidence on their introduction status 
often is lacking. Th e alien status of Stephanitis oberti in Central Europe is debatable.
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9.1.4 Temporal trends of introduction of alien Heteroptera in Europe

Th e (published) year when fi rst recorded is known for all species (Table 9.1.1 and 
9.1.2; see also Rabitsch (2008) for all country records), although it is evident that 
this need not be identical with the year of introduction. Usually it takes a few years 
for introduced insects to increase in abundance above a certain threshold to establish 
reproducing populations and to get recognized. Th is time-lag is known as a com-
mon characteristic of biological invasions and it can extend over long time periods 
in some organisms, e.g. decades or even centuries in some plants (Kowarik 1995). 
For insects, however, this time-lag usually extends over much shorter periods, but 
several years may still elapse since an alien species is discovered and information is 
communicated.

So me Heteroptera were already introduced in ancient times, such as the notorious 
bed bug Cimex lectularius Linnaeus, 1758 and maybe some others following human 
expansion associated with agricultural land reclamation. Th ose ancient introductions 
were rarely if ever documented and are therefore excluded in this study. However, there 
is no doubt that the rate of introductions has exponentially increased within the 20th 
century and reached unprecedented magnitudes in the 21st century (Figure 9.1.2). 
Since 1990, an approximate arrival rate of seven species per decade has been observed 
(Rabitsch 2008). Currently, Heteroptera alien to and alien in Europe both establish at a 
rate of 0.33 species per year; this means that on average every third year an Heteroptera 
species from outside Europe arrives in Europe. Even within the last eight years, fi ve 
species have been detected: Corythucha  arcuata,  Tropidosteptes pacifi cus and Belonochilus 
numenius from North America (2000, 2007, 2008, respectively),   Nysius huttoni from 
New Zealand (2002) and Halyomorpha  halys from East Asia (2007).

Some species are suspected of having been introduced in the 19th century together 
with ornamental plants, e.g. Anthocoris  butleri on Buxus sempervirens, Anthocoris  saroth-
amni, Orthotylus  adenocarpi, O. concolor, O.   virescens, Dictyonota  fuliginosa on Cytisus 
scoparius, and Macrolophus  glaucescens,   Elasmotropis testacea on Echinops sphaerocepha-
lus. More recently, several Tuponia species were introduced with the increasing use of 
ornamental Tamarix species in public and private gardens.

Th e time of introduction for cryptogenic species into Europe is unclear and may 
well be several centuries before present. Most are pan-tropically distributed, zoopha-
gous species.

9.1.5 Biogeographic patterns of the alien Heteroptera of Europe

9.1.5.1 Origin of alien species

A total of 16 species are alien to Europe, 10 of these from North America, 4 from 
the eastern Palaearctic and East Asia and one each from South America and Oceania. 
Almost all of the 25 species alien in Europe originate in the Mediterranean region and 
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were translocated to central and northern Europe. Seven species are considered cryp-
togenic with unknown origin and cosmopolitan distribution (Figure 9.1.3).

Rabitsch (2008) mentioned the increasing trend of North American species arriv-
ing in Europe (Figure 9.1.4). Th is is corroborated by the most recent introductions 
of  Tropidosteptes pacifi cus in the Netherlands (Aukema et al. 2009a) and Belonochilus 
numenius in Corsica, continental France and Spain (Gessé et al. 2009, Matocq 2008). 
Few species have been introduced from Oceania (New Zealand,   Nysius huttoni, see 
factsheet 14.47) and South America (Fulvius  borgesi). Th e latter species was only re-
cently described as new to science, based on specimens collected in banana plantations 
at low altitudes on the Azores (Chérot et al. 2006). Th e authors argued, based on 
morphological characters, that the species was introduced from South America.   Nezara 
viridula is considered the only alien species of African origin, although some were pre-
viously intercepted during plant health inspections, e.g. the Grain Chinch Bug, Mac-
chiademus diplopterus (Distant, 1903) (Lygaeidae) and Natalicola pallidus (Westwood, 
1837) (Tessaratomidae) at Heathrow Airport, London, on fruits and plants imported 
from South Africa (Malumphy and Reid 2007, 2008). Suitable climate seems to be a 
signifi cant factor for the establishment of Heteroptera alien to Europe since 87% (14 
species) come from temperate climates and only two species were introduced from the 
southern hemisphere.

Figure 9.1.2. Temporal trends in the mean number of new records per year for Heteroptera species alien 
to Europe and alien in Europe from 1492 to 2008. Cryptogenic species are excluded. Th e number above 
the bar indicates the absolute number of species in this time period.
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9.1.5.2 Distribution of alien species in the European countries

Most alien Heteroptera species are known from Central Europe (Czech Republic: 22 spe-
cies, that is 47% of all species, Germany: 20 species) and Western Europe (Netherlands: 
20 species, Great Britain: 17 species) (Figure 9.1.5). One reason for the subordinate 
relevance of South Europe as a recipient for alien Heteroptera lies in the fact that almost 
all species alien in Europe originate in the Mediterranean region and were translocated 
north. Th is is likely a consequence of the increasing north-south exchange of people 
and merchandise (e.g., summer holiday tourism, fruits, vegetables) (Rédei and Torma 
2003). A west-east pattern, however, can be found in suspected previous introductions of 
species living on western European ornamental plants, which were later widely planted 
across Europe. Th is concerns species living on Buxus sempervirens, Cytisus scoparius, and 
Echinops spp. Th ose plants are nowadays widely planted in cemeteries and private gar-
dens and host monophagous Heteroptera species (e.g. Anthocoris  butleri, A.  sarothamni, 
Dictyonota  fuliginosa,   Elasmotropis testacea, Macrolophus  glaucescens and Orthotylus spp.).

Th is northwest-southeast gradient is also demonstrated by a signifi cant negative 
rank correlation of alien species numbers and longitude when the diversity of alien 
hetero pterans is tentatively correlated to environmental and economic variables us-
ing a Spearman rank correlation (ρ= -0.548; P < 0.001; Rabitsch, unpublished data). 
Whereas the number of native Hetero pteran species per country appears to be signifi -
cantly correlated with both the number of native plant species (ρ= 0.887; P < 0.001) 
and the country size (ρ= 0.576; P < 0.001), the number of alien Heteroptera species 
does not (ρ= -0.548 and ρ= 0.093, respectively, n.s.). On the contrary, whereas the 
number of alien Heteroptera is positively correlated with some economic variables 
(GDP per capita, ρ = 0.417; P < 0.01; average trade import 1990–1997, ρ= 0.748; 

Figure 9.1.3. Geographic origin of the alien Heteroptera species of Europe.
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P < 0.001), the number of native species is not (ρ= -0.049, n.s.). Th e distribution 
patterns of alien Hetero pterans also seem to match these of alien plants (ρ= 0.394; 
P<0.05) and alien terrestrial invertebrates (ρ= 0.703; P<0.001); this likely is a fact of 
the overwhelming importance of urbanisation and trade import for the establishment 
of alien terrestrial invertebrate species in Europe (Roques et al. 2008). Th e Netherlands 
must be regarded as an invasion focus for the alien Heteroptera of Europe, with seven 
species having been fi rst recorded in this country (Tables 9.1.1 and 9.1.2). A more 
sophisticated statistical analysis with several explanatory variables and taking into ac-
count area and sample eff ects, autocorrelation, multicollinearity, etc. will be presented 
elsewhere (Rabitsch and Moser, in prep.).

9.1.6 Pathways of introduction of the alien species of Heteroptera

Heteroptera are rarely intercepted (Roques and Auger-Rozenberg 2006) or at least rare-
ly reported, in part due to their ancillary role as pest organisms. Recently, however, a 
number of such cases were published from regular plant health inspections in Great Brit-
ain. For example, Natalicola pallidus (Tessaratomidae) was found on Crassula multicava 
from South Africa (Malumphy and Reid 2008) and one specimen of  Leptoglossus occiden-
talis was found in a timber shipment from the USA (Malumphy et al. 2008) indicating 
multiple introductions of this species into Europe. Ornamental trade and movement as 
stowaways with transport vehicles are the major pathways for alien Heteroptera (Rabitsch 

Figure 9.1.4. Numbers of established alien Heteroptera species of Europe by period of introduction and 
geographic origin. Cryptogenic species are excluded.
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Figure 9.1.5. Numbers of established alien Heteroptera species per European country. Data rely on Ta-
bles 9.1.1 and 9.1.2. Aliens with doubtful status are included. Archipelago: 1 Azores 2 Madeira 3 Canary 
islands.

2008), also confi rmed by the interruption of introductions between 1925 and 1949 (Fig-
ure 9.1.4).

9.1.7 Ecosystems and habitats invaded by alien Heteroptera in Europe

Most alien Heteroptera colonize habitats under strong human infl uence, like agricultural, 
horticultural, and domestic habitats (51%) and parks and gardens (27%) (Figure 9.1.6). 
Some species prefer woodland including plantations of non-native forest trees. It is worth 
mentioning that  Leptoglossus occidentalis has not only spread across Europe, but has also 
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expanded its occupied habitat: fi rst records in most countries are indoors, from cities and 
harbours, but increasingly records in the fi eld are observed at higher elevations. In France, 
L. occidentalis has twice been captured above 1000 m (Dusoulier et al. 2007) and in Aus-
tria (Styria) there is a documented record at 1500 m (Gepp, in litt.) (see factsheet 14.42).

9.1.8 Ecological and economic impact of alien Heteroptera in Europe

Impacts of alien Heteroptera in Europe are poorly investigated (Rabitsch 2008). A 
few species are considered pests in agriculture or forestry, e.g.   Nysius huttoni, and  Lep-
toglossus occidentalis, or on ornamental plants, e.g. Corythucha  ciliata and Stephanitis 
  takeyai, but damage is only locally reported in Europe to date. No data are available 
on any negative ecological impact on native species either due to predation, hybridi-
zation, competition or pathogen-transfer. However, as mentioned by Rabitsch (2008), 
no one has yet looked at such eff ects. It may be worth investigating intraguild compe-
tition within the juniper-feeding guild or the eff ects of Trichocorixa   verticalis in aqua-
tic communities.

9.1.9 Conclusion

It is essential to observe and document range changes of species. Clearly, the number of 
introduced Heteroptera will increase. Climate change and habitat modifi cation will further 
promote establishment of additional species. Some introduced species, currently considered 
as not established, were excluded in this study, but may establish populations in the near 

Figure 9.1.6. Main habitats colonized by alien Heteroptera species in Europe. Th e number above each 
bar indicates the absolute number of alien species recorded per habitat. Note that a species may have co-
lonized several habitats.
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Figure 9.1.7. Adults of some alien Heteroptera species: a   Arocatus longiceps (Credit:  Wolfgang Rabitsch) 
b  Leptoglossus occidentalis feeding on Scots pine (Credit: Alain Roques) c Oxycarenus  lavaterae aggregating 
on trunk (Credit: Wolfgang Rabitsch) d Oxycarenus  lavaterae detail (Credit: Wolfgang Rabitsch) e Stepha-
nitis   takeyai (Credit: Wolfgang Rabitsch) f   Tupiocoris rhododendri (Credit: Ab Baas).

a

e

f

c

d

b



Wolfgang Rabitsch /  BioRisk 4(1): 407–433 (2010)422

future; e.g., Orius fl agellum Linnavuori, 1968 in the Netherlands (Aukema and Hermes 
2009), Xylocoris fl avipes (Reuter, 1875) in several European countries (Péricart 1972, 1996). 
Also, recent range changes of some continental European species need to be carefully re-
considered when new data become available as some of these may deserve alien status; e.g. 
Ødegaard & Endrestøl (2007), see Rabitsch (2008) for additional examples. Taking into 
account the increasing number of Heteroptera species introduced from North America 
and the often observed previous range increase in the native areas, it is recommended for 
Europe to keep an eye on range changes in North America, which may be an early indica-
tor for possible future alien species to Europe. Finally, more research is needed for a better 
understanding of the ecological and economic eff ects of introduced Heteroptera.
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Abstract
Our study aimed at providing a comprehensive list of Aphididae alien to Europe. A total of 98 species 
originating from other continents have established so far in Europe, to which we add 4 cosmopolitan spe-
cies of uncertain origin (cryptogenic). Th e 102 alien species of Aphididae established in Europe belong to 
12 diff erent subfamilies, fi ve of them contributing by more than 5 species to the alien fauna. Most alien 
aphids originate from temperate regions of the world. Th ere was no signifi cant variation in the geographic 
origin of the alien aphids over time. Th e average introduction rate was 0.5 species per year since 1800. 
Th e mean number of newly recorded species per year decreased since 2000 but this pattern may change 
in the following years.

Keywords
alien, Hemiptera, Aphid, Aphididae, Europe

9.2.1. Introduction

About 4700 species of Aphididae have been described worldwide (Remaudière and 
Remaudière 1997). About one third of these species are present in Europe. As for many 
other taxonomic groups, very few checklists of alien Aphididae have been available 
for Europe until recently. In 2002, Geiter et al. (2002) published a list of 131 species 
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considered non-indigenous in Germany and Nobanis (2005) listed 34 species of non-
native Aphididae in its geographic area in 2005. Lampel and Gonseth (2005) listed 
37 species alien to Switzerland in 2005 whilst Rabitsch and Essl (2006) listed 40 alien 
aphid species from Austria in 2006. Th e diff erences in the number of species consid-
ered non-indigenous clearly refl ect diff erences in the composition of the fauna of each 
country, but also refl ect diff erences in the defi nition of ‘alien’. Lampel and Gonseth 
(2005) considered only species of non-European origin whereas Geiter et al. (2002) 
included all species considered non-native to Germany.

Th e goal of this work is to provide a fi rst comprehensive list of Aphididae alien to 
Europe. Aphid species originating from one European country and introduced into 
another, i.e. species alien in Europe such as Diuraphis noxia (Kurdjumov, 1913) and 
Brachycorynella  asparagi (Mordvilko, 1929), will not be considered in this work. Th ese 
species may have an invasive status in the area where they were introduced but it ap-
peared diffi  cult to disentangle human- mediated introductions from natural expansion.

To defi ne the species present in Europe, we used the list of European Aphididae 
elaborated by Nieto Nafria for Fauna Europaea (Nieto Nafria et al. 2007). We com-
piled information about each species from published sources and experts to defi ne 
their origin, i.e. European vs non-European. Among the references consulted, the lists 
cited above and the three comprehensive books by Blackman & Eastop (Blackman and 
Eastop 1994, 2000, 2006) proved to be particularly useful. Once a fi rst list of alien 
aphids had been defi ned, we sought additional information, such as the date of fi rst 
occurrence in Europe. June 2008 was the cut-off  date for our literature survey. All the 
information collected for the 102 species considered is provided in Table 9.2.1.

9.2.2. Taxonomy of alien species

Th e delineation o f the taxa included under the family name Aphididae has varied over 
the last 50 years. Here, we use Aphididae sensu Eastop and Hille Ris Lambers (1976) 
and Remaudière and Remaudière (1997). Th erefore, we did not consider Adelgidae 
and Phylloxeridae in this chapter. Taxonomy and nomenclature are as described by Re-
maudière and Remaudière (1997), Nieto Nafria et al. (1998), Quednau (1999, 2003), 
and Eastop and Blackman (2005). Some of the names cited in published studies could 
not be clearly attributed to a currently valid taxon and were therefore excluded.

A total of 98 species present in Europe but originating from another continent 
have been listed to date, to which we can add four cosmopolitan species of uncertain 
origin (cryptogenic) (Table 9.2.1). For comparison, the European aphid fauna cur-
rently includes 1,373 species (Nieto Nafria et al. 2007), meaning that 7.4 % of the 
European aphid fauna is of alien origin.

Th e 102 alien species of Aphididae established in Europe belong to 12 diff erent 
subfamilies, most of which are already represented among the native entomofauna (Fig-
ure 9.2.1). However, three subfamilies (Greenideinae, Lizerinae and Neophyllaphidi-
nae) were not known in Europe before introductions. Each of these three subfamilies 
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is represented by a single species. Greenidea  fi cicola is a member of the Greenideinae 
subfamily widespread in eastern regions and living on several species of Ficus. It was 
introduced into Italy in 2004 and seems to be widespread in Southern Europe (Italy, 
Spain and Malta) (Barbagallo et al. 2005a, Mifsud 1998). Paoliella  eastopi, a species be-
longing to the Lizerinae described from Kenya, has only been found in one European 
country, England. All Paoliella species are of African origin.  Neophyllaphis podocarpi, 
the only Neophyllaphidinae species known in Europe, originates from Asia and was 
recorded on Podocarpus in Italy in 1990 (Limonta 1990) but appears to have spread. 
Five subfamilies contribute more than fi ve species to the alien fauna (Figure 9.2.1). Th e 
subfamily Aphidinae predominates, accounting for 59% of the alien Aphididae, fol-
lowed by Calaphidinae (16%), Lachninae (5.8%), Eriosomatinae (4.8%) and Chaito-
phorinae (4.8%). Th ese fi ve subfamilies are also the most species-rich in native species. 
Each of the other seven subfamilies accounts for less than 1% of the alien Aphididae 
(Figure 9.2.1). Th e Hormaphidinae is the only subfamily represented by more alien 
than native species (4 species vs 1).

Th e taxonomic composition of the alien entomofauna is highly diverse at genus 
level. Th e 102 alien species belong to 58 diff erent genera (Table 9.2.1). Th irty-two 
(55%) of these genera are represented in Europe by only non-native species and 40 
(69%) contribute only one species to the alien fauna. Th e genus Aphis is the most rep-
resented, with eight species. Th is is not surprising, given that this genus contains more 
than 10% of the world’s Aphididae and is abundant in all biogeographical regions of 
the world. Th is is not the case for another two species-rich genera, the North American 
Illinoia (seven alien species in Europe and 54 species worldwide) and the Asian Tinoc-
allis (six alien species in Europe and 25 species worldwide). Although the genus Cinara 
is the second most species-rich genus in the world, with 222 species worldwide, three 
quarters of which being of non-European origin, surprisingly only three alien species 
from this genus are present in Europe

9.2.3. Temporal trends

Th e date of the fi rst record in Europe is known, with various degrees of precision, for 
94 of the 102 alien aphid species (Table 9.2.1). Th e precise date of arrival is unknown 
for most species because their introduction was unintentional (see below 9.2.5) and 
large delays may occur between the date of introduction and the date of reporting. 
However, in certain cases, introduction is relatively well documented, available data 
suggesting that the date of the fi rst report was close to the date of introduction. Th is 
is the case for recent introductions, such as the species detected and monitored by 
the permanent aerial suction-trap network “Euraphid”. Th is system of aphid fl ight 
surveys, based on a 12.2 m.-high suction trap, was developed by the Rothamsted Ex-
perimental Station in the 1960s (Taylor and Palmer 1972). Th is device is now used in 
several European countries, as part of integrated control networks, and has also proved 
useful for studies of the long-range dispersal of alates and for the regular detection of 
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aphid species new to the national or European fauna (Hullé et al. 1998). In France, 
a network of fi ve such traps spread over the territory has been monitoring the aphid 
species trapped since 1978. Th is system detected four species new to Europe between 
1984 and 1988 (Hullé et al. 1998):   Essigella californica (Turpeau and Remaudière 
1990), Klimaszewskia salviae (Leclant and Remaudière 1986), Myzocallis   walshii (Re-
maudière 1989), and Tinocallis   takachihoensis (Leclant  and Remaudière 1986), and 
has monitored the extension of their geographical range in France. In a very small 
number of cases, more ancient introductions have also been documented, generally for 
important pest species. For example, the occurrence of Eriosoma  lanigerum, a pest of 
apple trees originating from North America, was noted for the fi rst time in a nursery 
in the outskirts of London in 1787 (Balachowsky and Mesnil 1935). Th e species was 
described by Hausmann in 1802, based on material from Germany, where aphids had 
been found in nurseries, causing extensive damage. In 1812, the species was found in 
France, by 1841, it was found in Italy and in 1870 it was reported in Switzerland. E. 
 lanigerum has subsequently spread gradually to all temperate countries of the world 
(Balachowsky and Mesnil 1935, Marchal 1928).

For most alien species, the date of fi rst report sighting may not correspond to the 
date of introduction and secondary expansion. For example, the pest species Myzus 
persicae, Panaphis  juglandis, and Chromaphis  juglandicola were all reported for the 

Figure 9.2.1. Taxonomic overview of the aphid species alien to Europe compared to the native European 
fauna and the world fauna. Subfamilies are presented in a decreasing order based on the number of alien 
species. Species alien to Europe include cryptogenic species. Data about native European aphids from 
Fauna europaea (Nieto Nafria et al. 2007); world data from Remaudière and Remaudière (1997). Th e 
number over each bar indicates the number of species observed per subfamily.
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fi rst time in Europe between 1800 and 1849, but they were probably introduced 
long before along with their host plants. Th e primary host of Myzus persicae, the 
peach tree, grown since classical times in the Mediterranean basin, was imported 
to Europe from Persia, but probably originated from western China, where it has 
been cultivated since 5,000 yr BP (Faust and Timon 1995). Th e host plant of Chro-
maphis juglandidola and Panaphis  juglandis, the walnut, may have been introduced 
to Europe from Persia during the classical era, but this remains a matter of debate 
(Huntley and Birks 1983). Even for more recent introductions, the time lag between 
introduction and the fi rst reported sighting may be considerable, particularly if the 
species concerned is not a pest. Th e date on which a taxonomic group was fi rst 
recorded is therefore more likely to refer to the period during which it was studied 
for the fi rst time. Börner between 1930 and 1952 made the largest single advance 
to studies of the aphid fauna of Europe, with the publication of “Europae Centralis 
Aphid” (Börner 1952). Th is catalysed intensive studies of the aphid fauna in various 
European countries over the following 20 years. Th e increase in the number of intro-
duced species observed between 1950 and 1974 is partly attributable to this increase 
in taxonomic and faunistic activity.

Bearing these biases in mind, and taking the fi rst recorded sighting as a proxy 
for the date of introduction, the mean rate of introduction since 1800 was 0.5 spe-
cies per year. A similar rate has also been reported for a more recent period (0.42 
between 2000 and 2007). Th e number of introductions increased in the second half 
of the 20th century (Figure 9.2.2). Th e mean number of new records increased from 
0.3–0.4 per year before 1950 to more than 1.3 per year between 1950 and 1974. Th e 
mean number of introductions per year has decreased since 2000, but this pattern 
may change again in the future. Th e three most recent alien aphid species introduced 
to Europe are Aphis  illinoisensis, a Nearctic species and a pest of vineyards introduced 
into Crete in 2005 (Tsitsipis et al. 2005), Prociphilus fraxiniifolii, also of Nearctic ori-
gin, introduced into Europe in 2003, (Remaudière and Ripka 2003), and Greenidea 
 fi cicola, a tropical species, probably originating from Asia, introduced into Sicily in 
2004 (Barbagallo et al. 2005a).

9.2.4. Biogeographic patterns

9.2.4.1 Origin of alien species

A precise continent of origin was ascertained for 90.2% (92 species) of the alien 
Aphididae species, whereas 5.9% (six species) of the alien species were known only to 
be native to tropical or subtropical regions and 3.9% (four species) were of unknown 
origin (cryptogenic, Table 9.2.1, Figure 9.2.3).

Th e cryptogenic species include the polyphagous pest species Myzus persicae and 
M. cymbalariae, which have a cosmopolitan distribution. Data concerning their host 
plant relationships and the distribution of other species of the genus Myzus, strongly 
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suggest that these species originate from a continent other than Europe. Many other 
cosmopolitan species are not included in this list because they are thought to be of 
European origin, e.g. Acyrthosiphon pisum, Brevicoryne brassicae, although their origin 
is unclear and it remains possible that they were introduced into Europe by humans a 
long time ago.

Most of the alien aphid species in Europe originate from temperate regions of 
the world. Asia and North America have contributed the largest numbers (each 
43.1%, Figure 9.2.3). Most of the Asian species originated from temperate zones 
(32 species), and only four species (  Cerataphis brasiliensis,  Cerataphis orchidearum, 
Greenidea  fi cicola, and Stomaphis mordvilkoi) are known to have originated from 
tropical Asia. Only four alien species in Europe are of African origin. Two of these 
species come from North Africa (Cinara  laportei and C.  cedri) and two from sub-
Saharan regions (Aloephagus myersi and Paoliella  eastopi). No alien aphid species has 
yet been introduced into Europe from Australasia or South America. Th e propor-
tions of aphids of diff erent geographical origins in the alien aphid fauna of Europe 
have remained fairly constant over time (Figure 9.2.4) and seem to refl ect the spe-
cies diversity of the donor continents. Most of the described aphid species are of 
temperate origin, with Aleyrodidae and Coccoidea appearing to replace aphids in 
the tropics and subtropics (Dixon 1998). With only 219 (Remaudière et al. 1985) 
and 180 (Hales 2005) species, respectively, sub-Saharan Africa and Australia have 
a very poor aphid fauna. By contrast, 1,416 species are found in North America 
(Foottit et al. 2006) and 1,007 species are found in China (Qiao and Zhang 2004). 
Th us, the origins of the alien species in Europe might refl ect regional species di-

Figure 9.2.2. Changes over time in the mean number of fi rst sightings per year of aphid species alien to 
Europe from 1492 to 2007. Th e number to the right of the bar indicates the absolute number of species 
reported for the fi rst time during the corresponding time period.
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versity rather than preferential routes of introduction from North America and 
temperate Asia.

9.2.4.2. Distribution of alien species in Europe

Alien Aphididae species are not evenly distributed within Europe (Figure 9.2.5). Th e 
number of alien species present in a country is signifi cantly and positively correlated 
with the number of native species recorded in that country (r=0.6226, p<0.001). Th is 
may refl ect diff erences in sampling intensity and in the number of local taxonomists. 
Th e number of alien species also seems to be weakly positively correlated with the total 
area covered by each country (r=0.3361, p=0.0182). Similarly, the number of native 
species is strongly correlated with the area of the country (r=0.6803, p<0.001).

Th e top ten countries/regions within Europe with the largest numbers of recorded 
alien aphid species are: Great Britain (64), mainland France (63), mainland Italy (58), 
mainland Spain (56), Sicily (Italy) (45), Germany (44), Switzerland (37), Madeira 
(Portugal) (36), mainland Portugal (31), Czech Republic (29).

Alien aphid species are well distributed across Europe, with 58% present in at 
least fi ve European countries and 38% occurring in more than 10 countries or re-
gions. Th e polyphagous pest species, Myzus persicae,   Macrosiphum euphorbiae and 
  Aphis gossypii are the most widely distributed alien species: they have been recorded 
in 43, 41 and 40 countries or regions, respectively. Only one of the 15 species oc-
curring in more than half of the countries of Europe, Acyrthosiphon  caraganae, is not 
considered to be a pest of crop plants. Th is species, probably originating from the Al-
tai region, is now found in temperate regions throughout the Northern hemisphere, 
where it lives on woody Leguminosae, particularly Caragana and Colutea species. In 

Figure 9.2.3. Geographic origin of the alien species of Aphididae established in Europe.
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most cases, it is not known whether the species expanded naturally after its establish-
ment in a country, or whether the extension of its distribution was driven by repeated 
introductions from abroad.

Th irteen of the 19 species present in only two European countries have discon-
tinuous distributions, probably resulting from independent introductions. Th us, for 
example Ericaphis   wakibae has been found in Great Britain and the Czech Republic, 
Chaitophotus populifolii in Germany and Serbia and Macrosiphum ptericolens in Poland 
and Great Britain. A continuous but restricted area may be accounted for by recent in-
troductions, as for Aphis  illinoisensis Shimer, 1866, a pest of grapevines introduced into 
Greece in 2005 (Tsitsipis et al. 2005). Th is species has extended its range from Crete 
to continental Greece and recently (2007) to the Mediterranean part of Montenegro 
(Petrovic, personal communication).

Eight alien aphid species have each been found in only one European country. 
Four of these species are confi ned to England, two to Italy, one to Swirtzerland and 
one to the Ukraine. Th ese species were all introduced before 2000 and have not spread 
elsewhere since. Th ey may be unable to colonise a wider geographical area in Europe, 
they may have disappeared or they may simply have been overlooked.

9.2.5. Main routes and vectors for introduction into Europe

No cases of intentional introduction of aphids into Europe are known. All alien species 
were therefore introduced accidentally. In a very small number of cases, the pathway 

Figure 9.2.4. Cumulative numbers of alien aphid species established in Europe, by year and by geo-
graphic origin
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and vector are precisely known. For example, two Japanese aphids, Tinocallis   ulmiparv-
ifoliae and T. zelkovae were introduced into Europe in 1973 with their hosts, bonsai 
trees that were imported into Great Britain directly from Japan. Th e infested bonsai 
trees had been in Great Britain for about six months before the aphids were detected, 
and were growing in slatted wood buildings providing no eff ective physical barrier to 
insect dispersal (Prior 1971).

In most cases, it is diffi  cult to identify the vector of accidental introductions; most 
have been inferred from the known biological requirements of the aphid species. Most 
Aphididae have a high level of host-plant specifi city and most alien species are there-
fore thought to have been introduced into Europe with their host plants. For example, 
the Takecallis species included in our list feed on bamboos of Asian origin. Th e Ne-

Figure 9.2.5. Comparative colonization of continental European countries and islands by Aphididae 
species alien to Europe. Archipelago: 1 Azores 2 Madeira 3 Canary islands.
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Figure 9.2.6. Some alien aphids. a Spiraea aphid, Aphis   spiraephaga. (Credit: Olivera Petrović-Obradović) 
b Walnut aphid, Chromaphis  juglandicola. (Credit: Olivera Petrović-Obradović) c Woolly apple aphid, 
Eriosoma  lanigerum. (Credit: Olivera Petrović-Obradović).

arctic aphid Prociphilus  fraxinifolii has recently been detected in Budapest (Hungary) 
(Remaudière and Ripka 2003), but only on the North American red ash tree, Fraxi-
nus pennsylvanica Marsh. Th is aphid has not been found on European ash planted in 
the same area. Two oriental species, Reticulaphis  distylii and Greenidea  fi cicola, live on 
several species of Ficus, all originating from tropical regions. Th ese Ficus species have 
been planted as ornamental trees in the warmest areas of the Mediterranean basin (Bar-
bagallo et al. 2005a). Th ese two species of aphids are found on tropical fi g trees, but 
never on Ficus carica, the only European species of this genus. All these alien species 
are thought to have been introduced into Europe through trade, but the aphid species 
may have been introduced several years after their hosts. Impatientinum  asiaticum is a 
species originating from Central Asia. It was introduced into Europe in 1967, whereas 
its host, Impatiens parvifl ora DC. was introduced into Europe much earlier, in the 19th 
Century, subsequently escaping from botanic gardens to establish itself as a common 
weed. Th e aphid was not introduced at the same time as its host plant in this case be-
cause the host plant is an annual, which was imported in the form of seeds. Th e aphid 
arrived more than 100 years later, probably on an aeroplane (Holman 1971, Tambs-
Lyche and Heie 1973). Another example is provided by Rhopalosiphoninus  latysiphon, 

a

b c
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a pest species particularly damaging to potato. Th is species was not introduced into 
Europe until the end of the 1st World War, long after the introduction of its host plant, 
and was transported with potatoes from the USA. It was subsequently found in Italy 
(1921), the Netherlands (1930), Germany (1943), England (1945), Switzerland and 
Austria (1949) (Remaudière 1952).

Finally, we cannot exclude the possibility that some species originating in areas 
close to Europe may have been transferred into Europe by wind, air streams or 
windstorms. For example, it is diffi  cult to determine whether Cinara  laportei and 
C.  cedri were transferred with their host, the Atlas cedar, which was planted in 
Europe, or whether these species colonised Europe following their introduction via 
wind or air streams.

9.2.6. The ecosystems and habitats most frequently invaded

All aphids are phytophagous and their distribution is limited by the presence of their 
host plants. Aphid species with a limited   spectrum of host plants of exotic origin, not 
present at natural sites, are restricted to artifi cial habitats, such as agricultural land, gre-
enhouses and parks and gardens. For example, Illinoia  liriodendri and  Neophyllaphis 
podocarpi feed on exotic trees (Liriodendron tulipifera L. and Podocarpus spp., respecti-
vely). As a result, these aphids are restricted to parks, gardens and city areas in which 
these trees have been planted in Europe. Similarly, Cinara  cedri and C.  laportei which 
feed specifi cally on Cedrus are restricted to forest areas in which their hosts have been 
planted. Other species restricted to artifi cial habitats include tropical and subtropical 
aphids present only in indoor conditions in Europe. Th ese species were included in the 
list because it is clear that they have become established in Europe. For example, Ce-
rataphis spp., particularly C. lataniae and C. orchidearum have repeatedly been found 
in European greenhouses (Chapin and Germain 2005). Similarly, Sitobion  luteum and 
Pentalonia nigronervosa are considered to have been introduced into hothouses in Eu-
rope (Blackman and Eastop 2000). Another subtropical Cerataphis, C. brasiliensis, has 
recently been found established outdoors in the south of the France (Chapin and Ger-
main 2005, 2004). Some aphid species have a less limited host range   spectrum. Th ey 
can adapt to new hosts when introduced and may disperse in natural habitats.   Cinara 
curvipes, a species recently introduced into Europe, is known to feed on various species 
of Abies in its native area (North America). In Europe, it is found on North American 
Abies species, but also on native Abies species and has recently been reported on many 
other conifers, including Picea, Tsuga, and Pinus (Scheurer and Binazzi 2004). C. cur-
vipes is found in parks, gardens and forests. It could potentially colonise all European 
coniferous forests. Finally, polyphagous aphids, notably Myzus persicae, M.  ascalonicus, 
M. ornatus,   Macrosiphum euphorbiae and Aphis gossypi, have established themselves on 
many native plants in natural habitats.

Most of the alien aphids seem to have become established in the European envi-
ronment and habitats. However, some species, such as Paoliella  eastopi and Macrosi-
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phum ptericolens have been recorded only once or twice, and it remains unclear whe-
ther these species are truly established. Other species, such as Rhopalosiphum parvae 
Hottes & Frison (1931), a North American aphid found in Sicily in 1982 (Barbagal-
lo and Stroyan 1982), or Tuberocephalus higansakurae hainnevilleae Remaudière & So-
rin, 1993, detected in France in 1990 on trees of Prunus subhirtella Miq. var. pendula 
Y.Tanaka imported from Japan (Remaudière and Sorin 1993), have been observed in 
Europe but have since been eradicated. Such species are not included in our list.

9.2.7. Ecological and economic impact

Most of the alien Aphididae are recognised pests, feeding on crops, ornamental plants 
and forest trees in Europe. Other alien Aphididae species may have remained unde-
tected because they feed on plants that are not commercially exploited. As for most 
insects, much more is known about the economic impact of aphids than about their 
ecological impact. Aphids cause direct (sap-feeding, deformation of their hosts) and 
indirect (transmission of plant diseases, deposition of honeydew on the leaves) damage.

Th e economic impact of each species depends on (i) the type and extent of the 
damage caused and (ii) the economic importance of the host. Of the 102 alien aphid 
species in Europe, 52 are recognised pests of agricultural and horticultural crops 
(Blackman and Eastop 2000). Th e polyphagous species Myzus persicae,   Macrosiphum 
euphorbiae and   Aphis gossypii attack a wide range of vegetable crops, both indoors and 
outdoors. Th ey are vectors of many viral diseases and are probably the aphids with the 
greatest economic impact in vegetable crops (Lampel and Gonseth 2005).

European orchards are attacked by several alien aphid species. Apple trees can be 
severely damaged by the North American wolly aphid Eriosoma  lanigerum and the 
Asian species Aphis   spiraecola. Th e recent introduction of Toxoptera  citricidus into the 
Iberian Peninsula (Portugal and Spain) (Ilharco et al. 2005) poses a serious threat to 
Mediterranean citrus fruit production because this aphid is the principal vector of the 
Triteza closterovirus of Citrus. Citrus trees in Europe are also the hosts of Aphis   spirae-
cola and   Toxoptera aurantii, two polyphagous species also capable of transmitting this 
closterovirus, albeit with a lower effi  ciency.

Th e recent introduction and rapid dispersion of Aphis illinoiensis, a grapevine 
aphid, poses a particular threat to viticulture in the Mediterranean area (Remaudière 
et al. 2003, Tsitsipis et al. 2005). Some alien aphids attack agricultural crops, often as 
potential virus vectors. Rhopalosiphum  maidis is known as a pest of maize and other 
grain crops in Europe and transmits the persistent luteovirus “yellow dwarf” virus of 
barley. Th e grass aphid, Hysteroneura   setariae Th omas, 1878, has recently been recorded 
in Spain (Meliá Masiá 1995). Its impact it diffi  cult to predict because it usually lives on 
wild grass species, but it may occasionally infect cereals and can transmit several viral 
diseases to these crops. Macrosiphum  albifrons is a widespread species in North America 
that has been introduced into Europe (Stroyan 1981) where the damage it causes to 
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lupins (Ferguson 1994) has stimulated recent research (Blackman and Eastop 2000). 
Finally, Acyrthosiphon  kondoi, which currently has a restricted distribution in Europe, 
is known to be a serious pest of lucerne (Blackman and Eastop 2000).

Exotic Aphididae are not considered to be serious pests of forest species in Eu-
rope (EUROFOR 1994) by contrast to the major damage caused to agricultural and 
horticultural crops. However, some species may cause economic losses. For example, 
the North African species Cinara  cedri and C.  laportei have been reported to damage 
plantations of Cedrus in southern France (Emonnot et al. 1967, Fabre 1976).

Finally, in addition to their measurable economic impact, some alien aphids may 
have an aesthetic impact. Th e production of abundant honeydew and the distortions 
induced by feeding may signifi cantly modify the appearance of the foliage of orna-
mental plants in parks and private gardens.  Appendiseta robiniae has such an aesthetic 
impact on Robinia pseudacacia L., as does Prociphilus  fraxinifolii on the red ash tree 
Fraxinus pennsylvanica and Illinoia  liriodendri on Liriodendron tulipifera.

9.2.8. Conclusion

Th ere are several possible reasons for the overrepresentation of Aphididae in the alien 
insect fauna of Europe. First, aphids are phytophagous insects and many are pests 
of economically important host plants (Blackman and Eastop 2000). For this rea-
son, many studies are carried out on the distribution, taxonomy and biology of this 
family. New alien species of Aphididae are therefore more likely to be detected than 
new members of other taxonomic groups, and this eff ect is enhanced by standard 
phytosanitary procedures. Second, aphids have the ability to reproduce both parthe-
nogenetically and sexually. Several species can reproduce exclusively by parthenogen-
esis, and all species can potentially maintain parthenogenetic populations throughout 
the year in areas of mild climate. Consequently, very few introduction events, and 
theoretically even the introduction of a single parthenogenetic female, may lead to 
the development of a population and the establishment of an alien species. Th ird, 
although aphids, as a group, are cosmopolitan, they are most strongly represented in 
temperate regions. Consequently, most of the World’s aphids live in climatic condi-
tions similar to those of Europe and are therefore preadapted to establishment where 
suitable hostplants are present. Moreover, global warming is also likely to promote 
the survival of alien tropical and subtropical species, at least locally (e.g. along the 
Mediterranean coast). Finally, aphids are small insects easily transported around the 
globe with plant materials.

Th ese factors and trends are unlikely to change and the number of introductions 
of alien Aphididae observed in Europe will probably continue to increase, due to both 
environmental (climate change) and economic factors (expanding markets and globali-
sation, and the ever increasing numbers of goods transported and agents of transport).
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Abstract
Scale insects are frequent invaders. With 129 established species, they numerically represent one of the 
major group of insects alien to Europe. Scales are usually small insects with wingless females. Due to this 
small size and concealment, many species, mainly belonging to the families Diaspididae, Pseudococcidae 
and Pseudococcidae, have been accidentally introduced to Europe, mostly originating from tropical re-
gions and essentially from Asia. Th e trade of fruit trees and ornamentals appears to be the usual pathway 
of introduction. At present, alien scales represent an important component of the European entomofauna, 
accounting for about 30% of the total scale fauna.

Keywords
Europe, Alien, scale insects

9.3.1 Introduction

Coccoidea or scale insects is a large superfamily in the order Hemiptera with a world-
wide distribution. Th ey are unusually small insects, highly specialized for plant para-
sitism, that have evolved diff erent kinds of metamorphosis depending on sex and 
family. Scale insects are characterized by sexual dimorphism: females are wingless, 
usually small (from 0.5 – 10mm), with an oval or round but fl at to fairly convex body 
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form, sometimes bud shaped, and often protected by waxy secretions or covers. Th e 
adult females may exhibit reduction or loss of appendages, depending on family and 
instar, and are often sedentary or sessile. Adult males are usually winged and incon-
spicuous, do not feed and live a few days. Scale insect identifi cation is mainly based 
upon the morphology of adult females that persist on the host plant longer than the 
other stages.

Females usually take three or four developmental stages to reach maturity, males 
usually fi ve. Parthenogenesis is quite common. Eggs are usually laid under the female 
body, under the scale cover, or in waxy egg-sacs. Dispersal is carried out by fi rst instars.

Scale insects feed on various parts of the host plant (leaves, fruits, stems, branches 
and roots) and are frequently introduced and acclimatized in diff erent parts of the 
world. Th is is due to their small size (fi rst instars are about 0.2–0.3mm; adult females 
usually are from 0.5 to10mm long) and their concealment using waxy secretions; be-
side many species live in hidden habitats (under leaf sheaths, in bark crevices or on 
roots) so that they can easily escape visual quarantine inspections. Once in a new terri-
tory, parthenogenesis and high fecundity favour quick colonization starting from a few 
females: for example, a single female Neopulvinaria  innumerabilis may lay up to 8000 
eggs (Canard 1968).

9.3.2 Taxonomy of the scale species alien to Europe

According to Ben-Dov et al. (2006) the superfamily Coccoidea comprises 22 families, 
with more than 7300 described species. In Europe, native representatives of 12 fami-
lies have so far been recognized. On the basis of the best known western and central 
European coccoid faunas (France, Italy, Hungary) (Ben-Dov et al. 2006, Foldi 2001, 
Pellizzari and Russo 2004), the total number of scale insects present in Europe is likely 
to reach about 400–450 species. Aliens recorded in Europe up until 2007 account 
for 129 species which include the following eight families: Diaspididae (60 species), 
Pseudococcidae (37), Coccidae (23), Eriococcidae (3), Margarodidae (2), Asterole-
canidae, Ortheziidae, and the alien family Phoenicococcidae, each with one species 
(Table 9.3.1). Unlike for other taxa, aliens represent an important component of the 
scale fauna currently present in Europe, i.e. near 30% (Fig. 9.3.1).

Th e remaining fi ve native families (Aclerdidae, Cerococcidae, Kermesidae, Leca-
nodiaspididae, Micrococcidae) each have one or two species in Europe: none of them 
is a pest, with the exception of the family Kermesidae (8 species in Europe), in which 
Kermes vermilio and Nidularia pulvinata exhibit outbreaks in urban environments only.

One species, Dactylopius  coccus Costa, representing the alien family Dactylopiidae, 
has been included among aliens to Europe, even though it is present only in Canary is-
lands, Madeira and Azores, where it was intentionally introduced. Th ese islands belong 
politically to Europe (Spain, Portugal) but biogeographically they belong to Macaro-
nesia, a biogeographic Atlantic region quite distinct from the European continent and 
with a unique fl ora and fauna.
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Diaspididae

Armoured scale insects are the commonest alien scales incidentally introduced all over the 
world: this is probably due to their small dimension and camoufl age. Th e 60 alien species 
account for nearly half (44.6%) of an estimated 130 species in Europe. Many notorious 
pests of fruit trees such as Pseudaulacaspis pentagona (the white peach scale- see factsheet 
14.45)) and Diaspidiotus perniciosus (San José scale - see factsheet 14.44)) belong to this 
family: these species are still pests of fruit trees in spite of the introduction of specifi c parasi-
toids from their native area. Th e Asiatic armoured scales of Citrus are largely found in Euro-
pean Citrus groves and presently number 10 species. Th eir ”invasion” started around 1850 
with Parlatoria   ziziphi and Lepidosaphes becki and is still going on with the arrival and estab-
lishment of   Unaspis yanonensis (1969),   Aonidiella citrina (1994), Chrysomphalus  aonidum 
(2000). Several armoured scales commonly occur throughout European greenhouses (e.g. 
Diaspis  echinocacti, Chrysomphalus dictyospermi, Diaspis  bromeliae, Abgrallaspis  cyanophylli), 
even if they cannot be considered as established. In some cases, species recorded only in 
greenhouses in northern and central Europe are established outdoors in southern countries 
(i.e. Furchadaspis   zamiae, Chrysomphalus  aonidum). Some armoured scales thought to be of 
Afrotropical origin or cryptogenic (e.g. Aspidiotus nerii,   Hemiberlesia lataniae, H. rapax) are 
very common in natural habitats of the Mediterranean countries (including small islands).

Pseudococcidae

Mealybugs are covered with mealy or cottony wax, have a distinct segmentation and 
are mobile. Th e 37 alien mealybugs account for roughly one fourth (25.7%) of the 
ca. 140 European species and most of them are polyphagous.   Planococcus citri, Pseu-

Figure 9.3.1 Taxonomic overview of the scale species alien to Europe compared to the native fauna. Spe-
cies alien to Europe include cryptogenics.
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dococcus  longispinus, P.   viburni and P.  calceolariae arrived and established during the 
19th century and are presently the most common species on ornamental plants, both 
outdoors and indoors. P. citri, fi rst recorded in 1813, is still a pest of Citrus and orna-
mental plants. Several mealybugs have been recorded in only one or two countries to 
date (e.g. Palmicultor palmarum, Phenacoccus  madeirensis,   Rhizoecus americanus,   Tro-
chiscococcus speciosus), both outdoors and in greenhouses, on ornamental plants.

Coccidae

About 70 species of soft scales are recorded in Europe. Of these, there are 23 aliens 
to Europe representing 32.8% of the fauna, and are mainly pests of fruit trees and 
ornamentals. Among them, the polyphagous Coccus  hesperidum and  Saissetia oleae, the 
well-known Mediterranean Black Scale, are probably the most ancient arrivals which 
established in the countries surrounding the Mediterranean Basin. Most recent arriv-
als are Pulvinaria  hydrangeae, P. regalis (see factsheet 14.41),   Ceroplastes japonicus and, 
in warmer places,  Protopulvinaria pyriformis, invasive on trees and ornamental plants 
in urban environments. Some species, such as Coccus pseudomagnoliarum, after fi rst 
spreading in Mediterranean Citrus groves, later became more localised and less com-
mon. On the other hand, the American Pulvinaria  innumerabilis is still considered a 
pest of vine, more than 40 years after its arrival in European vineyards. Several spe-
cies (e.g.   Saissetia coff eae, S. oleae, C.  hesperidum, Eucalymnatus   tessellatus,  Parasaissetia 
nigra) are rather common in greenhouses of central and northern Europe, while in 
southern Europe are outdoors pests.

Eriococcidae

European felt scales number about 50 species. Among them, only three alien felt scales 
have been so far recorded. Th e Australian Eriococcus  araucariae is widespread on Arau-
caria trees growing in Mediterranean countries, the American E.  coccineus is recorded 
on succulent plants and Ovaticoccus  agavium is quite common on Agave sp. growing 
outdoors.

Margarodidae

European margarodids recorded up until now number 15 species. Two alien margaro-
dids, Icerya purchasi (the cottony cushion scale) and I.  formicarum, invaded Europe at 
very diff erent times. Th e latter species is known from a single record in 2001 in Corsica 
and its establishment is unknown. On the other hand, the Australian I. purchasi has 
both established and caused an agricultural and environmental impact. It arrived and 
established in many Mediterranean countries between the end of 1800 and the fi rst 
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decades of 1900 and was very destructive to Citrus groves. Th e high infestations led to 
the introduction of the Australian coccinellid Rodolia  cardinalis, for biological control. 
Presently, the cottony cushion scale is mainly a pest of ornamental plants such as Pit-
tosporum, Acacia and Mimosa. It is also a very common species in semi-natural habitats 
(i.e. the Mediterranean maquis), far away from cultivated areas, where it develops on 
autochthonous wild plants such as Cistus, Genista, Smilax and Rosmarinus. Two other 
margarodids, Marchalina  hellenica and Matsucoccus  feytaudi, are alien in Europe, en-
tirely due to deliberate introduction.

Asterolecanidae

About 10 species of asterolecanids are present in Europe. Of these, the only alien pit 
scale is the Asiatic   Bambusaspis bambusae, a species associated with bamboos.

Ortheziidae

Ortheziids consist of 10 species in Europe. Among these, Insignorthezia  insignis, a poly-
phagous Neotropical species, has been reported in European greenhouses since the end 
of 19th century. Apparently I.  insignis is established outdoors only in Portugal and 
France.

Phoenicococcidae

Phoenicococcus  marlatti, the Red Date Palm Scale, thought to originate in the Middle 
East or North Africa, is the only species currently placed in the family Phoenicococ-
cidae. It is considered a minor pest of commercial dates, whereas in Spain, France and 
Italy, it infests ornamental palms (mainly Phoenix canariensis).

9.3.3 Temporal trends of introduction in Europe of alien scale species

Fig. 9.3.2. presents the temporal variation in the mean number of new alien species 
recorded per year since 1492. Serious studies of the Coccoidea began in mid 19th cen-
tury. From that time, to the mid-1970s, the introduction of alien species was relatively 
constant, averaging 0.66 species per year. Since then, there is an apparent increase in 
alien introductions, up to an average of 1.15 species per year.

In interpreting this chart, account should be taken of “old” alien species, found 
and described in Europe, (i.e. Aspidiotus nerii,   Planococcus citri, Coccus  hesperidum, 
 Saissetia oleae) for which the introduction date is based only on the date of their fi rst 
description. In the case of the most harmful alien scales, the date of fi rst introduc-
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tion to Europe and the chronology of their invasion is known more precisely (i.e. 
for Pseudaulacaspis pentagona, Icerya purchasi, Diaspidiotus perniciosus). Moreover, 
records of alien scales depend on the presence of specialists in a given country. For 
instance, during the 1970–80s, advances in systematic knowledge and the increasing 
number of active coccidologists led to the “discovery” of several species which have 
probably been introduced a long time before. Th e great rise in the global exchanges 
of plants and quarantine inspections can explain the increases in subsequent years 
up until the present.

Among the scale insects introduced to Europe from the end of 19th century to 
1960s there are several pests of fruit trees and Citrus (i.e. Diaspidiotus perniciosus, 
Lepidosaphes  gloverii, Pseudaulacaspis pentagona,    Ceroplastes sinensis, Icerya purchasi), 
whereas in the last 40 years the most numerous introduced scales are pest of or-
namental plants, both outdoors and indoors (i.e. Pulvinaria regalis, P.  hydrangeae, 
  Ceroplastes japonicus,  Protopulvinaria pyriformis, Parassaisetia nigra,   Trochiscococcus 
speciosus), the main scale of agricultural importance being Neopulvinaria  innumera-
bilis, a pest of vine.

Figure 9.3.2 Temporal trends in the mean number of new records per year of scale species alien to Eu-
rope from 1492 to 2007. Th e number above the bar indicates the absolute number of species in this time 
period.
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9.3.4 Biogeographic patterns of the scale species alien to Europe

9.3.4.1 Origin of the alien species

Th e geographical origin of introduced scale insects shows a large dominance of 
species from tropical areas, essentially Asia, followed by southern American species 
(Fig. 9.3.3). Th e precise origin remains unknown for about one fourth of alien 
scales. Among the most widespread aliens to Europe are Diaspidiotus perniciosus 
of temperate Asian,   Planococcus citri from tropical Asia,    Ceroplastes sinensis from 
Central-America, Parthenolecanium  fl etcheri from Northern-America,  Saissetia oleae 
from the Afrotropics, Icerya purchasi from Australasia, and Lepidosaphes  beckii as 
cryptogenic species.

9.3.4.2 Distribution of the alien species in Europe

It should be borne in mind that, as for the other arthropod groups, the number of 
records of alien scales in European countries, refl ects, in part, diff erences of study 
intensity and the number of local taxonomists. Moreover, the geographic position of 
some countries such as France, Italy and Spain, whose climatic conditions vary from 
high montane, continental to Mediterranean, allows establishment of species from 
very diff erent geographical areas. Two countries present a particularly high number 
of alien species: France with 90 species and Italy with 92 species (Fig. 9.3.4). Lagging 
far behind are Spain, Great Britain and Portugal with 50, 43 and 41 species, respec-
tively. Th e islands of the Atlantic, not represented in the fi gure, have respectively 
51 aliens in the Canaries, 44 in Madeira and 22 in the Azores. Th ere are 12 alien 
species recorded in at least 20 countries, namely Coccus  hesperidum (28 countries), 
Pulvinaria  fl occifera (21),   Saissetia coff eae (24), S. oleae (26), Aspidiotus nerii (26), 
Diaspidiotus perniciosus (26), Pinnaspis  aspidistrae (20), Pseudaulacaspis pentagona 
(21),   Planococcus citri (22), Pseudococcus  longispinus (22) and P.   viburni (26). Th ese 
are all polyphagous species, with the exception of Unaspis  euonymi, monophagous 
on Euonymus spp., recorded in 22 countries. A total of 20 species (15%) are present 
only in one country.

9.3.4.3 Scale species alien in Europe

With regard to scale insects alien in Europe, that is originating from another Eu-
ropean area where native and introduced through human activity, only very few 
certain cases are known. Marchalina  hellenica is native to Turkey and Greece and 
presently invasive in the small island of Ischia (Italy). It was introduced there in 
1960 to study endosymbiosis, but unfortunately escaped from laboratory bree-
ding and presently is a pest of pines (Tranfaglia and Tremblay 1984). Matsucoccus 
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Figure 9.3.3 Geographic origin of the scale species alien to Europe.

Figure 9.3.4 Numbers of established alien scale species in the European countries and main islands ac-
cording to Table 9.3.1. Archipelago: 1 Azores 2 Madeira 3 Canary islands.
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Figure 9.3.5 Ceroplastes  ceriferus (Coccidae). Credit: Giuseppina Pellizzari

Figure 9.3.6 Coccus  hesperidum (Coccidae). Credit: Giuseppina Pellizzari

 feytaudi lives on Pinus pinaster and is native to the Atlantic regions of France, 
Spain and Portugal. It was introduced with its host plant in South-eastern France 
and from there spread towards Italy (Arzone and Vidano 1981). Both Aonidiella 
 lauretorum and A.   tinerfensis are endemic to the Atlantic islands of Canary (Spain) 
and Madeira (Portugal). Th ey were introduced incidentally with their host plants 
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in the Botanic gardens of Sintra and Lisbon (Portugal), where they still persist 
(Balachowsky 1948).

9.3.6 Pathways of introduction in Europe of alien scale species

Scale insects are highly specialized, sedentary, plant-parasitic insects and the only path-
way of introduction is the horticultural and ornamental trade: importation and trade 

Figure 9.3.7  Parasaissetia nigra (Coccidae). Credit: Giuseppina.

Figure 9.3.8  Protopulvinaria pyriformis (Coccidae). Credit: Giuseppina Pellizzari.
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of fruit and Citrus trees, ornamental trees and bushes, bulbs and corms, has led to in-
cidental introduction and subsequent spread of scale insects. More recently, the “fash-
ion” of succulent plant cultivation and the subsequent increase in plant importation 
and plant exchanges among collectors is responsible for the introduction and spread 
of several species such as   Delottococcus euphorbiae, Hypogeococcus pungens,   Trochisco-
coccus speciosus, Vryburgia rimariae, Spilococcus  mamillariae and Eriococcus  coccineus. 
Importation of bonsais from Asia could allow the introduction and spread of Rhizoecus 
hibisci, a mealybug living on roots and recently intercepted several times by European 
quarantine services.

Figure 9.3.9 Pulvinaria  hydrangeae (Coccidae). Credit: Nico Schneider

Figure 9.3.10 Pulvinaria  fl occifera (Coccidae). Credit: Nico Schneider
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9.3.7 Ecosystems and habitats invaded in Europe by alien scale species

Alien, established scale insects colonize strongly anthropogenic habitats such as cul-
tivated agricultural lands, horticultural and domestic habitats, urban environments, 
gardens and parks, botanic gardens, nurseries and greenhouses, but they have also 
spread to natural habitats. Mediterranean Citrus groves host a large community of 
alien scales: 18 diff erent species have been so far recorded. Th ese are: Icerya purchasi 
  Planococcus citri, Pseudococcus  calceolariae, P.  longispinus,    Ceroplastes sinensis, Coccus 
 hesperidum, C. pseudomagnoliarum,  Saissetia oleae,   Aonidiella aurantii, A. citrina, As-

Figure 9.3.11 Chrysomphalus  aonidum (Diaspididae). Credit: Giuseppina Pellizzari.

Figure 9.3.12   Unaspis yanonensis (Diaspididae). Credit: Giuseppina Pellizzari.
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pidiotus nerii, Chrysomphalus dictyospermi, C.  aonidum, Lepidosaphes  beckii, L.  gloverii, 
Parlatoria pergandii, P.   ziziphi and   Unaspis yanonensis. Some polyphagous scales are 
urban pests, largely distributed in urban parks and gardens, on trees and ornamentals 
(i.e. Pulvinaria regalis, P.  hydrangeae,   Ceroplastes japonicus), whereas they are absent or 
very rare in the countryside. A few monophagous species are only known in Botani-
cal gardens, where they persist outdoors, at a low population levels, on exotic plants 

Figure 9.3.13 Comstockiella  sabalis (Diaspididae). Credit: Jean Francois Germain

Figure 9.3.14 Ovaticoccus  agavium (Eriococcidae). Credit: Giuseppina Pellizzari
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introduced over there a long before (i.e. Aonidiella   tinerfensis, Pseudaonidia paeoniae or 
  Bambusaspis bambusae).

Several other monophagous species remain strictly associated to their original, ex-
otic ornamental plants, and have a correspondingly wide distribution in Europe (i.e. 
Parthenolecanium  fl etcheri, Pulvinaria mesembryanthemi, Eriococcus  araucariae). On the 
other hand, some polyphagous species (i.e. Diaspidiotus perniciosus, Pseudaulacaspis pen-
tagona, Pulvinaria  fl occifera) have spread from cultivated areas to natural woodland and 
forest habitats (Balachowsky 1932b, Balachowsky 1936). Others (Antonina  graminis, 

Figure 9.3.15 Pseudococcus comstocki (Pseudococcidae). Credit: Giuseppina Pellizzari

Figure 9.3.16 Pseudococcus  longispinus (Pseudococcidae). Credit: Giuseppina Pellizzari
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Chorizococcus  rostellum and   Trionymus angustifrons) can be found in grasslands. In natu-
ral habitats of Mediterranean countries (including small islands), species such as the 
armoured scales Aspidiotus nerii (see factsheet 14.43),   Hemiberlesia lataniae, H. rapax, 
the mealybug   Planococcus citri, the wax scale    Ceroplastes sinensis and the Australian I. 
purchasi are quite common on wild autochthonous plants, growing far away from cul-
tivated plants. Th eir transfer from cultivated plants to authochtonous ones in natural 
environments confi rms that they have fully acclimatized.

9.3.8 Impact of alien scale species

Scale insects are plant pests, especially of fruit trees, woody ornamentals, forest trees 
and greenhouse plants. Th ey cause damage to plants by sap sucking. Moreover, except 
for Diaspididae and Asterolecaniidae, they excrete honeydew that covers leaves and 
fruits and allows the development of sooty mould. Th is black sooty mould can reduce 
photosynthesis by 70%, leading to early senescence, with smaller and premature fruits, 
and loss of aesthetic value (Mibey 1997). Moreover, Coccidae and Pseudococcidae are 
vectors of closteroviruses. For example,   Planococcus citri and Pulvinaria  innumerabilis 
may transmit the Grapevine Leafroller-associated Virus (GLRaV-1, GLRaV-3) and the 
Corky Bark disease (GVA, GVB) (Sforza et al. 2003, Zorloni et al. 2006). Diaspididae 

Figure 9.3.17 Pseudococcus  calceolariae (Pseudococcidae). Credit: Jean Francois Germain
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cause discolouration on leaves, red or black spots on fruits, and twig dieback. Pesticides 
are commonly applied to control scale insects in fruit orchards and Citrus groves. In-
festations of alien scales in orchards have led to the introduction to Europe, from their 
native area, of many natural enemies for biological control purposes.
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Table 9.3.2. List and main characteristics of the scale species alien in Europe. Country codes abbrevia-
tions refer to ISO 3166 (see appendix I). Habitat abbreviations refer to EUNIS (see appendix II). Only 
selected references are given. Last update 29/05/2009

Family
 Species

Regime Native 
range

Invaded 
countries

Habitat Hosts References

Diaspididae

Aonidiella 
  tinerfensis  
Lindinger 
(1911)

Phyto phagous Canary 
Islands

PT I2 Dracaena Balachowsky (1948), 
Fernandes (1992), 
(1990)

Aonidiella 
 lauretorum 
(Lindinger, 
1911)

Phyto phagous Canary 
Islands, 
Madeira

PT I2 Poly-
phagous

Balachowsky (1948)

Margarodidae

Marchalina 
 hellenica 
(Gennadius, 
1883)

Phyto phagous Greece, 
Turkey

IT G Pinus Tranfaglia and Tremblay 
(1984)

Matsucoccus 
 feytaudi 
Ducasse 1941

Phyto phagous France, 
Spain, 
Portugal

IT, FR-
COR

G Pinus 
pinaster

Arzone and Vidano 
(1981), Jactel et al. 
(1996)
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Abstract
Apart from aphids and scales, 52 additional Sternorrhyncha hemipteran species alien to Europe have 
been identifi ed within Aleyrodidae (27 whitefl y species), Phylloxeroidea (9 adelgids, 2 phylloxerans) and 
Psylloidea (14 species of jumping plant-lice) in addition to 12 Auchenorrhyncha species (mostly Cicadelli-
dae- 8 species). At present, the alien species represent 39% of the total whitefl y fauna and 36% of the total 
adelgid fauna occuring in Europe. Th e proportion is insignifi cant in the other groups. Th e arrival of alien 
phylloxerans and adelgids appeared to peak during the fi rst part of the 20th century. In contrast, the mean 
number of new records per year of alien aleyrodids, psylloids and Auchenorrhyncha increased regularly 
after the 1950s. For these three groups, an average of 0.5–0.6 new alien species has been recorded per year 
in Europe since 2000. Th e region of origin of the alien species largely diff ers between the diff erent groups. 
Alien aleyrodids and psylloids mainly originated from tropical regions whilst the adelgids and phylloxer-
ans came equally from North America and Asia. A major part of the alien Auchenorrhyncha originated 
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from North American. Most of these alien species are presently observed in man-made habitats, especially 
in parks and gardens but alien adelgids are mainly observed in forests because of their association with 
conifer trees used for aff orestation.

Keywords
alien, Europe, Adelgidae, Aleyrodidae, Cicadellidae, Psyllidae, Phylloxeridae, Auchenorrhyncha

9.4.1. Introduction

Th is chapter will consider the hemipteran species alien to Europe belonging to the Ster-
norrhyncha superfamilies other than Aphidoidea and Coccoidea (i.e., Aleyrodoidea, 
and superfamilies Phylloxeroidea and Psylloidea) and to the Auchenorrhyncha (Cicado-
morpha and Fulgoromorpha suborders). We will mainly follow the higher classifi cation 
used in Fauna Europaea (Asche and Hoch 2004, Nieto Nafria and Binazzi 2005).

Both Aleyrodoidae (whitefl ies) and Psylloidea (jumping plant-lice or psylloids) are 
distributed throughout the major zoogeographical regions of the World, with their 
greatest diversity in tropical and south temperate regions. Th ey are all sap-sucking in-
sects and most of them are narrowly host-plant specifi c. Th is is particularly true for the 
psylloids were such specifi city may also be present at higher taxonomic levels and not 
just at species level. Both adult whitefl ies and psylloids possess a feeding rostrum, two 
pairs of fl ying wings and are fully mobile. Reproduction in both groups is generally 
sexual with some rare cases of parthenogenetic* development. Th e eggs in both groups 
are laid directly onto the host-plant surface.

Whitefl ies comprise a relatively small group of insects in a unique family Aleyrodi-
dae, and we will later us only this family name. Whitefl ies are the least speciose among 
the four groups of sternorrhynchous Hemiptera (whitefl ies, aphids, jumping plant-lice 
and scale insects) with only 1,556 described species accommodated in 161 genera 
(Martin and Mound 2008). Adult whitefl ies are very small insects, most measuring 
between 1–3 mm in body length. Life-cycles of whitefl ies are somewhat unusual. Th e 
fi rst-instar larvae are able to walk around (crawler) short distances on the host plant 
until a suitable feeding site is found; then, the remaining three larval instars are ses-
sile. Th e fi nal whitefl y larval stage is usually termed as a puparium* where feeding goes 
on during the fi rst part of this stage. It is also this stage which is used for almost all 
whitefl y taxonomy and systematic with adults being identifi ed only rarely. All whitefl y 
species are free living during their larval stages.

Jumping-plant lice (Psylloidea) comprise some 3,000 described species accommo-
dated in the six currently recognized families. Adults range from 1–12 mm in body 
length. Life-cycles of psylloids are very straightforward with eggs laid singly or in clus-
ters on the host plant, the immatures undergoing fi ve larval instars (being all mobile 
unless gall-dwelling) and after these adults emerge. In jumping-plant lice, both adults 
and nymphal stages are used for species identifi cations. More than three-quarters of 
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psylloid species are free-living during their larval stages, but some are gall-inducing 
and others live under protective scales or lerps (waxy constructions covering the body).

Th e feeding activity of whitefl ies and psylloids may negatively aff ect the host-plant 
by rendering weakness and thus more susceptibility to other diseases. Th e feeding ac-
tivity of these insects (especially in whitefl ies) may produce copious honeydew which 
may cover underlying leaves and fruits/fl owers of the host-plant. Usually, this honey-
dew is immediately covered by black sooty mould which impairs photosynthesis and/
or renders unmarketable plant parts such as fl owers and fruits. Notorious pest species 
in both groups (adults) are vectors of a number of plant pathogens such as viruses and 
phytoplasmas.

Phylloxeroidea (adelgids and phylloxerans) is a closely related superfamily, which in-
clude some of the most destructive introduced plant pests in the World. Th ey include 
minute insects (1–2 mm in body length), which are highly host specifi c but with a sim-
ple morphology. Th e two groups are distinguished from typical aphids (Aphididae) by 
the complete absence of siphunculi* and the retention of the ancestral trait of oviparity 
in all generations. Phylloxerans feed on angiosperms, particularly hickories and ashes 
(Juglandaceae), oaks and beeches (Fagaceae) and grapes (Vitaceae) but adelgids only 
develop on certain genera of the Pinaceae family, retaining their ancestral relationships 
with gymnosperms. Such as their host plants, adelgids are endemic to the Northern 
Hemisphere in boreal and temperate habitats. Despite the broad geographical distribu-
tion of these host plants, there are less than 70 and ca. 75 species of known adelgids 
and phylloxerans, respectively (Havill and Foottit 2007). However, there is consider-
able taxonomic uncertainty in both groups since several described species may not 
represent unique taxa but are actually diff erent morphological forms of the same spe-
cies found on diff erent host plants. Both groups exhibit cyclical parthenogenesis and 
possess complex, multigenerational, polymorphic life cycles. Five generations make up 
the typical two- year adelgid holocycle*, three produced on the primary host, Picea spp. 
(noticed as -I- in Table 9.4.1) where sexual reproduction and gall formation occurs, 
and the last two are produced on a secondary host (Abies, Larix, Pseudotsuga, Tsuga, 
or Pinus, noticed as -II- in Table 9.4.1) which supports a series of asexual generations. 
Adelgids that are anholocyclic* complete their entire life cycle on either Picea or on a 
secondary host genus. Some anholocyclic species may in fact be holocyclic, but forms 
on the alternate host have not been described. Typically, sexual reproduction and host 
alternation nymphs and galls are formed in spring. Winged gallicolae* can disperse or 
can stay to lay eggs near the gall from which they emerged.

Auchenorrhyncha, with some 42,000 described species worldwide is probably para-
phyletic but composed of two well supported monophyletic groups, Fulgoromorpha 
(planthoppers) and Cicadomorpha (leafhoppers, froghoppers, treehoppers and cicadas). 
Hemipteran phylogeny is still controversial (Cryan 2005, Yoshizawa and Saigusa 2001) 
although Sternorrhyncha, Fulgoromorpha, Cicadomorpha, Coleorrhyncha and Heter-
optera are considered monophyletic by most authors (Bourgoin and Campbell 2002, 
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Dietrich 2002, Nielson 1985). Auchenorrhyncha usually feed on plant sap, either on 
phloem, xylem or parenchyma, and they occur therefore in almost all habitats colonized 
by vascular plants. Many are of economic importance due to the transmission of phy-
topathogenic organisms causing plant diseases such as phytoplasmas and virus diseases 
(Bourgoin and Campbell 2002, Carver et al. 1991, Dietrich 2005, Kristensen 1991, 
Nielson 1985). Most Auchenorrhyncha have a bisexual reproduction. Eggs are usually 
laid into plant tissue and there are 5 nymphal instars. While some species are good fl y-
ers and can be carried by wind over relatively long distances (Della Giustina and Balasse 
1999), most of the translocations are considered due to anthropogenic causes. All the spe-
cies introduced from North American and east Asiatic are assumed to have been imported 
with plants, either as eggs in the tissue or as nymphs or adults feeding on the host plants.

Planthoppers (Fulgoromorpha) with 21 families and some 12,000 described species 
occur worldwide but are most diverse in the tropics. Only the widely distributed families 
Cixiidae and Delphacidae occur also in colder regions such as Northern Europe. In Eu-
rope, ca. 750 species of Fulgoromorpha are expected to occur (Asche and Hoch 2004). 
Th ey can be distinguished by the following characters: pedicel of antenna bulbous or en-
larged; presence of tegulae* on the mesothorax; bases of mid-coxae widely separated. Th e 
body size varies from 2–114 mm but most species are small (O’Brien and Wilson 1985).

Cicadomorpha are characterised by following characters: antennal pedicel small; 
tegulae absent; meso-coxae small and narrowly separated. To date, 30,000 species of 
Cicadomorpha have been described in over than 5,000 genera and 13 families. Di-
etrich (Dietrich 2002) estimated that about 6–10% of plant-feeding insects belong 
to the Cicadomorpha. Despite their economic importance, there are surprisingly still 
many gaps in the knowledge on the taxonomy, phylogeny, life history and biology of 
Auchenorrhyncha.

9.4.2. Taxonomy and invasion history of the Aleyrodidae, Psylloidea, 
Phylloxeroidea, and Auchenorrhyncha alien to Europe

Th e literature about alien species of Aleyrodidae, Psylloidea, Phylloxeroidea, and 
Auchenorrhyncha in Europe is relatively scattered, most of the studies dealing with 
alien pests of economic importance such as   Bemisia tabaci and Trialeurodes vaporarium 
(Bedford et al. 1994, Martin et al. 2000) for Aleyrodidae or Metcalfa pruinosa and 
Scaphoideus   titanus (Arzone et al. 1987, Dlabola 1981) for Auchenorrhyncha. Indeed, 
comprehensive data on alien species were available for only a few European coun-
tries. i.e., Albania, Bulgaria and Macedonia (Tomov et al. 2009), Austria (Essl and 
Rabitsch 2002), the Czech Republic (Šefrová and Laštùvka 2005), Germany (Geiter 
et al. 2002), Great Britain (Hill et al. 2005), Slovenia (Seljak 2002) and Switzerland 
(Kenis 2005). Th e ‘Handbook of alien species in Europe’ (DAISIE 2009), generated 
by the DAISIE project, listed a number of species alien to Europe (i.e, of exotic origin 
or cryptogenic) and alien in Europe (introduced by man from a European region to 
another where the species is not native) but the status of some of these species also 
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needed to be reviewed. At the end of each group, we provide information on the spe-
cies of this group we excluded from the alien list either because of confusion in their 
actual status or of misidentifi cations. Apart from the established species, the alien lists 
of Aleyrodidae, Phylloxeroidea and Psylloidea will also include species which were ob-
served only in greenhouses and for which no data is available on their establishment in 
the wild in the mentioned territory. In contrast, the list of alien Auchenorrhyncha will 
only include established species in the wild.

9.4.2.1 Aleyrodidae

A total of 27 species alien to Europe were recorded. Although the family Aleyrodidae 
include three subfamilies only two of these are represented in both the alien and the 
native European fauna. At present, the alien species represent 39% of the total whitefl y 
fauna observed in Europe (Figure 9.4.1). Twenty alien species belong to Aleyrodinae, 
which is the most widespread and largest subfamily with over 1,400 described spe-
cies. Seven species belong to the subfamily Aleurodicinae, which is mainly confi ned 
to South America, plus very few species in South-Eastern Asia and other geographical 
regions (121 described species) (Martin 1996). It is usually regarded as being more 
primitive than Aleyrodinae. In general, Aleurodicinae represent much larger species 
than typical whitefl y, their additional wing venation being possibly a functional neces-
sity associated with their large size. Th e pupal cases of the Aleurodicinae are generally 
more complex than those of the Aleyrodinae, bearing large compound wax-secreting 
pores on the dorsal surface. Species of whitefl ies intercepted in greenhouses (occasion-
ally or once) are rather few. Such species were included in the list because additional 
introductions as well as establishment in the wild are not to be excluded especially 
under global change conditions. Th ese species include Filicaleyrodes   williamsi, a spe-
cies whose origin remains obscure; Aleuropteridis  fi licicola, an African species found 
on ferns; Aleurotulus nephrolepidis, a specialist fern feeder often found in greenhouses 
which is already known to occur in the wild in Macaronesia (Martin et al. 2000); 
Ceraleurodicus   varus, an Aleurodicinae species which was found to colonize orchids 
in 1939- 1940 in an orchid house at the Budapest Botanical Garden, but was never 
intercepted again or recorded in other European countries;   Aleurodicus destructor of 
which a single specimen was collected from Olea at a Garden Festival in Liverpool, 
UK, but which is occasionally intercepted by quarantine inspections in Europe (Mar-
tin 1996); a neotropical whitefl y, Aleurotrachelus   trachoides was intercepted in Great 
Britain on sweet potato leaves imported from Gambia (Malumphy 2005); and,   Peal-
ius azaleae. Th is latter species is often regarded as a minor pest of ornamental azaleas 
(Rhododendron spp.). It was originally described from Belgian material intercepted 
by quarantine offi  cials in the United States but its origin is likely Eastern Asia. Th e 
occurrence of this species in Europe is very sporadic and records often refl ect newly 
introduced populations with azalea hosts being kept indoors, in greenhouses or in 
very sheltered places.
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An emergent whitefl y pest in Europe is Alerocanthus spiniferus, commonly known 
as the Orange Spiny Whitefl y. Th is species is listed as a quarantine threat to Europe 
and is included in the EPPO A1-List of species recommended for regulation as quar-
antine pests and in the EU Annex II/A1 under: “Pests known not to occur in the EU, 
whose introduction into, and/or whose spread within, all EU Member States is prohib-
ited, with reference to specifi c plants or plant products”. Th e accidental introduction, 
acclimatization and spreading of this species in southern Italy (Porcelli 2008) is thus of 
concern to all the European Union. As pointed out by Porcelli (Porcelli 2008), the ori-
gin of the infestation of this species is still unknown, and the species has already spread 
in the Apulia Region to make its eradication impossible. A. spiniferus is a widespread 
tropical species, occasionally a pest on Annona and Citrus, but it is also recorded from 
woody hosts of more than 15 plant families (Martin 1996). Aleuroclava  aucubae, a 
species described from Japan and most likely of Oriental origin, was recently recorded 
from Italy (Pellizari and Šimala 2007) and may also prove to be a potential pest in Eu-
rope. It is known to occur on more than 15 plant families (Mound and Halsey 1978) 
and in the Veneto region, the species was found on both greenhouse plants (Citrus 
x limon (L.) Osb., Ficus sycomorus L.) and outdoor host plants (Pittosporum tobira 
(Th unb.) Aiton , Prunus armeniaca L., Photinia).

Some whitefl y species not native to Europe have been found in Macaronesia and 
some of these are also penetrating into Europe. Aleuroplatus perseaphagus is a species of 
Neotropical origin, but was fi rst described from Madeira. Th e species is common on 
avocado.   Aleurotrachelus atratus is also a species of Neotropical origin, but was found 
in the Canary Islands (Martin et al. 2000) and is now being recorded on several en-
dangered palm species on various islands in the south-western Indian Ocean and in 
glasshouses in Paris (Borowiec et al. 2010). Acaudaleyrodes rachipora was described 
from India and is probably native to Asia but the species is also known from the Ca-

Figure 9.4.1. Comparison of the relative importance of Aleyrodidae, Psylloidea, Phylloxeroidea, and 
Auchenorrhyncha in the alien and native entomofauna in Europe. Th e number right to the bar indicates 
the number of species per family.
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nary islands (Martin et al. 2000). Crenidorsum  aroidephagus, introduced in Madeira, is 
a native of New World, colonising several plant species of the Araceae family in Central 
and South America, southern USA, and the Pacifi c Region. It is is also reported as a 
minor pest for growers of ornamental-foliage plants (Martin et al. 2001).

Massilieurodes  chittendeni is most probably a species originating from northern Asia, 
from where its host plant, rhododendrons, mainly originate. Th is species was described 
on material collected in England in 1928 (Laing 1928). Klasa et al. (2003) reported the 
introduction of this species to central Poland, the Czech Republic, Germany and the 
Netherlands. Two whitefl y species with an uncertain area of origin include Dialeurodes 
kirkaldyi and Singiella  citrifolii both potential pests of Citrus-plantations. D. kirkaldyi 
was originally described from Hawaii and later reported in several states in North 
America (Russell 1964). Th e species is also known from Africa and Asia. In Europe it 
was so far found in Cyprus and Portugal. S.  citrifolii was originally described from the 
United States. It is known from the Oriental Regions and from the Neotropics and 
the Nearctic Region. In Europe the species is known from Madeira (Aguiar 1998) and 
recently it was reported from the Mediterranean Region (Lebanon) (Martin 2000). 
Parabemisia myricae, commonly known as the Japanese bayberry whitefl y, is probably 
native to Japan. It arrived in the Mediterranean Basin and Southern Europe in the mid 
1980s and in a very short time it invaded most of the Mediterranean countries with 
considerable damage to citrus plantations (Rapisarda et al. 1990).

Some alien whitefl y species show little dispersion in Europe. Trialeurodes packardi, 
a species native to the Nearctic Region where it is extremely polyphagous, was only 
noted in Hungary (Kozár et al. 1987) as a pest on strawberries. T. packardi is closely 
related to T.   vaporariorum, and the two species can only be distinguished via micro-
scopic examination of pupal cases, and this may also be a reason why the species was 
not recorded elsewhere in Europe.

A highly polyphagous Neotropical species is Aleurodicus  dispersus, commonly 
known as the Spiralling Whitefl y. Th is species is occasionally detected in northern 
Europe on plants imported from the Far East (Martin 1996). In the 1970s this species 
began a rapid expansion of its range, westwards from the New World, and crossed the 
Pacifi c to the Philippines by 1983, and in 1990 its arrival in the Malay Peninsula was 
noted. Since then its spread continued into Th ailand, Sri Lanka, southern India, the 
Maldive Islands, and Western Africa (Martin 1996). Its establishment in the Canaries 
dates back to the early 1960s, but the species is also known from Macaronesia where 
it is common on trees and shrubs in the open and seems to be a well established spe-
cies. A species which co-exists with A.  dispersus in the Canary Island is Lecanoides 
 fl occissimus, a second Neotropical species which is particularly damaging to numerous 
unrelated host-plants due to direct feeding and by the enormous populations depriving 
plants of sap and thus inhibiting growth. Th e species is also known to secrete copious 
honeydew on which sooty mould immediately grows and a fi nal eff ect to people living 
in the area where this species is abundant, is the fl uff y white “wool” secreted by the 
larval stages, which blows from trees, sticks to clothing and garden furniture, and even 
causes allergic reactions (Martin et al. 1997). Th e genus Paraleyrodes, also native to the 
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Neotropical Region, is represented in the West Palaearctic by three species. Paraleyrodes 
species are all very small, comparable in size to members of the Aleyrodinae, and simi-
larly having their fore wing venation reduced to a single unbranched main vein. How-
ever, the larval instars all possess wax-producing pores of compound structure, claws 
on the puparial legs and a quadrisetose ligula*, all being diagnostic characteristics for 
the Aleurodicinae. P.  bondari, is well established in Madeira with material collected on 
several host-plants since 1995 and likelwise, P.  citricolus, established on the same island 
at least since 1994 and is common on both Citrus spp. and Persea americana Miller 
(Martin 1996). P. minei, although originally described from Syria, is native to the 
Neotropics. Th is species has been established in Spain since the early 1990s where it 
provokes substantial damage on citrus plantations (Garcia Garcia et al. 1992). A fourth 
species, P. pseudonaranjae Martin has become established in Florida, Hawaii, Bermuda 
and Hong Kong and seems to be rapidly extending its native geographical range (Mar-
tin 2001). Th is species is polyphagous with Citrus included in its host-plant records 
and Europe should be alerted with respect to the high risk of introducing this species.

With regard to the DAISIE list of alien Aleyrodidae published in the ‘Handbook 
of alien species in Europe’(DAISIE 2009), the identifi cation of Aleuroclava guyavae by 
Pellizari and Šimala (Pellizari and Šimala 2007) was incorrect and should refer to A. 
 aucubae, a closely related species (Martin, J. pers. comm., 2010). Bemisis  afer (Priesner 
& Hosny) was not included as an alien species to Europe in this work as this group is 
in need of taxonomic revision. Several samples from Britain do however come from 
glasshouses and its status in Britain was reviewed by Malumphy (2003). Besides, sev-
eral forms are known from Macaronesia, and before a proper revision of the group 
is done to defi ne species boundaries no account on European material is included. 
Aleurolobus  marlatti (Quaintance) was also removed from the list of alien species in 
Europe. Th e species has a very wide geographical distribution with native records from 
Southern Europe (Sicily and Malta). We also excluded Aleurolobus olivinus (Silvestri), 
a species which is widely found in Europe and wherever its preferred host-plant (olive 
tree) grows. Finally, Dialeurodes formosensis Takahashi was also excluded because the 
unconfi rmed record to species level of Iaccarino (1985) was incorrect and should refer 
to Dialeurodes setiger (Goux), a species native of the Mediterranean area.

9.4.2.2 Psylloidea

Jumping plant-lice alien to Europe include 14 species belonging to two families, Psyl-
lidae (11 species) and Triozidae (3 species) (Figure 9.4.1). Th e Psyllidae family is the 
largest family of jumping lant-lice with a cosmopolitan distribution and some 1,800 
described species accommodated in more than 150 genera. As presently constituted 
this family is diffi  cult to defi ne as, eff ectively, it comprises all those species that do not 
belong in any other of the fi ve psylloid families. Th e family has a wide range of host-
plants with many species utilising woody legumes. Some species are gall-inducers and 
all of the solitary lerp-forming species belong to this family. Th e genus Acizzia currently 
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accommodates more than 30 described species of psylloids mainly found in Australia, 
New Zealand, the Old World tropics and extending through North Africa and the 
Middle East to the Mediterranean Basin (Hodkinson and Hollis 1987). Among other 
characteristics, male adults of this genus have a proctiger* with a conspicuous posterior 
lobe, forewing with a tapered pterostigma and distinct costal break, basal metatarsus 
with 1 or 2 black spures and apical segment of aedeagus often complex. Species feed 
on mimosoid legumes, particularly Acacia and Albizia. In Europe, four species are con-
sidered alien introductions. Acizzia  hollisi was described from Saudi Arabia and Israel 
(Burckhardt 1981) on Acacia raddiana Savi and was found on the island of Lampedusa 
in 1987 (Conci and Tamanini 1989). Acizzia  acaciaebaileyanae and A.   uncatoides were 
originally described from Australia and New Zealand, respectively. Both species have 
been introduced and established in several European locations; A.  acaciaebaileyanae 
in France (Malausa et al. 1997), Italy (Fauna Italia, Rapisarda 1985) and Slovenia 
(Seljak et al. 2004) whereas A.   uncatoides in France, Italy, Portugal (Hodkinson and 
Hollis 1987), Montenegro (Lauterer 1993), Malta (Mifsud 2010) and the Canary Is-
lands. Within this psylloid group, the latest arrival in Europe was Acizzia  jamatonica, 
originally described from Asia. Th is species was fi rst noted in Italy (Zandigiacomo et 
al. 2002), and it was later recorded from a number of European countries including 
France and Corsica (Chapin and Cocquempot 2005), Slovenia (Seljak 2003), Switzer-
land (Kenis 2005), Croatia (Seljak et al. 2004), and Hungary (Redel and Penzes 2006). 
Since 2006, this species was also introduced in the Nearctic Region and its occurrence 
in the south-eastern United States was surveyed (Wheeler Jr and Richard Hoebeke 
2009).

Another group of psylloids which are being accidentally introduced and estab-
lished in Europe are those associated with eucalyptus plantations. Th e psylloid sub-
family Spondyliaspidinae represents a group of insects associated with Myrtaceae, in 
particular with eucalyptus. Eucalypts, native to Australia, are planted for a variety of 
uses in many warmer regions throughout the Old and the New World. Th e com-
mercial value of selected species for the production of ornamental foliage used in the 
cut fl ower industry and/or for pulp timber production has resulted in the widespread 
planting of Eucalyptus trees. Psylloids associated with such host-plants, have become 
established outside their native range and are sometimes responsible for severe damage 
to such plantations (Burckhardt and Elgueta 2000). One such psylloid is  Blastopsylla 
occidentalis described from Australia, New Zealand and California, and subsequently 
reported from Mexico, Brazil and Chile (Burckhardt and Lauterer 1997). Th e species 
was recently reported in Italy (Laudonia 2006) and most likely this psylloid is already 
established in other Mediterranean countries. Glycaspis  brimblecombei, commonly 
known as the Redgum Lerp Psyllid, originally described from Brisbane in Australia, 
is also expanding its range with records from Mauritius and California (late 1990s), 
and it has recently been intercepted in Spain and Portugal (Valente and Hodkinson 
2008). Th e Redgum Lerp Psyllid is becoming a major ornamental pest of Red Gum 
Eucalyptus, but also occurs on Sugar Gum, Glue Gum and other Eucalyptus spp. Th ree 
species of Ctenarytaina also established in Europe, the fi rst being C.  eucalypti, com-
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monly known as the Eucalyptus psyllid. Originally described from specimens collected 
on blue gum in New Zealand, this species was fi rst introduced into southern England, 
northern France and South Africa as early as the 1920s (Laing 1922, Mercier and 
Poisson 1926, Pettey 1925). Th is psylloid pest expanded and its current distribution 
includes France, Germany, Italy, Portugal, Madeira, the Azores, Spain, the Canary 
Islands, Switzerland and Great Britain (Hodkinson 1999, Wittenberg 2005). Th e two 
other species of Ctenarytaina have been introduced more recently. C.   spatulata was fi rst 
reported from France and Italy (Costanzi et al. 2003) and later from Portugal (Valente 
et al. 2004) and Spain (Mansilla et al. 2004), whereas C. peregrina was fi rst intercepted 
and described from England (Hodkinson 2007) and recently reported from France 
and Italy (Cocquempot and Constanzi (Unpubl.)).

Th e genus Cacopsylla includes more than 100 described species distributed mainly 
in the Holarctic Region, with species that penetrate the Oriental, Afrotropical and 
Neotropical Regions. Cocquempot and Germain (Cocquempot and Germain 2000) 
recorded Cacopsylla  fulguralis, a species native to western Asia, for the fi rst time from 
France and subsequently the species was found in Belgium (Baugnée 2003), Italy (Süss 
and Salvodelli 2003), Spain (Cocquempot 2008), Switzerland (Cantiani 1968) and 
the United Kingdom (Malumphy and Halstead 2003). Cacopsylla pulchella, a species 
strictly associated with the Juda’s tree (Cercis siliquastrum L.) is probably native to the 
Eastern Mediterranean basin but since the 1960s the species was found in various local-
ities in Central and Northern Europe (Cantiani 1968, Hodkinson and White 1979b).

Th e family Triozidae is the second largest family of Psylloidea with some 1,000 
described species accommodated in 50 poorly diagnosed genera (Hollis 1984) with a 
worldwide tropical/temperate distribution. Species utilise host plants in a wide variety 
of families but never on legumes and many species produce characteristic galls on their 
host-plants. Four species are recorded as alien for Europe. Trioza neglecta was intro-
duced to Europe from south-western and Central Asia, the area of its origin, with its 
host plant, Elaeagnus angustifolia L. grown as an ornamental shrub in parks and along 
roads. It is now widely distributed from Georgia, Armenia, Azerbaijan, Iran and Ana-
tolia through Russia, Ukraine, Moldavia, Bulgaria, the former Yugoslavia and Roma-
nia to Central Europe (Hungary, Slovakia, the Czech Republic, Austria) (Lauterer and 
Malenovský 2002b). Th e other two introduced triozid psylloids include T. erytreae and 
T.   vitreoradiata, both of economic importance and which are treated in detail under 
section 9.4.8. An additional triozid species, Bactericera tremblayi (Wagner), was includ-
ed in the list of aliens of the DAISIE ‘Handbook of alien species in Europe’ (DAISIE 
2009) but was removed from the present list. Th is species was abundant in Southern 
Italy and caused problems on onions since the late 1950s. However, around 1980 the 
populations of this species declined and now the species seems to be rare and localised. 
According to Tremblay (1988) the species could have been a recent introduction in 
Italy from the former USSR. Th ere is not much to sustain such a statement given the 
fact that apart from Italy, the species is known to occur in Switzerland, France, Turkey, 
Iran and questionably from Syria and also because the species is polyphagous on her-
baceous plants (Burckhardt and Mühlethaler 2003, Lauterer et al. in prep).
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In addition, several other psylloid species can be considered as alien in Europe. 
One is a species from the small Homotomidae family, which includes 80 described 
species in the world, accommodated in 11 genera. Host plants all belong to the Mora-
ceae family, and mainly to the genus Ficus. Most known larvae are free-living, although 
some live in colonies under communal lerps and very few species are gall-inducers. 
Most species have a pan-tropical distribution but Homotoma  fi cus (L.), a native of 
Central-Southern Europe and the Middle East feeding on Ficus carica L., has been 
introduced in Southern England where it seems to be confi ned (Hodkinson and White 
1979a). It is alien to North America (Hollis and Broomfi eld 1989).

In the same category of alien in Europe are two Psyllidae species. Calophya rhois 
(Löw), a southern-European species, was reported as introduced in Britain on the basis 
of a single record from Scalpay in the Hebrides (Hodkinson and White 1979a). Th e ge-
nus Calophya is species-poor and distributed in the Neotropical, Holarctic and Oriental 
Regions with jumping plant-lice associated mainly with Anacardiaceae. Livilla   variegata 
(Löw), is probably native to Eastern Europe. Th e species is known from France, Italy, 
Switzerland, Bosnia, Romania, Spain, Great Britain, Hungary, Germany, Austria and 
the Czech Republic (Hodkinson and White 1979b, Lauterer and Malenovský 2002b). 
Th is species is strictly oligophagous on Laburnum anagyroides Medik. and L.. alpinum 
(Mill.) Bercht. & Presl., and it is already a widespread element in Central Europe, 
where it colonises its host plant, L. anagyroides, an introduced Mediterranean ornamen-
tal tree commonly planted in parks and gardens, towns and villages and on roadsides. 
Th e introduction and spread of L.   variegata in Central Europe escaped the notice of 
entomologists, similar to what happened in England, where it was collected for the fi rst 
time in 1978 (Hollis 1978), but by which time it was already widespread in that coun-
try. A last species, Trioza alacris Flor, is most likely of Mediterranean origin but was 
introduced throughout central and Northern Europe (only in greenhouses or on laurels 
placed temporarily outside during summer) on cultivated bay laurel. It mostly develops 
on Laurel (Laurus nobilis L.) but is also reported on L. azoricus Seub., producing char-
acteristic large leaf galls by rolling the leaf margins down to the lower leaf surface. Most 
probably the earliest record in Central Europe was that of Schaefer (1949) with material 
collected from Switzerland in 1917. Th e species was also introduced in USA (California 
and New Jersey), Brazil, Chile and Argentina (Conci and Tamanini 1985).

9.4.2.3. Phylloxeroidea

– Adelgidae

Following the 2007 revision by Havill and Footit (2007), a total of 9 adelgid species 
were identifi ed as alien to Europe, including 6 species in the genus Adelges (subgenera 
Cholodovskaya, Dreyfusia, and Gilletteella) and 3 species in the genus Pineus (subgenera 
Pineus and Eopineus). At present, these alien species represent 36% of the total adelgid 
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fauna observed in Europe (Figure 9.4.1). Most of them were introduced during the 
late 19th century- early 20th century alongside with their exotic conifer host trees which 
were massively used at that time for aff orestation in Europe, e.g. Douglas-fi r (Pseu-
dotsuga menziesii Mirb. (Franco)) for Adelges  cooleyi (Chrystal 1922) and A.  coweni 
(Roversi and Binazzi 1996), Caucasian fi r (Abies nordmanianna Spach.) for Adelges 
(Dreyfusia) nordmanianna (Marchal 1913) , A. prelli (Eichhorn 1967) and A. merkeri 
(Binazzi and Covassi 1988), and oriental spruce, Picea orientalis (L.) Link., for  Pineus 
orientalis. Some other species were introduced along with ornamental trees originating 
from North America such as Pineus (Eopineus) strobi with the eastern white pine, Pinus 
strobus (Steff an 1972), and    Pineus similis with Sitka spruce, Picea sitchensis (Bong.) 
Carrière (Carter 1975, Carter 1975). A majority (fi ve out of nine) of the alien species 
are holocyclic, one is anholocyclic of fi rst type developing entirely on Picea (   Pineus si-
milis) and three anholocyclic of second type developing entirely on Pseudotsuga (Adelges 
 coweni), Larix (A. viridula) or Pinus strobus (  Pineus strobi).

In addition, several adelgid species native of the Alps and/or Central Europe can 
be considered as alien in Europe. Th eir primary host is mostly spruce (Picea), and then 
larch (Larix), fi r (Abies), or pine (Pinus). Th ey include Adelges (Adelges) laricis Vallot, 
which accompanied the plantations of larch in the lowlands (Glavendekić et al. 2007, 
Hill et al. 2005), and several species introduced from continental Europe to Great 
Britain, i.e. Adelges (Adelges) piceae Ratzeburg, A. (Sacchiphantes) abietis L. , A. (Sac-
chiphantes) viridis Ratzeburg , and Pineus pineoides Cholodkovsky (Hill et al. 2005). 
Similarly, the alpine Pineus  cembrae (Cholodokovsky) colonized the Faroe islands with 
Swiss stone pine, Pinus cembra L. Adelges (Aphrastasia) pectinatae (Cholodkovsky), a 
species which develops on spruce and fi r was fi rst considered as an alien in Europe 
(DAISIE 2009) having established in Central and Northern Europe, including the 
Baltic countries (Gederaas et al. 2007, Holman and Pintera 1977). However, its origin 
is diffi  cult to be ascertained since Havill and Footit (2007) indicated ‘Europe, China 
and Japan’.

– Phylloxeridae

Th ere are two species of phylloxerans alien to Europe with regard to 15 native species 
(Figure 9.4.1). Moritziella  corticalis is of unknown origin (cryptogenic) and was fi rst re-
ported as introduced in Britain (Barson and Carter 1972). Th e genus Moritziella accom-
modates two species living on Fagaceae. Th ey are distinguished from Palaearctic species 
of Phylloxera by the absence of abdominal spiracles on segment 2–5 and by the presence 
of numerous well-developed, pigmented dorsal tubercles. Generic distinction between 
North American species of Phylloxera and Moritziella is however not satisfactory.

Th e other species is the well-known ‘Phylloxera’, Viteus   vitifoliae (=Dactylosphaera 
  vitifoliae) which has devastated the European vineyards at the end of 19th century. Th e 
genus Viteus is a monotypic genus, the alatae* of which have paler abdominal stigmal* 
plates and a shorter distal sensorium* on the third antennal segment than the common 
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European Quercus-feeding Phylloxera. Viteus   vitifoliae typically goes through a two-year 
cycle involving a sexual phase and leaf-galling and root-feeding stages on American 
vines. On European vines it normally lives continuously on the roots, reproducing 
parthenogenetically. Leaf-galls occur in Europe on cultivars derived from hybrids be-
tween Vitis vinifera L. and American vines. Th e economic signifi cance of this species is 
discussed in some detail under section 9.4.8.

9.4.2.4. Auchenorrhyncha

A total of 12 species alien to Europe have been considered (Figure 9.4.1). Not surpris-
ingly most of them belong to the species- rich family of Cicadellidae (17,000–20,000 
worldwide; 1,236 species in Europe). Other families are represented only by a single 
species in each.

Within Cicadomorpha, the Cicadellidae (leafhoppers) is the largest family with 
50 subfamilies and 17,000–20,000 described species. Leafhoppers live in all zooge-
ographical regions and feed on a wide range of host plants, though individual species 
have often trophically and geographically restricted ranges (Dolling 1991, Nielson 
1985). Cicadellidae varies in body length from 2–30 mm. Leafhoppers feed on a large 
range of plants (grasses, herbaceous plants, trees and shrubs). Th e majority of leaf-
hoppers feed on phloem, some on xylem (especially the subfamily Cicadellinae), and 
only members of the subfamiliy Typhlocybinae are specialised parenchyma-feeder. 
Leafhoppers are well known vectors of plant diseases and of economic importance 
worldwide. For some leafhopper species migratory behaviour is documented (Della 
Giustina 2002). Eight leafhopper species are certainly alien to Europe. Probably most 
famous is the Rhododendron leafhopper, Graphocephala  fennahi, a native to North 
America. Th e species was fi rst reported from southern England in the 1930s but it 
crossed the Channel only after 1960, to the Netherlands from where it spread rapidly 
within continental Europe. Two other North American species, Scaphoideus   titanus 
and Erythroneura   vulnerata, are pest species on grapes. Especially Scaphoideus   titanus 
has become an important pest since it is the vector of ‘fl avescence dorée’ phytoplasma 
to grapevine. Th e Neartic leafhopper Kyboasca  maligna does not seem to be problem-
atic as an alien species to Europe for the time being. From Eastern Asia four cicadellid 
species have been introduced: Japananus  hyalinus, Macropsis  elaeagni, Orientus  ishidae 
and Igutettix oculatus. None of them have yet been found to transmit plant diseases 
in Europe and are therefore not of economic importance. O.  ishidae was only recently 
reported new to Europe (Günthart et al. 2004) but is spreading rapidly in Europe 
(Switzerland, Italy, Germany, Slovenia, France, Austria, Czech Republic). I. oculatus 
(=Vilbasteana oculata (Lindberg)) is originally an eastern Palaearctic species which was 
fi rst found in Moscow in 1984 and is now spreading to the west (Finland (Söderman 
2005)). It lives on Syringa.

With around 3,200 described species Membracidae is the largest family of tree-
hoppers. Membracids are widespread worldwide but only few species occur in Eu-



David Mifsud et al. /  BioRisk 4(1): 511–552 (2010)524

rope. Th is family is most diverse in the Neotropics and North America. Characteristic 
is the enlarged pronotum with sometimes bizarre shaped extensions and elongations. 
Th ey are medium sized with a body length of 2–24 mm. As with other members of 
Cicadomorpha, Membracidae lay their eggs into living plant tissue. If populations 
are too big this can cause serious damages to the host plant and therefore can be re-
garded as crop pests (e.g. apple trees, see e.g. (Arzone et al. 1987)). Only four species 
are native to Europe. One species (Stictocephala  bisonia) was introduced from North 
America.

Th e Fulgoromorpha group yet contributed for only three species alien to Europe, 
with one per family Delphacidae, Flatidae and Acanaloniidae, to be compared to 727 
species native in Europe. Delphacidae are characterized by a moveable spur on the 
hind tibia. Species are generally small (2–6 mm) and are widely distributed also in 
colder regions. Worldwide around 1,500 delphacid species are described. Th ey feed 
on monocotyledons and are economically important as pest species on rice, maize, 
wheat and sugarcane. Nilaparvata  lugens (Stål) for example is a serious pest of rice 
in Asia (O’Brien 2002, Wilson and Claridge 1991). In Europe there are some 260 
species. Only one alien delphacid has established in Europe,    Prokelisia marginata, 
which was fi rst found on the Algarve (Portugal) in 1994 and in Spain in 1998 (un-
published data M.R. Wilson). In Slovenia a well established population was found 
in 2004 (Seljak 2004). New, unpublished records are from southern England (2008) 
and France (2009). It is very likely that this planthopper is expanding its range rapidly 
along the European coasts.

Species of the family Flatidae have often colourful opaque wings and can be dis-
tinguished from other Fulgoromorpha by the numerous parallel crossveins along the 
costal margin of the forewing and a single spine at each side of the second tarsomere 
of the hind leg. Th e body size varies between 4.5–32.0 mm. Flatids feed on diff erent 
shrubs, trees and herbs (O’Brien 2002). Th e North American Metcalfa pruinosa has 
been introduced to Europe probably in plant material and was fi rst recorded in Italy 
in 1983. From there it is spreading rapidly to the rest of southern Europe (France, 
Slovenia, Switzerland, Austria, the Czech Republic) causing damages on grapes (Della 
Giustina 1986, Dlabola 1981, Holzinger et al. 1996, Lauterer and Malenovský 2002a, 
Mani and Baroffi  o 1997, Seljak 2002).

Th e Acanaloniidae is a small family of Fulgoromorpha with c. 80 described spe-
cies accommodated in 14 genera. In general they resemble fl atid planthoppers. Th is 
family is not native to Europe and the north American species Acanalonia  conica was 
only recently introduced into northern Italy (D’Urso and Uliana 2006). A.  conica has a 
similar biology to Metcalfa pruinosa and can often be found in mixed nymphal feeding 
groupings with the latter (Wilson and MacPherson 1981). Th erefore this species could 
potentially be another pest insect for European vineyards.

Tropiduchidae is a small family within the Fulgoromorpha with some 400 de-
scribed species worldwide. Body size varies between 5–13 mm; the mesonotum with 
its apical angle is separated by a transverse groove. Th ey feed on ferns, palms, grasses 
and Dicotyledonae (O’Brien 2002). Ommatissus lybicus Bergevin, the dubas bug, was 
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for a long time regarded as a variety of O.  binotatus Fieber (but see Asche and Wilson 
1989). O. lybicus is a severe pest of date palms in the Middle East causing the death 
of trees. O.  binotatus was described from Spain and feeds on Chamaerops  humilis L. It 
was also found in Sicily and Portugal and is a native European species and should be 
deleted from the DAISIE list.

Species with an Eurosiberian or a Holarctic distribution, Edwardsiana ishidai Mat-
sumura and Kyboasca bipunctata (Oshanin), have been excluded from Table 9.4.1. 
Other leafhopper species with a doubtful alien status include: Cicadulina bipunctata 
(Melichar), a North African species which occurs also in the eastern Mediterranean; 
Empoasca punjabensis Singh-Pruthi, originally described from India but is also reported 
from the southern parts of European Russia , Ukraine, Bulgaria, Serbia and Greece; 
Jacobiasca lybica (Bergevin & Zanon), another North African species which is reported 
from other Mediterranean regions (Sicily, Sardinia and Greece); Melillaia desbrochersi 
(Lethierry), a North African species also reported from Greece, Sicily and Corsica; 
Psammotettix saxatilis Emeljanov, described from Kazakhstan and found in France but 
possibly conspecifi c with P. sierranevadae Dlabola from Spain.

Th ere are some papers reporting mainly records of Mediterranean Auchenorrhyn-
cha new to Northern European regions (Maczey and Wilson 2004, Nickel and Holz-
inger 2006, Wilson 1981). Due to lack of suffi  cient historical information on the dis-
tribution of most Auchenorrhyncha species it is diffi  cult to determine if anthropogenic 
factors and/or climatic infl uence are the main causes of range extension. Th ere are for 
example some southern European Eupteryx species, which appear to have become in the 
last decades more common in central Europe or even extended their range to northern 
latitudes such as Denmark and the UK. Th ese species may exploit certain man made 
habitats, e.g. in greenhouses where herbal plants are cultivated (such as Lamiaceae 
e.g. Melissa, Oreganum, etc.) but may also build up localised ‘wild’ populations. Such 
populations may be stable over years under good environmental conditions but can 
also easily break down depending on several conditions including weather, pressure of 
predators, parasites and others. Continental European Auchenorrhyncha species intro-
duced to European islands are also excluded of this overview. Th us, fi ve Cicadellidae 
species (Empoasca pteridis (Dahlbom), Grypotes puncticollis (Herrich-Schaff er), Iassus 
scutellaris (Fieber), Placotettix taeniatifrons (Kirschbaum) and Wagneripteryx germari 
(Zetterstedt)) are reported to be alien in the UK (Stewart 1993). On the other hand it 
is very likely that Philaenus spumarius L. (Aphrophoridae) was introduced into Iceland 
in the late 1970s.

9.4.3 Temporal trends of introduction in Europe of alien species of Aley-
rodidae, Psylloidea, Phylloxeroidea, and Auchenorrhyncha

Th e fi rst records in Europe are approximately known for 60 of the 64 species consid-
ered here. Dates given are relatively imprecise, as most of these tiny species have prob-
ably been introduced several years before they were reported.
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Th e number of new records per time period largely diff ered among Aleyrodidae, 
Psylloidea, Phylloxeroidea and Auchenorrhyncha (Figure 9.4.2.). Th e arrival of alien 
phylloxerans and adelgids appeared to peak during the fi rst part of the 20th century. 
Some species such as the Grape Phylloxera, Viteus vinifoliae, and the silver fi r adelgid, 
Adelges nordmannianae, arrived earlier in the 19th century but most species, especial-
ly the ones associated with Douglas-fi r (Adelges  cooleyi and A.  coweni) were probably 
introduced in the early 1900s. Only one new species having been introduced later 
(   Pineus similis in 1971), and apparently none during the last ten years.

In contrast, the mean number of new records per year of Aleyrodids, Psylloids 
and Auchenorrhyncha increased regularly from the 1950s. For these three groups, an 
average of 0.5–0.6 new alien species has been recorded per year in Europe since 2000. 
Th e fi rst documented introduced alien Auchenorrhycha to Europe was Stictocepha-
la  bisonia (at that time under the name Ceresa bubalus) in eastern Europe (former 
Austro-Hungarian Empire) in 1912 (Horvaáth 1912). Th is treehopper was probably 
introduced with fruit tree cuttings and is now widespread all over Europe except the 
northern regions. It was followed by another North American species, Graphocephala 
 fennahi, which was fi rst found on rhododendrons in southern England in 1933. Since 
then other Auchenorrhyncha species from North America or East Asia have been in-
troduced mainly to Central or Southern Europe benefi ting from international trade of 
plants. In the case of Scaphoideus   titanus it seems that this species had a fi rst ancient 
introduction followed by multiple colonization events (Bertin et al. 2007).

Figure 9.4.2. Temporal changes in the mean number of new records per year of Aleyrodidae, Psylloidea, 
Phylloxeroidea (Adelgidae/ Phylloxeridae) and Auchenorrhyncha alien to Europe from 1800 to 2009. Th e 
number right to the bar indicates the total number of species recorded per time period.
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 9.4.4 Biogeographic patterns of the Aleyrodidae, Psylloidea, Phylloxeroi-
dea, and Auchenorrhyncha alien to Europe

9.4.4.1 Origin of alien species

Th e region of origin of the alien species largely diff ers between groups (Figure 9.4.3). 
Aleyrodids and psylloids mainly originated from tropical regions, the Neotropics and 
Australasia, respectively. Adelgids and phylloxerans came equally from North America 
and Asia, mostly because a number of adelgids were introduced from the Caucasus 
Mountains together with their conifer hosts. In contrast, most of the alien Auchenor-
rhyncha have a North American origin. For a few species, the area of origin remains 
uncertain.

9.4.4.2 Distribution of alien species in the European countries

For whitefl ies and psylloids, the distribution of alien species to Europe or to certain 
parts of Europe has been highlighted and documented in 9.4.2 and is also presented in 
Table 9.4.1. Most of the alien species of aleyrodids, psylloids, phylloxerans and adelgids 
did not spread largely within Europe yet. Indeed, 31 species out of 52 (i.e., 60%) have 
colonized less than fi ve European countries. Only 4 species, two aleyrodids (  Bemisia ta-

Figure 9.4.3. Comparative origin of the Aleyrodidae, Psylloidea, Phylloxeroidea (Adelgidae/ Phylloxeri-
dae) and Auchenorrhyncha species alien to Europe
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baci and Trialeurodes   vaporariorum), one phyloxeran (Viteus vinifoliae) and one adelgid 
(Adelges nordmannianae) have colonized more than 20 countries (Table 9.4.1).

Due to the lack of comprehensive data we cannot give appropriate information on 
the distribution of alien Auchenorrhyncha in Europe. However three species (Scaphoi-
deus   titanus, Metcalfa pruinosa and recently Acanalonia  conica) could have fi rst estab-
lished in the Mediterranean region from where they spread northbound. Other species 
expanded their range from eastern Europe (Stictocephala  bisonia, Macropsis eleagni) or 
central Europe (Japananus  hyalinus, Orientus  ishidae), one species started from the UK 
(Graphocephala  fennahi). It is also possible that some of the alien species had multiple in-
troductions (Scaphoideus   titanus,    Prokelisia marginata). Generally the introduced species 
could spread easily as long as the environmental conditions are appropriate for them (cli-
mate, host plants, etc.). Five out of the 12 alien species spread in more than 10 countries, 
with Stictocephala  bisonia having expanded in 26 countries and islands (Table 9.4.1).

9.4.5 Pathways of introduction to Europe of the alien species of Aleyro-
didae, Psylloidea, Phylloxeroidea, and Auchenorrhyncha

Most alien species of whitefl ies, psylloids, phylloxerids and adelgids were accidentally 
introduced with their host plant. In most circumstances such introductions occurred 
via trade of the host plant or of parts of the host plants such as fruit or cut fl owers.

It is reported that Auchenorrhyncha can migrate. Usually they are short-distance 
migrants to leave non-permanent habitats but some species are able to migrate over 
long distances (Della Giustina 2002). Th e probably most amazing example is the ci-
cadellid Balclutha pauxilla Lindberg which invaded in swarms the Ascension Island in 
the Atlantic Ocean (about half way between South America and Africa) in 1976. Th e 
specimens must have fl own more than 2,000 km over the sea probably coming from 
Africa (Ghauri 1983).

Despite of the fact of possible migration, alien Auchenorrhyncha certainly profi t of 
the worldwide trade of fruit trees, vine cuttings and ornamental plants. Especially eggs 
in the plant tissue can survive the transport even over long distances and time. Once 
arrived, the nymphs hatch and without their specifi c parasites they can build up strong 
populations. Not surprisingly some alien Auchenorrhyncha were fi rst found around 
harbours (e.g.    Prokelisia marginata) or cities (Orientus  ishidae), an unmistakable trace 
of their pathway of introduction.

9.4.6 Ecosystems and habitats invaded in Europe by the alien species of 
Aleyrodidae, Psylloidea, Phylloxeroidea, and Auchenorrhyncha

Apart from those species so far intercepted only in greenhouses and of which no 
reports exist of their establishment in Europe, the other introduced species of the fi ve 
groups treated in this account are often confi ned to few related host plants. For exam-
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ple, several species of whitefl ies which in their area of origin are highly polyphagous 
have shown to be strictly oligophagous in their new territories, occurring mainly on 
Citrus and some other woody hosts.

Th us, the major part of these alien species is presently observed in man-made 
habitats, especially in parks and gardens where a number of exotic plants have been 
planted (Figure 9.4.4). Natural and semi-natural habitats are yet little colonized by 
alien Auchenorrhyncha and psylloids (<20%) and quite none by aleyrodids. A notice-
able exception concerns adelgids because of their association with conifer trees used 
for aff orestation. More than 60% of the alien adelgids are thus found in forest habitats 
together with fi r, spruce and larch trees.

Interestingly so far only one grassland species (   Prokelisia marginata) was introduced 
to Europe. Th is species lives originally in salt marshes along the East-Coast of North 
America and is associated with Spartina grasses. All other alien Auchenorrhyncha colo-
nize mainly anthropogenic habitats (vine yards, orchards, gardens, parks). Some of 
them are polyphagous and can therefore also be found in natural environments (e.g. 
Stictocephala  bisonia in dry habitats or Orientus  ishidae on willows and birch trees).

9.4.7 Ecological and economic impact of the alien species of Aleyrodi-
dae, Psylloidea, Phylloxeroidea, and Auchenorrhyncha

In terms of economic losses, the two most important whitefl ies in Europe are Trialeu-
rodes   vaporariorum, commonly known as the glasshouse or greenhouse whitefl y and 
  Bemisia tabaci, commonly known as the Cotton Whitefl y. T.   vaporariorum is a member 
of a North American species-group. It was however described in 1856 from England, 
at which time the species was an already widespread and established pest. B. tabaci, 

Figure 9.4.4. Main European habitats colonized by the established alien species of Aleyrodidae, Psyllo-
idea, Phylloxeroidea (Adelgidae/ Phylloxeridae) and Auchenorrhyncha. Th e number over each bar indi-
cates the absolute number of alien species recorded per habitat. Note that a species may have colonized 
several habitats.
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Figure 9.4.5. Aleyrodid species alien to Europe. a   Aleurocanthus spiniferus adult b   Aleurocanthus spinifer-
us puparium c   Aleurocanthus spiniferus puparium from palm leaf (East-Timor) d Acaudaleyrodes rachipora 
puparium on leaf of Argania (Agadir, Morocco) e Aleurothrixus  fl occosus puparium on leaf of Citrus re-
ticulata (France) f Aleurodicus  dispersus puparium from leaf of Psidium gajava (Martinique) g Aleurodi-
cus  dispersus puparium on leaf of Psidium gajava (Martinique) h Aleurodicus  dispersus damage on palm 
leaf i Aleurodicus  dispersus damage on leaf j   Bemisia tabaci from Th ailand intercepted at Roissy airport, 
France on leaf of Eryngium foetidum k Trialeurodes   vaporariorum adults and puparium on leaf of Fragaria 
(France). (Credit: a, b, h, i - Francesco Porcelli; c, d, e, f, g, j, k - LNPV Montpellier).
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Figure 9.4.6. Psylloid species alien to Europe. a Acizzia  jamatonica adult on leaf of Albizia (Bordeaux, 
France) b Acizzia  jamatonica immature on leaf of Albizia (Bordeaux, France) d Trioza   vitreoradiata male 
under a leaf of Pittosporum tobira e Trioza   vitreoradiata female. (Credits: a, b - LNPV Montpellier; 
c, d - Jean-Marie Ramel and Christian Cocquempot).

a b

c d

probably of Asian origin, is now virtually cosmopolitan, usually found under glass in 
areas with continental climates. Several biotopes of this species are known (De Barro et 
al. 1998) and this taxon is known to transmit geminiviruses to cultivated plants of vari-
ous unrelated groups (Bedford et al. 1994) and is a serious pest of both open-air and 
protected cropping. Some of the “emerging” whitefl y pests in Europe may also prove 
to be of high economic impact to European agriculture and within this group the most 
promising species seems to be   Aleurocanthus spiniferus.

One of the most important species of psylloid in terms of economic losses is Trioza 
erytrea, a native to the Afrotropical Region. Th is species is a major pest of citrus plan-
tations, but in its native range is also known to develop on Vepris undulata (Th unb.) 
Verdoorn & C.A. Sm. Zanthoxylum (=Fagara)  capense (Th unb.) Harvey and Clausena 
anisata (Willd.) Hook. f. ex Benth. (Hollis 1984). Th e main economic importance of 
T. erytreae is as vector of the citrus disease caused by citrus greening bacterium (also 
transmitted by the psylloid, Diaphorina citri Kuwayana). Both psylloids are listed as A1 
quarantine pests by EPPO and other phytosanitary organisations. Isolated outbreaks of 
this species were fi rst noted in Europe in Madeira in 1994 and it seems that the species is 
now established on both the Canary Islands and Madeira (Borges et al. 2008, Gonzalez 
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Figure 9.4.7. Adelgid and phylloxeran species alien alien to Europe. a, b - Viteus   vitifoliae on roots of 
Vitis vinifera (France) c V.   vitifoliae  from galls on leaf of V.vinifera (France) (Credit: LNPV Montpellier) 
d Adelges  cooleyi on needles of Douglas-fi r (France) (Credit: A. Roques).

a

b

dc

2003). T. erytrea is also a species of considerable taxonomic interest as it is part of a com-
plex of species, all of which are diffi  cult to defi ne morphologically, but which have dis-
crete host plant preferences (Hollis 1984). Another important psylloid of economic sig-
nifi cance is Trioza   vitreoradiata, a species native to New Zealand but recently established 
in Britain (Martin and Malumphy 1995), Ireland (O’Connor et al. 2004), and France 
(Cocquempot 2008). Th is psylloid is specifi c to Pittosporum where apart from direct loss 
by the plant in the form of sap depletion caused by the feeding activity of the psylloid, 
shallow pit galls are formed on young leaves, which remain visible for the life of the leaf. 
Sooty mould is also very common due to the large amounts of honeydew droppings on 
underlying leafs. Th e galling and presence of such sooty moulds make unmarketable 
ornamental plants of Pittosporum tenuifolium Gaertner, which are often grown for the 
cut-fl ower industry and also harvested for its foliage (Martin and Malumphy 1995).

Two of the introduced Auchenorrhyncha are of high economical importance. Both 
are regarded as pest species of vine. Scaphoideus   titanus is a vector of ‘fl avescence dorée’, 
a phytoplasma disease (grape vine yellows), which can cause big crop losses. Metcalfa 
pruinosa aff ects the plants directly. Strong populations can weaken the plant by suck-
ing and the excreted honeydew is medium for  fungi, which can cause reduction in the 
quality of the fruits.

Th e only phylloxerid of devastating economic signifi cance and which was the 
cause of much trouble for the wine industry in Europe was the Grape Phylloxera, Vi-
teus   vitifoliae. Th is serious pest of grapes originated in North America where the local 
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Figure 9.4.8. Auchenorrhyncha species alien to Europe. a Metcalfa pruinosa larvae b Metcalfa pruinosa 
adult c Graphocephala  fennahi adult d Orientus  ishidae adult e Scaphoideus   titanus adult f Stictocephala 
 bisonia adult. (Credit: a - LNPV Montpellier; b–f - Gernot Kunz)

vines evolved with it and are not severely damaged by its feeding activity. Th e species 
was accidentally introduced to Europe around 1860. In Italy, the species was fi rst re-
ported in 1879 and one year later it was also found in Sicily. In certain countries, pos-
sibly due to strict quarantine notices of this new pest, several years passed by before 
its introduction (e.g. in Malta, Grape Phylloxera was introduced in 1919 (Mifsud and 
Watson 1999)) but eventually the species was introduced everywhere. It invaded the 
Mediterranean Region, the Middle East, Africa, Korea, Australia, New Zealand and 
parts of South America. Grape Phylloxera feeds on species of Vitis including grape 
vines. Foliar attack does not seem to be unduly damaging, but asexual forms attack-
ing roots all year round can kill plants that did not originate from North America. 
Grafting European vines onto North American rootstocks has successfully solved this 
problem in the past, but concern has increased in recent years because this resistance 

a b

c d

e f
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is being broken in some parts of the World as new biotypes of Grape Phylloxera are 
evolving (King and Rilling 1985).

9.4.8. Conclusion

Only few European countries produced comprehensive lists of alien Aleyrodidae, Psyl-
loidea, Phylloxeroidea and Auchenorrhyncha. Most of these alien insects were prob-
ably introduced by plant material and once established could spread quickly into other 
European countries. Fortunately, only few species (Trioza erythrea, Trioza   vitreoradiata, 
Scaphoideus   titanus, Metcalfa pruinosas and Stictocephala  bisonia) have to be regarded as 
pest or potential pest species so far. However, recent introductions (Acanalonia  conica, 
Orientus  ishidae,    Prokelisia marginata) show that trade is the main factor of introduc-
tion and that at any time new problematic species can occur.

On the other hand we have still not suffi  cient information on the migration of 
Auchenorrhyncha within European regions. Several observations indicate that in the 
last decades Mediterranean species expanded their distribution to the North but it is 
not clear if they can establish wild populations or not. Usually these species profi t from 
anthropogenic habitats (e.g. agricultural areas and parks) and can cause problems. 
Th erefore we need to monitor species migration carefully.
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Glossary of the technical terms used in the book (marked by *)

Alatae: winged forms in aphids, adelgids, and other hemipterans.
Ampelophagous: related to the grapevine.
Anholocyclic: in cyclically parthenogenetic organisms, life cycles that do not include a sexual 

generation (e.g., in adelgids).
Archegonia: female multicellular egg-producing organ occurring in mosses, ferns, and most 

gymnosperms.
Archeozooan: an alien animal introduced to Europe since the beginning of the Neolithic 

agriculture but before the discovery of America by Columbus in 1492 (Daisie 2009).
Arrhenotoky: a common form of sex-determination in Hymenoptera and some other inver-

tebrates, in which progeny are produced by mated or unmated females, but fertilized eggs 
produce diploid female off spring, whereas unfertilized eggs produce haploid male off spring 
by parthenogenesis (only the females are biparental).

Carina (sg.), Carinae (pl.): a ridgelike structure (e.g. antennal longitudinal ridge).
Cercus (sg.), Cerci (pl.): paired sensory structures at the posterior end of some arthropods.
Clava: apically diff erentiated region (sometimes club-like) of the antennal fl agellum.
Dealate: having lost its wings; used for ants and other insects that shed their wings after the 

mating fl ight.
Declivity: posterior portion of the elytra that descends to its apex.
Domestic: living in human habitats.
Endofurca: the internal skeleton of the meso-and metathorax, that provides important muscle 

insertion points. In some thrips, the metasternal endofurca provides the insertion for pow-
erful muscles that are associated with a remarkable jumping ability of adults.

Endophytic (adj): living inside a plant.
Endopterygote: insect that undergoes complete metamorphosis, with the larval and adult 

stages diff ering considerably in their structure and behaviour.
Epigyne: the external female sex organ in arachnids.
Exarate: for a pupa, having the appendages free and not attached to the body (as opposed to 

Obtect).
Exopterygote: insect that undergoes incomplete metamorphosis. Th e young (called nymphs) 

resemble the adults but lack wings; these develop gradually and externally in a series of 
stages or instars until the fi nal moult produces the adult insect. Th ere is no pupal stage. 

Flagellum: the part of the antenna beyond the pedicel, which is diff erentiated into three re-
gions, the anellus, funicle and clava.

Frass: waste material produced by feeding insects, including excrement and partially chewed 
vegetation.

Funicle: region of the antennal fl agellum between the anellus and clava.
Gallicolae: leaf gall making forms; e.g., in phylloxerans.
Gnathosoma: anterior body region in mites.
Halobiont: an organism that lives in a salty environment. 
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Hemimetabolous: the type of insect development in which there is incomplete or par-
tial metamorphosis, typically with successive immature stages increasingly resembling the 
adult; see Exopterygote.

Holocyclic: in cyclically parthenogenetic organisms, life cycles that include a sexual genera-
tion (e.g., in adelgids).

Holoptic: as in fl ies, with compound eyes meeting along the dorsal midline of the head.
Hyperparasitoid: a parasitoid living on or in another parasitoid.
Idiobiont parasitoid: a parasitoid which prevents further development of the host after 

initial parasitization.
Idiosoma: abdomen of mites and ticks.
Kleptoparasitoid: a parasitoid which preferentially attacks a host that is already parasitized 

by another species.
Koinobiont parasitoid: a parasitoid which allows the host to continue its development and 

often does not kill or consume the host until the host is about to either pupate or become 
an adult.

Ligula: the apical lobe of the labium.
Megagametophyte: female haploid, gamete-producing tissue in conifers. 
Mesothorax: the second, and usually the largest, of the three primary subdivisions of the 

thorax in insects.
Mesonotum: the dorsal part of the mesothorax.
Metathorax: the third of the three primary subdivisions of the thorax in insects.
Metanotum: the dorsal part of the metathorax.
Moniliform: bead-like (as in antennae).
Mycangium (sg.), mycangia (pl.): usually complex structures on the insect body that are 

adapted for the transport of symbiotic fungi, usually spores. 
Neozooan: an alien animal introduced to Europe after the discovery of America by Colum-

bus in 1492 (Daisie 2009) .
Notaulix (sg.), Notaulices (pl.): one of a pair of grooves on the mesoscutum, from the 

front margin to one side of the midline and extending backward; divides the mesoscutum 
into three parts. 

Obtect: for a pupa, having the legs and other appendages fused to the body.
Oniscomorph: the state as in ‘pill’ millipedes of being able to roll up in a ball.
Opisthosoma: posterior part of the body in spiders and mites.
Paranota: lateral wings.
Parthenogenesis, parthenogenetic (adj.): the production of off spring from unfertilized 

eggs. Special cases of this state are arrhenotoky, pseudo-arrhenotoky, and thelytoky.
Phytoplasma: prokaryotes that are characterized by the lack of a cell wall, associated with 

plant diseases. 
Phytotelmatum (sg.), Phytotelmata (pl.): a small, water-fi lled cavity in a tree or any 

similar environment.  
Podosoma: anterior section of idiosoma in ticks; serving as connecting area for the four pairs 

of legs.
Porrect: extended, especially forward; e.g., porrect mandibles.
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Proctiger: the reduced terminal segment of the abdomen which contains the anus.
Prognathous: with the head more or less in the same horizontal plane as the body, and the 

mouthparts directed anteriorly.
Pronotum: the dorsal part of the prothorax.
Propodeum: the fi rst abdominal segment.
Prosoma: anterior part of the body in spiders and mites; also called cephalothorax.
Prothorax: Th e fi rst of the three primary subdivisions of the thorax in insects. 
Pseudo-arrhenotoky: A form of sex-determination (especially in some scale insects and 

mites) in which males and females arise from fertilized eggs and are diploid. However, 
males become haploid by inactivation of the paternal genomic complement.

Puparium (sg.), puparia (pl.): the enclosing case of a pupa.
Reticulate: net-like, anastomosing.
Rostrum: beak-shaped projection on the head; e.g., in weevils.
Scutellum: the middle region of the mesonotum or metanotum, behind the scutum.
Scutum: the anterior part of the mesonotum or metanotum.
Secondary pest: a pest that attacks only weakened plants. 
Sensorium: sensory structure present on antenna.
Siphunculi, siphuncular (adj.): pair of protruding horn-shaped dorsal tubes in aphids 

which secrete a waxy fl uid.
Spatula sternalis: median cuticular sclerite, often bilobed, on the ventral side of the prot-

horacic segment of the last instars of some midge larvae; plays a role in larval locomotion. 
Stigma: conspicuous, usually melanised area at the apex of a vein of the forewing, generally 

at the leading wing edge.
Sulcate: having narrow, deep furrows or grooves.
Synanthropic: ecologically associated with humans.
Tegula: Small, typically oval sclerite that covers the region of the mesothorax where the forew-

ing and thorax articulate.
Thelitoky: A form of sex-determination (especially in Hymenoptera Symphyta and Cynipi-

dae) in which only diploid female progeny are produced by parthenogenesis.
Termen: distalmost edge of wing.
Transhumance: in the case of hives, moving to new environments, according to the change 

in season. 
Xylophagous (adj.): feeding on wood.
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