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Abstract There are currently 1590 terrestrial arthro-
pod species identified as alien to Europe. Of these, 513
are predators or parasites. The largest group is the
insects (409 species), followed by spiders (47 species),
myriapods (34 species) and mites (23 species). The
species within these alien groupings are extremely
diverse, as highlighted by the large number of families
represented (115 families). The majority (66.1%) of
alien arthropod predator and parasite species arrived
unintentionally, but at least 174 (33.9%) have been
introduced intentionally, mainly for biological control
purposes. Assessment of the major invasion pathways
is difficult due to the lack of comprehensive informa-
tion but it is likely that the majority of predatory or
parasitic alien arthropods arrive through leading-edge
dispersal or as contaminants and stowaways. The
number of new species arriving in Europe has
progressively increased since 1500, with the increase
in global trade over the last century accelerating this
rate of increase. Only a small number of alien predatory
and parasitic arthropods in Europe have been shown to
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cause either an ecological or economical impact, yet
knowledge is severely limited by a paucity of data.
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Introduction

The Delivering Alien Invasive Species Inventory for
Europe (DAISIE) project provides an outstanding
resource for synthesising trends in biological invasions
in Europe (DAISIE 2009; Hulme and Roy 2010;
Roques et al. 2010). The infrastructure of DAISIE was
achieved through a consortium of researchers from 19
institutions and 15 countries across Europe resulting in
182 individual contributors of data. DAISIE comprises
an inventory, distribution maps (on a country-scale)
and accounts for a selection of alien species across
Europe. The DAISIE inventory, The European Alien
Species Database (http://www.europe-aliens.org/),
was compiled from national and regional lists of alien
fungi, bryophytes, vascular plants, invertebrates, fish,
amphibians, reptiles, birds and mammals. The alien
terrestrial invertebrates proved to be a major challenge
because there were no checklists available for this
group even though invertebrates comprise the largest
proportion of alien animals (Nentwig and Josefsson
2010) and are one of the taxonomic groups with the
most species causing impacts (mainly economical) in
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Europe (Hulme and Roy 2010). Here we review the
DAISIE inventory, using its recent update of alien
arthropods by Roques et al. (2010), to provide a review
of the established (self-sustaining populations in the
wild) alien arthropod predators and parasites (mostly
parasitoids).

Alien arthropod predators and parasites

Alien arthropod predators and parasites are a particu-
larly interesting group to consider because they
generally have a positive impact on the economy or
environment (through introduction as biological con-
trol agents for the control of pest insects) but, in a few
cases, can also have negative impacts (through inter-
ference with other beneficial insects). There are many
examples of predators and parasitoids providing cost-
effective biological control particularly in glasshouse
systems (van Lenteren 2007; De Clercq et al. 2011).
However, there are a few examples of a biological con-
trol agent becoming a pest and threatening non-target
organisms (Kenis and Branco 2010). The harlequin
ladybird, Harmonia axyridis Pallas (Coleoptera:
Coccinellidae) is one such example (Roy and
Wajnberg 2008). The release of generalist predators,
such as H. axyridis, is extremely risky and can impact
on ecosystem services and processes through trophic
cascades (Kenis and Branco 2010).

There are currently 1590 terrestrial arthropod
species identified as alien to Europe (Roques 2010).
Of these, 513 are predators or parasites, mainly
parasitoids but also some mites (Table 1). The largest
group is the insects (409 species constituting 79.7%),
followed by spiders (47 species constituting 9.2%,
data from Nentwig and Kobelt 2010), myriapods (34
species constituting 6.6%, data from Stoev et al.
2010) and mites (23 species constituting 4.5%, data
from Navajas et al. 2010) as the next most speciose
groups. The taxonomy of species within these alien
groupings is extremely diverse, as highlighted by the
large number of families represented (115 families).
However, only 24 families have five or more species.
The richest families with respect to alien insect
species all belong to the Hymenoptera: Aphelinidae,
Encyrtidae, Formicidae and Eulophidae (Fig. 1a).
Furthermore, Hymenoptera constitute the largest
proportion of the alien insects (Fig. 1b, 259 species
constituting 63.3%, data from Rasplus et al. 2010)
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followed by Coleoptera (Fig. 1b, 62 species consti-
tuting 15.2%, data from Denux and Zagatti 2010; Roy
and Migeon 2010). The six additional insect orders
comprise less than 35 alien species each (Fig. 2, data
from Kenis and Roques 2010; Rabitsch 2010a;
Rasplus and Roques 2010; Reynaud 2010; Skuhrava
et al. 2010).

Invasion pathways

The majority (86%) of alien arthropods in Europe
arrived unintentionally but 14% were deliberately
introduced, mainly as biological control agents
(Rabitsch 2010b). It is, therefore, not surprising that
the proportion of alien predators and parasites intro-
duced intentionally is higher than for other functional
groups. At least 174 (33.9%) predatory and parasitic
species have been introduced intentionally, mainly for
biological control purposes, whilst 339 (66.1%) other
species arrived accidentally (Fig. 2). Roques et al.
(2009) reported the number of intentional introduc-
tions as only 131 alien terrestrial invertebrate species.
However, the analysis presented here is based on a
major update to the DAISIE inventory, undertaken to
account for the underestimation of hymenopteran
parasitoids released as biological control agents
but which subsequently established within Europe
(Roques 2010; Rasplus et al. 2010).

Species introduced intentionally as biological
control agents

The majority of predator and parasitoid species have
arrived into Europe unintentionally but intentional
introduction through the release of exotic (=alien)
biological control agents is undoubtedly an important
invasion pathway for many arthropod species into
Europe. The definitive pathways involved are diverse
and in some cases difficult to monitor (Rabitsch
2010b).

There is considerable variation between families in
the proportion of alien predator and parasite species
that have been intentionally introduced within
Europe. So, for example, a very high proportion
(approximately 90%) of alien parasitoids in the
family Aphelinidae found in Europe have been
intentionally introduced (Fig. 1b; from Rasplus
et al. 2010). This family comprises a diverse range
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Fig. 1 a Number of alien predator and parasite species within
the 24 arthropod families which are represented by five or
more alien parasites and predators in Europe (including major
islands). b Proportion of the alien predator and parasite
species within each family intentionally introduced to Europe
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Fig. 2 Number of alien parasite and predator species inten-
tionally and accidentally introduced to Europe (including
major islands) per insect order. Number above bars = per-
centage of parasite and predator species within the order from
the total number of alien parasites and predators (409 spp.).
Data from Denux and Zagatti (2010), Kenis and Roques
(2010), Rabitsch (2010b), Rasplus and Roques (2010),
Reynaud (2010), Roy and Migeon (2010), Skuhrava et al.
(2010)
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(including major islands). Number above the bar = total
number of species. Data from Denux and Zagatti (2010),
Kenis and Roques (2010), Navajas et al. (2010), Nentwig and
Kobelt (2010), Rabitsch (2010b), Reynaud (2010), Roy and
Migeon (2010), Skuhrava et al. (2010), Stoev et al. (2010)

of small parasitic wasps which have been widely used
in biological control. Encarsia formosa Gahan (Hyme-
noptera: Aphelinidae) is a well known example. It was
extensively introduced to control the glasshouse
whitefly Trialeurodes vaporariorum (Westwood)
(Homoptera: Aleyrodidae) (Vet et al. 1980; van
Lenteren et al. 1996; De Clercq et al. 2011) and now
established in the wild (Roques et al. 2009). The
Coccinellidae is another family for which the majority
of alien species (predatory ladybirds) have been
intentionally introduced as biological control agents
(Roy and Migeon 2010). Similarly the Trichogram-
matidae, small chalcid parasitic wasps, comprise a
group widely used in biological control strategies
(Smith 1996). In contrast, there are 42 species of alien
Formicidae (ants) in Europe and none are considered to
have been introduced intentionally but are likely to
have arrived as contaminants and stowaways (Rabitsch
2011).

Species introduced unintentionally
as contaminants and stowaways

Escape from captivity is a common pathway for
many alien species, including arthropods. Arthropods
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are rarely domesticated but insects used for biological
control in contained environments, such as glasshouses
and open fields are an important source of alien
introductions into Europe. The harlequin ladybird,
H. axyridis, was introduced into glasshouses as a
biological control agent of aphids but subsequently
escaped into the wider countryside and spread dramat-
ically across Europe (Majerus et al. 2006; Roy et al.
2006; Roy and Wajnberg 2008; Roy and Roy 2010; De
Clercq and Bale 2011; Evans et al. 2011a).

Many alien arthropods have arrived in Europe as
contaminants or stowaways with plants (including
fruit and vegetables), stored products or timber
(Rabitsch 2010b). However, the majority of these are
herbivorous insects. Honeybee imports are responsible
for the introduction of a number of infamous parasites
including the tracheal mite, Acarapis woodi (Rennie)
(Trombidiformes: Tarsonemidae), and Varroa destruc-
tor Anderson & Trueman (Parasitiformes: Varroidae)
(Coffey 2007). Hymenoptera have a history of intro-
duction as stowaways (Rabitsch 2010b). The oriental
mud dauber, Sceliphron curvatum Smith (Hymenop-
tera: Sphecidae), arrived with air cargo from Asia into
Austria. This predatory species feeds paralysed spiders
to its larvae within distinctive mud nests (Schmid-Egger
2004; Rabitsch 2010b).

Alien ants are among the most invasive species
globally (Holway et al. 2002; Rabitsch 2011). Colonies
are transported in the soil with ornamental plants or,
indeed, other plant material or anything that provides
shelter (Rabitsch 2010b). The expression “tramp ants”
is derived from this reliance on human-mediated
transport (Holldobler and Wilson 1990; Passera
1994). The Argentine ant, Linepithema humile (Mayr)
(Hymenoptera: Formicidae), arrived as a stowaway in
Madeira and mainland Portugal in the nineteenth
century (Rabitsch 2010b). Linepithema humile rou-
tinely move their nests and colonise potted plants and
refuse. This can facilitate dispersal through subsequent
human movement of the material (Rabitsch 2011).
Furthermore, L. humile can be transported as small nest
fragments on land vehicles and in sea freight. Only one
queen and ten workers are required for colony estab-
lishment (Suarez et al. 2001).

Invasion corridors

Transport routes can provide pathways for the move-
ment of alien species. Harmonia axyridis has been

found on trains, cars and boats and these mechanisms
have undoubtedly contributed to the dramatic spread of
this species across Europe (Roy et al. 2006; Brown
et al. 2008a). A number of other species are likely to
have benefited from global transport networks but it is
difficult to separate the role of the network from
contaminant and stowaway pathways (Roques et al.
2009; Rabitsch 2010b). For example, the alien mos-
quito Aedes albopictus Skuse (Diptera: Culicidae) is
reported to be transported by ship and aircraft traffic
(Tatem et al. 2006) but is also commonly implicated as
stowaways, for example in second-hand tyres and with
plants (Roques et al. 2009).

Leading-edge dispersal following intentional
and unintentional introduction

Alien species can arrive in a new region from a donor
region, where it is also alien, unaided. This is termed
“leading-edge dispersal” (Rabitsch 2010b; Lawson
Handley et al. 2011). The majority of alien arthropod
species in Europe are thought to have followed a
classic invasion route: introduction, establishment
and spread. However, acclimatization, whereby abi-
otic and biotic barriers to survival and reproduction
are overcome, is a fundamental process that alien
species have to achieve prior to establishment
(Richardson et al. 2000). The spread into neighbour-
ing countries is unsurprising once a species has
acclimated and established in one new region. Again
H. axyridis provides a well-studied example of a
species that has undergone leading edge dispersal
which has resulted in its spread across much of
Europe within two decades (Brown et al. 2008a;
Brown et al. 2011b; Lawson Handley et al. 2011).
Another example of a species that has spread rapidly
through leading edge dispersal is the fast spreading
Platygaster robiniae Buhl & Duso (Hymenoptera:
Platygastridae), a parasitoid of the black locust gall
midge, Obolodiplosis robiniae (Haldeman) (Diptera:
Cecidomyiidae). This parasitoid was accidentally
introduced from North America to Europe along
with its host. Obolodiplosis robiniae was first found
in Italy in 2003. It rapidly colonized most of Europe
within five years. However, the parasitoid was only
detected in 2005, again in Italy, but it quickly
followed the host expansion. In 2008, the host midge
and the parasitoid appeared simultaneously in Swit-
zerland and Montenegro (Glavendekic et al. 2010).
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Temporal trends

Many of the alien arthropods in Europe are often not
discovered until they are established and spreading
primarily because of the difficulties in determining
their introduction pathways (Roques 2010). There-
fore, it is difficult to determine the precise date of
arrival for many alien species. However, the DAISIE
inventory has the date of first record for 89.4% of the
1590 alien arthropods (Roques 2010). The proportion
of alien arthropod predators and parasites for which
there is a date of first record is similarly high
(88.1%). The number of new arrivals has been
progressively increasing since 1500, with the rate
accelerating during the last 100 years (Fig. 3). How-
ever, the 1980s appear to represent a peak: 66 alien
arthropod predators and parasites were recorded from
1980 to 1989. Although the total number of alien
arthropods recorded each year is still increasing (with
approximately 20 new species recorded in the period
2000-2008) this is mainly attributed to phytophagous
species rather than predators and parasites (Roques
2010). The observed decrease in number of alien
predators and parasites, recorded in recent decades,
is a measure of the reduced number of intentional

Mean number of new alien species
recorded per year during the period
0 2 4 6 8
| L 1 L 1 I | L |
1500-1799 — 2
1800-1849 21
1850-1899 35
1900-1924 46
1925-1949 36
1950-1959 34
1960-1969 45
1970-1979 57
1980-1989 66
1990-1999 61
2000-2008 49

- Intentional introductions
| Unintentional introductions

Time period

Fig. 3 Mean number of new alien predator and parasite
species recorded, following intentional and unintentional
introductions, in Europe (including major islands) per year
during the time periods. Number above the bar = total number
of introduced species per period. Data from Roques et al.
(2010)
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introductions over this period (Fig. 3). There has
been an increase in the number of species recorded as
a consequence of unintentional introductions which
mirrors the trend for phytophages (Figs. 3, 4). The
release of biological control agents through the 1980s
has undoubtedly contributed to the trends observed in
records of new alien species.

Classical and augmentative biological control of
insects has been applied for 120 and 90 years, respec-
tively (van Lenteren et al. 2006). More than 2000
species of natural enemy have been released world-
wide and populations of at least 165 pest species have
been permanently reduced (Greathead 1995; Gurr and
Wratten 2000). Until recently the potential risks of
biological control agents for control of arthropod pests
have not been considered in pre-release evaluations
(van Lenteren et al. 2003; van Lenteren et al. 20006).
This has largely been attributed to the very low number
of reports of negative effects of such releases (van
Lenteren et al. 2006). However, in recent years the
situation has changed and in many countries more
stringent regulatory requirements need to be met
before an exotic biological control agent can be
released (FAO 1996; van Lenteren et al. 2003; Kairo
et al. 2003; Hunt et al. 2007). This has undoubtedly
resulted in a decline of intentional introductions and is
responsible for the trends observed in Fig. 3.

Biogeographic trends

The origin of 19.3% of the alien predators and
parasites in Europe is unknown and they are regarded
as cryptogenic (Fig. 5). Of those where origin is
known, however, more than a quarter originated from
Asia (27.9%). North America and Africa contributed
22.9% and 15.8%, respectively (Fig. 5). Interestingly,
the recruitment of species into Europe from each
continent has varied considerably over time. Arrival
of species from North America has been declining
since 1980 but from Asia a linear increase can be
observed until 2000 after which there has been a
slight decline (Fig. 6).

Spread in Europe

One-fifth (20.7%) of the alien arthropod predators
and parasites were recorded first in Italy. France and
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Fig. 4 Mean number
(£SE) of new alien
arthropod species recorded
per year in Europe
(including major islands)
from 1500 to 2008. a total
arthropods (Best fit:
y=—0411 — 0.407x +
0.304x%; 1> = 0.965) b total
and mean number per
functional group. (Updated
from Roques 2010)
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Fig. 5 Region of origin of the arthropod parasite and predator
species alien to Europe (including major islands). Numbers
indicate the total. Data from Roques et al. (2010)

Great Britain have also been the first recipients of a
large number of species with 41 (9.7%) and 31
(7.4%) alien species being recorded first in these
countries, respectively. The spread of most species is
extremely limited: only 12 species (3.3%) are
observed in 30 countries or more and 257 species
(50.1%) are only present in one or two countries
(Fig. 7). Not surprisingly, the spread of a species is
strongly correlated with the date of arrival (Spear-
mann rank correlation between the number of colo-
nized countries and the duration of the presence in
Europe since first record (until 2008): r = 0.45;
P < 0.001; n = 452). 46.6% of the species recorded
before 1900 are now present in more than ten

o

Total arthropods

===== Phytophagous species
= = =Parasite/ predator specics
— - = Detrivorous species

Mean number of new alien species
recorded per year during the period

iy
T T T T T T
o o w o T o
228885 EE
5 @ © © w o w 5
S 8 8 8 &4 8 ® 8
8 89 8 & e & 5
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50 - A A== Africa
\ *—0—0 Asia
\ +—+—+ Australasia
40 \ . m- m—# North America
i \\ _ =N 4= = - + South America
» N\ [& & = Cryptogenic
30 \ N

20

Percentage of newly recorded species

Period of first record

Fig. 6 Percentage of the arthropod predator and parasite
species in relation to the total of all alien arthropods recorded
over time for each region. Data from Roques et al. (2010)

countries, whereas only 7.1% of the species recorded
from 1975 to 1999 are similarly widespread (Fig. 8).
None of the species recorded since 2000 have spread
to more than ten countries.

Alien arthropod predators and parasites are dis-
tributed heterogeneously across Europe (Fig. 9). Italy
has a high representation of these species which could
relate to the widespread use of biological control
agents in this region (supported also by the high
proportion of first records of alien arthropod preda-
tors and parasites from Italy). A number of European
islands are at the other end of the range with very few
alien arthropod predators and parasites represented.
The distribution of alien species within Europe
appears to be positively correlated with the trading
activity of the country: the more imports a country
receives the more alien species are recorded (Kobelt
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Fig. 7 Spread of arthropod predator and parasite species alien
in Europe expressed as the number of countries (and major
islands) in which the species has been recorded as established
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Fig. 8 Percentage of alien arthropod predators and parasites
present in either three (or less), ten (or more) or 20 (or more)
European countries against date first recorded. Data from
Roques et al. (2010)

and Nentwig 2008; Roques 2010; Pysek et al. 2010;
Essl et al. 2011). Undoubtedly the size of a country
and number of available habitats will also influence
the number of alien species recorded. Britain is a
relatively small country but has the fifth highest
number of alien predators and parasites. Perhaps an
indication of trading activity but also the predomi-
nantly urban landscape, particularly in England,
could be favouring alien species (Roques et al.
2009; Roy et al. 2011).

Ecological and economical impacts

Alien arthropod species can have both ecological and
economical impacts. Many of the economic impacts

@ Springer

and their frequency. Number above the bar is the number of
alien predators and parasites recorded. Data from Roques et al.
(2010)

are attributed to phytophagous alien species that
directly reduce productivity (Roques et al. 2009).
However, some species are considered a nuisance to
humans because of their behaviour (Roy et al. 2009).
The problems associated with nuisance insects are
varied, ranging from human health (vectors of
disease, allergens and irritants, pain through biting
and stinging), annoyance when in high numbers
(tendency to occur in large numbers results in
intolerable annoyance) to being household pests
(damaging or destroying the contents of houses
including fabrics, structural timbers and stored prod-
ucts). Harmonia axyridis and a number of alien ant
species are considered to be a nuisance because of
their propensity to reach high numbers in houses and
gardens. Harmonia axyridis aggregates in buildings
in autumn and reports of more than one thousand
individuals in a single household are not unusual
(Majerus et al. 2006; Roy et al. 2006; Brown et al.
2008b).

Alien arthropod predator and parasite species can
have profound ecological impacts within invaded
ranges (Kenis et al. 2009). Perhaps the greatest threat
is to native biodiversity through direct interactions
such as hybridisation with native species (Lawson
Handley et al. 2011), preying or parasitising native
species (Kindlmann et al. 2011). Additionally, they
can have indirect impacts on native species and
ecosystems through competition, carrying diseases or
sharing natural enemies with native species (Kenis
et al. 2009; Roy et al. 2011). The concept of
invasional meltdown, in which a number of alien
species interact synergistically resulting in dramatic
alterations to ecosystems (O’Dowd et al. 2003;
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Fig. 9 Distribution of alien 00w
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Simberloff 2006), outlines the most extreme outcome
of the subsequent arrival of invasive alien species.
There are many examples of alien arthropods causing
ecological impacts on oceanic islands (Causton et al.
2006), including invasional meltdown (O’Dowd et al.
2003), but there are very few examples of alien
arthropods (mainly predators) adversely affecting
native biodiversity or ecosytems in Europe (Kenis
et al. 2009; Roques et al. 2009).

The ecological impacts of alien arthropod predators
found in Europe have been well documented although
in some cases from studies on other continents.
Invasive ants, such as L. humile, displace native ants
and other animals both through resource competition
and direct predation as has been shown through studies
in the US (Human and Gordon 1996). Harmonia
axyridis outcompetes and displaces native aphidopha-
gous insects (Brown et al. 2011b; Aebi etal. 2011). The
Asian hornet, Vespa velutina nigrithorax de Buysson
(Hymenoptera: Vespidae), is established and spread-
ing in south-west France and preys on honeybees, Apis
mellifera L.. (Hymenoptera: Apidae), and may conse-
quently have an economic impact through diminished

pollination services (Beggs et al. 2011). Similarly a
number of introduced parasitoid species have
displaced native aphelinids (Viggiani 1994; Viggiani
and Gerling 1994). There is considerable scope for
further research on the ecological impacts of alien
arthropod predators and parasites. This, coupled with
an increased understanding of invasion pathways,
could facilitate more effective risk assessment and
surveillance.

Future trends

The dramatic increase in the establishment of alien
invertebrates, including arthropod predators and par-
asites, is anticipated to continue over the next few
decades as global trade continues to expand (Roques
et al. 2009). Intentional introductions of species have
decreased in recent years but this is offset by an
increase in unintentional translocations. Additionally,
environmental change, particularly climate change
and habitat destruction, is predicted to promote the
arrival, establishment and spread of alien species in
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Europe (Evans et al. 2011b). Many of the alien
arthropod records are from urban or man-made
habitats. Few alien species seem to have colonised
natural ecosystems. Mature, natural communities are
considered more resistant to potential invaders
because they have lower levels of niche opportunity
(Shea and Chesson 2002), i.e. low availability of
resources. However, whether such predictions are
upheld because they reflect reality or whether there is
simply a lack of data from natural systems requires
addressing.

Acknowledgments The authors would like to thank all the
participants in the DAISIE project, without their commitment
and enthusiasm this paper would not have been possible. HER
and DBR are funded through the Centre for Ecology &
Hydrology (Natural Environmental Research Council (NERC)
and the Joint Nature Conservation Committee (JNCC). HER is
also funded by the Department for Environment, Food and
Rural Affairs (Defra) for work on the GB Non-Native Species
Information Portal. AR was partly funded by the EU project
ISEFOR (KBBE-245268-Increasing Sustainability of European
Forests: modelling for security against invasive pests and
pathogens under climate change).

References

Aebi A, Brown PMJ, De Clercq P, Hautier L, Howe A, Ingels
B, Ravn H-P, Sloggett JF, Zindel R, Thomas APM (2011)
Detecting arthropod intraguild predation in the field.
BioControl. doi:10.1007/s10526-011-9378-2

Beggs J, Brockerhoff EG, Corley JC, Kenis M, Masciocchi M,
Muller F, Rome Q, Villemant C (2011) Ecological effects
and management of invasive alien Vespidae. BioControl.
doi:10.1007/s10526-011-9389-z

Brown PMJ, Adriaens T, Bathon H, Cuppen J, Goldarazena A,
Hagg T, Kenis M, Klausnitzer BEM, Kovar I, Loomans
Al, Majerus MEN, Nedved O, Pedersen J, Rabitsch W,
Roy HE, Ternois V, Zakharov I, Roy DB (2008a) Har-
monia axyridis in Europe: Spread and distribution of a
non-native coccinellid. BioControl 53:5-22

Brown PMJ, Roy HE, Rothery P, Roy DB, Ware RL, Majerus
MEN (2008b) Harmonia axyridis in Great Britain: Anal-
ysis of the spread and distribution of a non-native cocc-
inellid. BioControl 53:55-68

Brown PMJ, Frost R, Doberski J, Sparks T, Harrington R, Roy HE
(2011a) Decline in native ladybirds in response to the arrival of
Harmonia axyridis (Coleoptera: Coccinellidae): early evi-
dence from England. Ecological Entomology 36:231-240

Brown PMJ, Thomas CE, Lombaert E, Jeffries DL, Estoup A,
Lawson Handley L-J (2011b) The global spread of Har-
monia axyridis (Coleoptera: Coccinellidae): distribution,
dispersal and routes of invasion. BioControl. doi:
10.1007/s10526-011-9379-1

Causton CE, Peck SB, Sinclair BJ, Roque-Albelo L, Hodgson
CJ, Landry B (2006) Alien insects: threats and implications

@ Springer

for conservation of Galapagos Islands. Ann Entomol Soc
Am 99:121-143

Coffey MF (2007) Parasites of the honeybee. Teagasc, Crops
Research Centre, Oak Park, Carlow, p 81

DAISIE (2009) Handbook of alien species in Europe. Springer,
Netherlands

De Clercq P, Mason P, Babendreier D (2011) Benefits and risks
of exotic biological control agents. BioControl. doi:
10.1007/s10526-011-9372-8

Denux O, Zagatti P (2010) Coleoptera families other than
Cerambycidae, Curculionidae sensu lato, Chrysomelidae
sensu lato and Coccinellidae. BioRisk 4:315-406

Essl F, Dullinger S, Rabitsch W, Hulme PE, Hiilber K, Jarosik
V, Kleinbauer I, Krausmann F, Kiihn I, Nentwig W, Vila
M, Genovesi P, Gherardi F, Desprez-Loustau M-L, Ro-
ques A, Pysek P (2011) Socioeconomic legacy yields an
invasion debt. Proc Natl Acad Sci USA 108:203-207

Evans EW, Soares AO, Yasuda H (2011a) Invasive alien
Coccinellidae and other predatory Coleoptera. BioCon-
trol. doi:10.1007/510526-011-9374-6

Evans EW, Comont RF, Rabitsch W (2011b) Alien arthropod
predators and parasitoids: interactions with the environ-
ment. BioControl. doi:10.1007/s10526-011-9375-5

FAO (1996) Code of conduct for the import and release of
exotic biological control agents. International Standard of
Phytosanitary Measures 3. http://www.furs.si/law/FAO/
ZVR/ENG/ISPM3.pdf

Glavendeki¢ M, Roques A, Mihajlovi¢ L (2010) An ALARM
case study: the rapid colonization of an introduced tree,
black locust by an invasive North-American midge and its
parasitoids. In: Settele J (ed) Atlas of biodiversity risks—
from Europe to the globe from stories to maps. Pensoft,
Sofia & Moscow, pp 158-159

Greathead DJ (1995) Benefits and risks of classical biological
control. In: Hokkanen HMT, Lynch JM (eds) Biological
control: benefits and risks. Cambridge University Press
Cambridge, UK, pp 55-63

Gurr G, Wratten S (eds) (2000) Measures of success in bio-
logical control. Kluwer, Dordrecht

Holldobler B, Wilson EO (1990) The ants. Harvard University
Press,

Holway DA, Lach L, Suarez AV, Tsutsui ND, Case TJ (2002)
The causes and consequences of ant invasions. Annu Rev
Ecol Syst 33:181-233

Hulme PE, Roy DB (2010) DAISIE and arthropod invasions in
Europe. BioRisk 4:1-4

Human KG, Gordon DM (1996) Exploitation and interference
competition between the invasive Argentine ant, Linepit-
hema humile, and native ant species. Oecologia 105:
405-412

Hunt EJ, Kuhlmann U, Sheppard A, Qin T-K, Barratt BIP,
Harrison L, Mason PG, Parker D, Flanders RV, Goolsby J
(2007) Review of invertebrate biological control agent
regulation in Australia, New Zealand, Canada and the
USA: recommendations for a harmonized European sys-
tem. J Appl Entomol 132:1-35

Kairo MTK, Cock JW, Quinlan MM (2003) An assessment of
the use of the Code of Conduct for the Import and Release
of Exotic Biological Control Agents (ISPM No. 3) since
its endorsement as an international standard. Biocontrol
News and Information 24:15N-27N


http://dx.doi.org/10.1007/s10526-011-9378-2
http://dx.doi.org/10.1007/s10526-011-9389-z
http://dx.doi.org/10.1007/s10526-011-9379-1
http://dx.doi.org/10.1007/s10526-011-9372-8
http://dx.doi.org/10.1007/s10526-011-9374-6
http://dx.doi.org/10.1007/s10526-011-9375-5
http://www.furs.si/law/FAO/ZVR/ENG/ISPM3.pdf
http://www.furs.si/law/FAO/ZVR/ENG/ISPM3.pdf

Alien arthropod predators and parasites in Europe

503

Kenis M, Branco M (2010) Impact of alien terrestrial arthro-
pods in Europe. BioRisk 4:51-71

Kenis M, Roques A (2010) Lice and Fleas (Phthiraptera and
Siphonaptera). BioRisk 4(1):833-849

Kenis M, Auger-Rozenberg M-A, Roques A, Timms L, Péré C,
Cock MJW, Settele J, Augustin S, Lopez-Vaamonde C
(2009) Ecological effects of invasive alien insects. Biol
Invasions 11:21-45

Kobelt M, Nentwig W (2008) Alien spider introductions to Europe
supported by global trade. Divers Distrib 14:273-280

Lawson Handley L-J, Estoup A, Thomas C, Lombaert E, Facon B,
Aebi A, Evans D, Roy HE (2011) Ecological genetics of inva-
sive alien species. BioControl. doi:10.1007/s10526-011-9386-2

Majerus MEN, Strawson V, Roy HE (2006) The potential
impacts of the arrival of the Harlequin ladybird, Harmo-
nia axyridis (Pallas) (Coleoptera: Coccinellidae), in Brit-
ain. Ecological Entomology 31:207-215

Navajas M, Migeon A, Estrada-Pefia A, Mailleux AC, Servigne
P, Petanovi¢ R (2010) Mites and ticks (Acari). BioRisk
4:149-192

Nentwig W, Josefsson M (2010) Introduction. BioRisk 4:5-10

Nentwig W, Kobelt M (2010) Spiders (Araneae). BioRisk
4:131-147

O’Dowd DJ, Green PT, Lake PS (2003) Invasional ‘meltdown’
on an oceanic island. Ecol Lett 6:812-817

Passera L (1994) In: Williams D (ed) Characteristics of tramp
ants. Exotic ants: biology, impact and control of intro-
duced species. Westview Press, Boulder, pp 23-43

Pysek P, Jarosik V, Hulme PE, Kiihn I, Wild J, Arianoutsou M,
Bacher S, Chiron F, Didziulis V, Essl F, Genovesi P,
Gherardi F, Hejda M, Kark S, Lambdon PW, Desprez-
Loustau M, Nentwig W, Pergl J, Poboljsaj K, Rabitsch W,
Roques A, Roy DB, Shirley S, Solarz W, Vila M, Winter
M (2010) Disentangling the role of environmental and
human pressures on biological invasions across Europe.
Proc Natl Acad Sci 107:12157-12162

Rabitsch W (2010a) True bugs (Hemiptera, Heteroptera).
BioRisk 4:407-433

Rabitsch W (2010b) Pathways and vectors of alien arthropods
in Europe. BioRisk 4:27-44

Rabitsch W (2011) The hitchhikers’ guide to alien ant inva-
sions. BioControl. doi:10.1007/s10526-011-9370-x

Rasplus JY, Roques A (2010) Dictyoptera (Blattodea, Isop-
tera), Orthoptera, Phasmatodea and Dermaptera. BioRisk
4:807-831

Rasplus JY, Villemant C, Paiva MR, Delvare G, Roques A
(2010) Hymenoptera. BioRisk 4:669-776

Reynaud P (2010) Thrips (Thysanoptera). BioRisk 4:767-791

Richardson DM, Pysek P, Rejmanek M, Barbour MG, Panetta
FD, West CJ (2000) Naturalization and invasion of alien
plants: concepts and definitions. Divers Distrib 6:93—-107

Roques A (2010) Taxonomy, time and geographic patterns.
BioRisk 4:11-26

Roques A, Rabitsch W, Rasplus J-Y, Lopez-Vaamonde C,
Nentwig W, Kenis M (2009) Alien terrestrial inverte-
brates of Europe. In: DAISIE (ed) Handbook of alien
species in Europe. Springer, Dordrecht, Netherlands,
pp 63-79

Roques A, Kenis M, Lees D, Lopez-Vaamonde C, Rabitsch W,
Rasplus J-Y, Roy DB (2010) Alien terrestrial arthropods
of Europe. BioRisk 4(1-2), Pensoft

Roy HE, Migeon A (2010) Ladybeetles (Coccinellidae). Bio-
Risk 4:293-314

Roy HE, Roy DB (2010) Harmonia axyridis (Pallas, 1773)—
Harlequin ladybird (Coleoptera, Coccinellidae). BioRisk
4:882-888

Roy HE, Wajnberg E (2008) From biological control to inva-
sion: The ladybird, Harmonia axyridis, as a model spe-
cies. BioControl 53:1-4

Roy HE, Brown PMJ, Majerus MEN (2006) Harmonia axyri-
dis: a successful biocontrol agent or an invasive threat? In:
Eilenberg J, Hokkanen H (eds) An ecological and societal
approach to biological control. Kluwer Academic Pub-
lishers, Netherlands, pp 295-309

Roy HE, Beckmann BC, Comont RF, Hails RS, Harrington R,
Medlock J, Purse B, Shortall CR (2009) An Investigation
into the potential for new and existing species of insect with
the potential to cause statutory nuisance to occur in the UK
as a result of current and predicted climate change. Report
to Defra. Centre for Ecology and Hydrology, Wallingford,
UK

Roy HE, Lawson-Handley L, Schonrogge K, Poland RL, Purse
BV (2011) Can the enemy release hypothesis explain the
success of invasive alien predators and parasitoids? Bio-
Control. doi:10.1007/s10526-011-9349-7

Schmid-Egger C (2004) Sceliphron curvatum (F. Smith 1870 in
Europa mit einem Bestimmungsschliissel fiir die euro-
pdischen und mediterranen Sceliphron-Arten (Hymenop-
tera: Sphecidae). Bembix 19:7-28

Shea K, Chesson P (2002) Community ecology theory as a
framework for biological invasions. Trends Ecol Evol
17:170-176

Simberloff D (2006) Invasional meltdown 6 years later:
important phenomenon, unfortunate metaphor, or both?
Ecol Lett 9:912-919

Skuhravd M, Martinez M, Roques A (2010) Diptera. BioRisk
4:553-602

Smith SM (1996) Biological control with Trichogramma:
advances, successes and potential of their use. Annu Rev
Entomol 41:375-406

Stoev P, Zapparoli M, Golovatch S, Enghoff H, Akkari N,
Barber A (2010) Myriapods (Myriapoda). BioRisk
4:97-130

Suarez AV, Holway DA, Case TJ (2001) Patterns of spread in
biological invasions dominated by long-distance jump
dispersal: insights from Argentine ants. Proc Natl Acad
Sci USA 98:1095-1100

Tatem AJ, Hay SI, Rogers DJ (2006) Global traffic and dis-
ease vector dispersal. Proc Natl Acad Sci USA 103:
6242-6247

van Lenteren JC (2007) Biological control for insect pests in
glasshouses: an unexpected success. In: Vincent C,
Goettel M, Lazarovits G (eds) Biological Control a global
perspective. CABI, Wallingford, UK, pp 105-117

van Lenteren JC, van Roermund HJW, Siitterlin S (1996)
Biological control of greenhouse whitefly (Trialeurodes
vaporariorum) with the parasitoid Encarsia formosa: How
does it work? Biol Control 6:1-10

van Lenteren JC, Babendreier D, Bigler F, Burgio G, Hokka-
nen HMT, Kuske S, Loomans AJM, Menzler-Hokkanen I,
van Rijn PCJ, Thomas MB, Tommasini MG, Zeng Q-Q
(2003) Environmental risk assessment of exotic natural

@ Springer


http://dx.doi.org/10.1007/s10526-011-9386-2
http://dx.doi.org/10.1007/s10526-011-9370-x
http://dx.doi.org/10.1007/s10526-011-9349-7

504

H. E. Roy et al.

enemies used in inundative biological control. BioControl
48:3-38

van Lenteren JC, Bale J, Bigler F, Hokkanen HMT, Loomans
AJM (2006) Assessing risks of releasing exotic biological
control agents of arthropod pests. Annu Rev Entomol
51:609-634

Vet LEM, van Lenteren JC, Woets J (1980) The parasite-host
relationship between Encarsia formosa (Hymenoptera:
Aphelinidae) and Trialeurodes vaporariorum (Homoptera:
Aleyrodidae) IX. A review of the biological control of the
greenhouse whitefly with suggestions for future research.
Zeitschrift fiir Angewandte Entomologie 90:26-51

Viggiani G (1994) Recent cases of interspecific competition
between parasitoids of the family Aphelinidae (Hyme-
noptera: Chalcidoidea). Norwegian Journal of Agricul-
tural Sciences 16:351-358

Viggiani G, Gerling D (1994) Host-range increase of indige-
nous and introduced parasitoids. In: Narang K, Bartlett
AC, Faust RM (eds) Applications of genetics to arthro-
pods. CRC Press, Ft. Lauderdale, pp 147-157

Author Biographies

H. E. Roy is an ecological entomologist leading zoological
research in the Biological Records Centre at the NERC Centre
for Ecology & Hydrology (UK). The focus of her research is
insect community interactions with particular emphasis on the

@ Springer

effects of environmental change. She is convenor of the IOBC
WPRS Working Group “Benefits and Risks of Exotic Biolog-
ical Control Agents” which was the impetus for this special
issue of BioControl. She is currently leading the development
of the GB Non-Native Species Information Portal. She is an
associate editor of BioControl.

D. B. Roy is the Head of the Biological Records Centre within
the NERC Centre for Ecology & Hydrology (UK). His work
focuses on the use of large-scale and long-term datasets on the
distribution and abundance of species to understand and predict
the effects of environmental change on biodiversity. The
current focus of his research is predicting the biological impact
of climate change and the dynamics of invasive species. He is
responsible for the development of the Delivering Alien
Invasive Species Inventories for Europe (DAISIE) web
database.

A. Roques is a forest entomologist, and the Head of the Forest
Zoology Research Station of Orléans with the National
Institute for Agricultural Research (INRA). He was leader of
the IUFRO Working Party “Cone and Seed Insects” from 1986
to 1994. His present work focuses on the insect responses to
anthropogenic changes, especially global warming and biolog-
ical invasions. He coordinated the inventory of the alien
terrestrial invertebrates established in Europe within the
DAISIE project.



	Inventory of terrestrial alien arthropod predators and parasites established in Europe
	Abstract
	Introduction
	Alien arthropod predators and parasites
	Invasion pathways
	Species introduced intentionally as biological control agents
	Species introduced unintentionally as contaminants and stowaways
	Invasion corridors
	Leading-edge dispersal following intentional and unintentional introduction

	Temporal trends
	Biogeographic trends
	Spread in Europe
	Ecological and economical impacts
	Future trends
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


