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Abstract A comprehensive analysis of spiders reported
as alien for Europe over the last 200 years has yielded
information for 184 spider species, which had been
introduced at least once. The most common spider
families are Theridiidae (27 species), Pholcidae (15),
Salticidae (14), Sparassidae (14), Ctenidae (14), and
Theraphosidae (13) but overall establishment rate was
only 28 %. No ctenids or theraphosids established, and
only one sparassid species, but many theridiids and
pholcids. Most introduced species originated from South
(34 %), Central (10 %) or North (12 %), America, Asia
(19 %) and Africa (15 %). Only few of the South and
Central American species could establish, while species
from North America (36 %) and Asia (63 %) had much
higher establishment rates. Over the last 200 years,
introduction and establishment rates have been strongly
increasing. Three pathways are responsible for the
majority of introductions: fruit shipments (67 % of all
cases), potted plants (16 %) and containers or packaging
material (12 %). In contrast to fruit shipments, spiders
introduced on plants or with containers have high
establishment rates (65 and 47 %). Environmental impact
of alien spiders can be expected on both insects (through
predation) and spiders (through predation and competi-
tion), potentially leading to change of species composition
and guild structure. Socio-economic impact includes
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reduction of marketability of horticultural products
through excessive spinning activity which also may cause
increased cleaning costs at facades and windows. Impact
on human health may be caused by bites and subsequent
need for medical treatments. For all these impact
categories, however, only anecdotal evidence is given
for alien spiders in Europe. This may change when spiders
of medical importance such as the frequently introduced
Latrodectus species will establish. Considering the current
trends it is concluded that introduction and establishment
rates of alien spiders will strongly increase in the next
years unless preventive methods become more efficient.

Keywords Origin, contaminant - Environmental
impact - Socio-economic impact - Human health

Introduction

Alien and invasive species are one of the main drivers
of biodiversity decline, reducing ecosystem services
worldwide (MEA 2005) and exerting an increasing
impact to the environment and socio-economy (Vila
et al. 2010; Simberloff et al. 2013). The number of
alien and invasive species is steadily increasing,
mainly through continuous globalization with increas-
ing transport of people and goods (DAISIE 2009;
Hulme et al. 2009). This will also lead to an increased
impact in the future (“invasion debt”, Essl et al. 2011).

Alien species are transferred with direct or indirect
human assistance from their area of origin into another
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biogeographical area (invaded area) (measured as
introduction rate) where they may establish (estab-
lishment rate) and become invasive (e.g., Ricciardi
et al. 2013; Jeschke et al. 2014). Invasiveness is
usually defined as “having impact” on environment
and/or socio-economy (PySek and Richardson 2010;
Vila et al. 2011). The probabilities of introduction,
establishment and becoming invasive can be analysed
with risk assessments, while impact is quantified in
impact assessments, and often both are combined
(Kumschick and Richardson 2013).

Research on higher taxa of alien and invasive species
have so far focussed mainly on plants, vertebrates and
selected invertebrates, while especially spiders have
been neglected (DAISIE 2009; Langor and Sweeney
2009; Roques et al. 2010). Spiders are a large, diverse
group of mainly generalist non-specialized predators,
occurring in all terrestrial habitats and contributing
considerably to biodiversity (Penny 2013; Nentwig
et al. 2014). As alien and invasive species, spiders may
be of considerable importance because they can reach
high densities in natural and urban environments, which
could affect native diversity (Hann 1990; Ruzicka
1995). Some spiders are also of medical concern
because they can bite humans, which can potentially
be lethal (Nentwig and Kuhn-Nentwig 2013).

The first notes mentioning records of alien spiders in
Europe are about 200 years old and the first compila-
tion of these records was given by Bonnet (1929).
However, in the following decades mainly anecdotal
reports appeared, and occasionally lists of species
collected at border controls (interception data, e.g.,
Schmidt 1953-1971). Two recent publications concen-
trated on 47 established species and analyzed the areas
of origin and the most probable invasion routes (Kobelt
and Nentwig 2008; Nentwig and Kobelt 2010). Here we
present a more comprehensive analysis of data for 184
spider species recorded as alien to Europe over the last
200 years. We calculate establishment rates, perform a
pathway analysis, and present semi-quantitative data on
their environmental and socio-economic impact.

Materials and methods
Biogeographical definition of Europe

Europe is defined biogeographically as the European
continent and its islands, including Belarus, Ukraine,
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Turkey and the European part of Russia, thus taking
the Ural and Caucasus as the eastern border. We
excluded the Azores, Canary Islands and Madeira
(Macaronesia) because their high degree of endemism
points to their development being independent from
Europe (Wunderlich 1991), with more affinities to
Africa (e.g., Lloris et al. 1991; Vanderpoorten et al.
2007). This definition corresponds to that used by the
“araneae—Spiders of Europe” website (Nentwig et al.
2014).

Data collection

Information on spider species alien to Europe was
obtained by

(1) A broad literature screening in the Web of
Science and with Google Scholar. Search terms
were spider and/or araneae and/or alien, exotic,
non-native and/or Europe;

(2) A search in specialized databases for alien
species, such as the DAISIE database (DAISIE
2015);

(3) A search in specialized databases for spiders,
mainly the World Spider Catalog (WSC 2015)
and “araneae—Spiders of Europe” (Nentwig
et al. 2014).

This search yielded information for a total of 233
species. In some cases it was not possible to find the
earliest record for a given species for Europe. It can
also not be excluded that older literature mentions
unsuccessful introductions, but we did not detect such
articles. Therefore, we consider these 233 species as a
minimum number of species mentioned in the lit-
erature as alien to Europe.

Analysis of their taxonomic situation showed that
six species had a dubious identity. The agelenid
Agelena longipes Carpenter 1900 and the clubionid
Clubiona facilis O. Pickard-Cambridge (1910) had
only been caught once, described as a new species of
alien origin, but were never recollected elsewhere in
the world. These specimens need careful re-examina-
tion and are not considered here. Comparably, the
salticid Philaeus superciliosus Bertkau 1883, has only
been collected once, but could be a nomen dubium due
to misidentification. The oonopid Orchestina dubia O.
Pickard-Cambridge (1911) refers to a misidentified
and mutilated specimen (Henrard, pers. comm.), while
the European record of the gnaphosid Leptotopilos
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pupa De Dalmas 1919 is a misidentification and this
species does not occur in Europe (Levy 2009;
Chatzaki, pers. comm.).

Forty-four species turned out to be of European
origin and therefore cannot be considered as alien to
Europe. This refers to many Mediterranean species that
are widespread in Southern Europe. Nevertheless, they
receive attention when they spread north and are first
recorded, e.g., in Great Britain, Scandinavia or north-
eastern parts of Europe. The wasp spider Argiope
bruennichi is a typical case where the spread of this
Mediterranean species has been analysed in detail
(Kumschick et al. 2011). For most of these species, their
European origin is not in doubt, but in some cases, the
native area is strongly debated. Here we assume
European and mostly Mediterranean origins for the
following species: Oecobius cellariorum (Duges 1836),
O. maculatus Simon 1870 and O. navus Blackwall 1859
(all Oecobiidae); Tapinesthis inermis (Simon 1882),
Oonops domesticus De Dalmas 1916; O. pulcher
Templeton 1835 and Silhouettella loricatula (Roewer
1942) (all Oonopidae); Holocnemus caudatus (Dufour
1820), H. pluchei (Scopoli 1763) and Pholcus opilion-
ides (Schrank 1781) (all Pholcidae); Uloborus plumipes
(Uloboridae). The gnaphosid Zelotes puritanus Cham-
berlin 1922 has a Holarctic distribution, from North
America via South Siberia into the Ukraine. Because it
is unclear if the European records of Z. puritanus
represent the most westerly populations of this species,
spreading since the late 1970s, or if these are introduc-
tions from North America, this species is not treated
here as alien to Europe. On the other hand, the
tetragnathid Tetragnatha shoshone, first described by
Levi (1981) for North America and later detected in a
few European locations (Uhl et al. 1992), is considered
to be of North American origin.

After correcting our initial figure of 233 species for
these five taxonomically doubtful species and for the
44 species of European origin, we ended up with 184
species, recorded at least once within Europe and of
clearly non-European origin. For these species, we
compiled the following data: year of first record,
probability of establishment, current distribution,
pathway of introduction and impact.

Impact scoring with GISS

Impact was calculated using the Generic Impact
Scoring System GISS, initially developed by Nentwig

et al. (2010) for mammals, but recently expanded to all
major animal and plant taxa (Kumschick et al. 2015),
including terrestrial arthropods (Vaes-Petignat and
Nentwig 2014). The semi-quantitative GISS is based
on an intensive literature search and relies on
published information. It includes two main impact
groups, environmental and socio-economic, each with
six impact categories. Environmental impacts are
classified as (1) on plants or vegetation (e.g., through
herbivory), (2) on animals through predation or
parasitism, (3) through competition, (4) transmission
of diseases or parasites to native species, (5) hy-
bridization, and (6) on ecosystems (e.g., through
changes in ecosystem services). Socio-economic im-
pact consists of impacts (1) on agricultural production,
(2) animal production, (3) forestry production, (4)
human infrastructure and administration, (5) human
health, and (6) human social life (e.g., through
restrictions in recreational activities). Within each of
these 12 impact categories, impact is assessed on a
scale of six impact levels, ranging from zero (no
impact known, no impact detectable, or not applica-
ble) to five (highest impact possible). Maximum
impact of a given invasive species is 12 cate-
gories x 5 points = 60 points. Each impact category
and impact level is well described to avoid ambiguities
between assessors as much as possible. For more
details see Vaes-Petignat and Nentwig (2014).

Results
Introduction, establishment and origin

We collected data on 184 spider species introduced as
alien to Europe, and belonging to 37 families
(Table 1). The most common spider families were
Theridiidae (27 species), Pholcidae (15), Salticidae
(14), Sparassidae (14), Ctenidae (14), and Theraphosi-
dae (13). From these, 51 species could establish self-
maintaining populations (=28 % establishment rate),
belonging to 19 families. The most commonly estab-
lished families were Theridiidae (13 species), Pholci-
dae (8), Linyphiidae (5), and Salticidae (4). In other
families, establishment rates are extremely low, e.g.,
in Sparassidae (7 %). It is remarkable that in some
families with many introduced species, none estab-
lished, this is especially obvious in Araneidae, Corin-
nidae, Ctenidae and Theraphosidae.
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Schmidt (1971)

Fruits

No

Macaronesia
Africa

Asia

(Tullgren 1910)

Tidarren cuneolatum

Theridiidae
Theridiidae
Theridiidae

Thomisidae

Schmidt (1957)

Fruits

No

Schmidt 1957

Tidarren levii

Kovblyuk et al. (2012)

Yes

(Yoshida and Ono 2000)

(Keyserling 1880)

Yaginumena maculosa

O. Pickard-Cambridge

No

North America

Bassaniana versicolor

(1911)

Schmidt (1956¢, 1971)
Bonnet (1930)
Schmidt (1971)

Fruits

No

South America

Schmidt 1956

Carcinarachne brocki

Thomisidae

Fruits

No

North America

Keyserling 1880
Schmidt 1956

Ozyptila georgiana

Thomisidae

Fruits

No

South America

Synema trimaculosum

Thomisidae

Schmidt (1971)

Fruits

No
No

South America

(Keyserling 1891)
(Simon 1892)

Goeldia luteipes

Titanoecidae

Schmidt (1971)

Fruits

South America

Asia

Goeldia patellaris

Titanoecidae

Jager (2008); Pfliegler

Plants

Yes

(Thorell 1878)

Pandava laminata

Titanoecidae

et al. (2012)
Schmidt (1971)

Fruits

No

South America

Titanoeca guayaquilensis Schmidt 1971

Titanoecidae

Most spiders introduced to Europe originate from
South (34 %), Central (10 %) or North (12 %)
America, so that in total 55 % of all introduced spider
species came from the Americas. Asia contributed
19 % and Africa 15 %. However, only 5 % of the
South American species and 17 % of those from
Central America were able to establish. In contrast,
species from North America (36 %) and Asia (63 %)
had much higher establishment rates (Table 2).

The first records I found for the introduction of alien
spiders to Europe go back to the first half of the
nineteenth century. 1819 and 1831 are the first
(known) recorded introductions, for Plexipus paykulli
and Menemerus bivittatus, respectively (Nentwig and
Kobelt 2010). The total of 184 species introduced
during these 195 years refers to an average introduc-
tion frequency of 0.94 spider species per year.
However, three different periods can be distinguished:
1819-1949 with a very low introduction rate of 0.3
species per year, 1950-1969 with 2.2 introductions per
year, and 1970-2014 with 1.1 introductions per year
(Fig. 1). While the introductions continuously in-
creased over the last decades, the period 1950-1969 is
special, mainly due to the intensive investigations of
Schmidt on introductions via imported fruits (Schmidt
1956-1971).

Pathways

In 161 cases, the circumstances of the introduction of
alien spiders were reported and this allows a detailed
pathway analysis, following the pathway nomencla-
ture of Hulme et al. (2008) (Table 3). Only one species

Table 2 Origin of spider species introduced to Europe and
established there

Origin Introduced Established
Africa 27 8
Macaronesia 8 1
Asia 35 22
America North 23 8
America Central 18 3
America South 63 3
Australia 3
Tropics/subtropics 1
Unknown 2
Sum 184 51
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Fig. 1 Cumulative number of alien spider species introduced
and established from 1800 to 2014

was introduced on purpose (Nephila inaurata mada-
gascariensis at the end of the nineteenth century in
France, for silk production, Bonnet 1929, 1930), while
all other cases were unintentional, either as stowaways
in or on transport vectors, or as contaminants of traded
commodities. Only 19 cases of spider imports by
means of containers or packaging material have been
reported, but in 47 % of cases they led to the
establishment of viable populations. Spiders as con-
taminants are most frequently found in fruit shipments
(67 % of all cases), but only 5 % of the species were
able to establish. Fruit shipments involved bananas in
86 % of cases. In 26 cases, potted plants contained
spiders and their establishment rate was rather high
(65 %). Among the remaining and relatively rare

categories, two need to be mentioned separately.
There is an increasing market for food crickets which
are shipped from the USA to Europe and vice versa.
This led to the successful introduction of a theridiid,
which made its way as predator in a shipment of its
cricket prey (Gabriel 2010). Another species, the
philodromid Thanatus vulgaris, was also shipped with
food crickets from the USA to several European
countries, but because this species is native to Europe,
this represents a re-introduction of a species, earlier
introduced to North America (Jager 2002). The second
category concerns the import of classic cars and used
sport cars from the USA, where the cars quite often
contained black widow spiders (Latrodectus mactans)
in high numbers, also with cocoons (Van Keer 2010),
but this has not led to the establishment of a European
population so far.

Impact

Currently, our knowledge on the overall impact of
spiders alien to Europe is low. Spiders exert environ-
mental impact as predators. They prey on a wide range
of invertebrates including other spider species, but
only for a few species a high density in natural habitats
has been reported. Such examples are the linyphiids
Mermessus trilobatus and Ostearius melanopygius
(Ruzicka 1995; Rozwalka et al. 2013) whereas in most
cases evidence is merely anecdotal. Therefore, due to
lack of data no further conclusion on the overall effect

Table 3 Pathways for the introduction of alien spider species to Europe according to the pathway nomenclature of Hulme et al.

(2008)
Pathway Motivation Vectors Introductions (number Established
of species) (%)

Release Intentional 1 0

Escape from captivity Unintentional 0

Contaminants of traded Unintentional Fruits 108 5

commodities

Potted plants 26 65
Timber 3 33
Food crickets 1 100
Wool 1 100
Soil 1 100
Used cars 1 0

Stowaways in/at transport vectors Unintentional Container, packaging material 19 47

In a few cases more than one pathway was reported and they were counted separately. Total number of cases = 161

@ Springer
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Table 4 Impact assessment of spiders alien to Europe according to the Generic Impact Scoring System (compare text)

Impact category Impact description Impact level (points) Spider species Reference
Environmental impacts

Impacts on plants or No impact known (0)
vegetation through
herbivory

Impacts on animals Predation on other spider species leading to Impact can be assumed
through predation or local displacement of native species but currently no
parasitism impact known (0)

Impacts on plants and ~ Competing with other spiders for food, Medium to major (3-5)  Pholcus Uhlenhaut
animals through primarily in special habitats, such as phalangioides (2001)
competition caves, leading to local extinction of native

species

Impacts through No impact known (0)
transmission of
diseases or parasites
to native species

Impacts through No impact known (0)
hybridization

Impacts on ecosystems Change of species composition, guild Minor to medium (2-3)  Pholcus Uhlenhaut

structure and/or food webs phalangioides (2001)
Socio-economic impacts

Impacts on agricultural Reduced marketability due to silk spinning Minor (1) Mermessus Klein et al.
production activity in horticulture (ornamental plants) denticulatus (1995)

Impacts on animal No impact known (0)
production

Impacts on forestry No impact known (0)
production

Impacts on human Increased cleaning costs for building Minor (1). This impact
infrastructure and facades and windows due to web spinning  can be assumed but no
administration activity, including insecticide usage example is known for

Europe.

Impacts on human Bites and associated health problems, Minor to major (1-4) Latrodectus sp., ~ Warrell

health including fear of spiders Loxosceles et al.
laeta, Steatoda (1991)
nobilis

Impacts on human
social life

No impact known (0)

of alien spiders on the native prey community can be
drawn. This is different in habitats with a low diversity
of spiders, such as caves or buildings, where the native
species can easily be replaced by Pholcus phalan-
gioides, one of the first invasive spiders in Europe,
now considered to be typical for such habitats. In
Europe, so far no native species has been replaced by
this alien spider (category 1.2), but Pholcus phalan-
gioides outcompeted native species locally in build-
ings (category 1.3), leading to a change of species
composition and guild structure (Uhlenhaut 2001)
(category 1.6, Table 4).

@ Springer

The socio-economic impact of alien spiders can
affect agricultural production because intensive spin-
ning activity on ornamental plants in horticulture can
reduce marketability (Klein et al. 1995). Spiders can
also increase the cleaning costs of buildings (facades
and windows) and cause insecticide applications to
facades to reduce their densities. According to pest-
control companies, this happens frequently (pers.
comm.) against spiders in general, but no example
for spiders alien to Europe is currently known
(Table 4). The most obvious impact of spiders can
be caused by biting humans, which is also the best
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documented impact. However, there are only a few
European records for bites of spiders alien to Europe,
for example the case of Steatoda nobilis (Warrell et al.
1991), which cannot seriously harm humans. There
are, however, regular reports of three Latrodectus
species, frequently introduced to Europe (Table 1),
but they have not yet been able to establish popula-
tions, and there are also no reports about bites of these
species in Europe. Loxosceles laeta is another poten-
tially dangerous species for humans. It has been
established in one building in Helsinki for 50 years,
but has neither spread nor been reported to bite
humans (Huhta 1972; Huhta pers. comm.; Pajunen
pers. comm.) (Table 4). Impact on human health also
includes fear of spiders, but no publications are
available dealing with psychological consequences
of alien spiders in Europe.

Discussion
Introduction, establishment and origin

A relatively large number of 184 species have been
recorded as introduced to Europe from all other
continents during the last 200 years. This number
corresponds to 4 % of the European spider fauna
(Nentwig et al. 2014). Moreover, only 28 % of these
species were able to establish in Europe and even in
the country with the highest number of alien species
(Germany with 30 species), this amounts only to 3 %
of the native spider fauna and thus could be considered
as negligible.

The dates of introduction and establishment of a
species in Europe are often difficult to confirm. For
most data from Schmidt (1956-1970), we do not have
a date of first introduction or specimen collection, but
only a date for the publication. In addition, we usually
have only interception dates (at border controls or
from product screening) that mostly refer to unsuc-
cessful introductions. Establishment dates logically
follow successful introductions, but it cannot be
estimated how much time has passed between both
events. It is also unknown how many unsuccessful
events preceded a successful establishment event.
Furthermore, the detection of a successful establish-
ment is often reported (usually, when the species could
be identified by a specialist) while the extinction of a
small population is typically not reported, which may

happen quite frequently. The linyphiid Hypselistes
florens has not been collected for 50 years and is
supposed to be no longer present in England. In
contrast to its detection (Locket and Millidge 1953),
the disappearance has not been published. Also, the
oonopid Diblemma donisthorpei, first mentioned and
described as a new species in 1908 from its invaded
area, a hot-house in Kew Garden, England (Pickard-
Cambridge 1908), has probably not established (Har-
vey, pers. comm. 2014), but both species are still
mentioned by Wilson (2012) as occurring in the
country.

In many families, establishment probability was
very low and most species failed to set up viable
populations. In particular, species from tropical and
subtropical climates have a rather low chance to
establish in Europe, whereas conditions for species
from North America and Asia are much better. This is
also reflected by the size and physiological adapt-
ability of the introduced species. While in general
introduced species tend to be larger than their
European close relatives (Kobelt and Nentwig 2008),
most large species had a very low chance to establish.
From the three families which comprise most of the
large spider species (Ctenidae, Sparassidae and
Theraphosidae), only one species out of 36 was able
to establish (Heteropoda venatoria, in buildings),
probably because they need tropical environments. On
the other hand, from three families with medium-sized
to small species (Pholcidae, Scytodidae, and Theridi-
idae) 24 out of 47 introduced species were able to
establish. These families comprise many species well-
adapted to dry niches in their area of origin, which
predisposes them for survival in Europe, specifically
in buildings. Generally, establishment probability is
higher for species from areas with a climate similar to
Europe, but also an adaptation to specific microcli-
mate conditions can offer an advantage. Alternatively,
many species from seemingly unsuitable climates find
suitable climatic niches in Europe, especially in hot-
houses of Botanical Gardens and Zoos, or inside
normal buildings (e.g., Holzapfel 1932; Gabriel 2010;
Sestdkovd et al. 2014). Thaler-Knoflach (2010) esti-
mated that two-thirds of all alien spider species
introduced to Central Europe live synanthropically.

All alien species have a defined area of origin, but in
some cases this may be unknown. Those are named
cryptogenic or cosmopolitan, underlining the lack of
knowledge (DAISIE 2009). In a few cases, it was
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difficult to assign an area of origin to alien species in
this study, but using expert opinion, the most probable
area of origin could be estimated for all species but
two. The linyphiid Ostearius melanopygius has been
detected all over the world within a few decades
(Ruzicka 1995) and for the ochyroceratid Theotima
minutissima it is unknown whether it comes from
America or Asia (WSC 2015 and references men-
tioned therein). Table 1 mentions their origins as
unknown.

From a biogeographic perspective, Europe (as
defined above) is treated here as a unit. This means
that a species moving from one part of Europe to
another part is not considered as alien because such a
species is native to Europe. On the one hand, this
makes sense because many species are widely dis-
tributed within Europe and are not restricted to one
climate or habitat. On the other hand, an observer may
find irritating the sudden appearance of a Mediter-
ranean species in England or even Scandinavia where
it never had been recorded previously. Climate change
is real and its effects should not be underestimated.
Spiders can disperse far more than the few metres a
spider can walk during its lifetime. Many species
balloon in a given developmental stage, and this
enables them to spread over considerable distances. In
the case of the wasp spider Argiope bruennichi
(Araneidae), initially limited to the Mediterranean
area and now occurring in England, Scandinavia and
the Baltic states, human aid is clearly excluded, and
this demonstrates how extensive natural spread in a
spider can be (Kumschick et al. 2011). This concerns
an extreme case, but many more Mediterranean
species are spreading northwards and consequently,
many examples for alien spiders mentioned by Thaler
and Knoflach (1995) and Essl and Rabitsch (2002)
refer to such natural spread. Also the Mediterranean
species listed by Nentwig and Kobelt (2010) are not
true alien to other parts of Europe and many of the
species mentioned by Wilson (2011, 2012) as alien to
the United Kingdom or by Nolan (2002) for Ireland are
of European origin and not considered here.

Pathways
There are three main pathways for alien spiders to
reach Europe, as contaminants with fruits, as con-

taminants with potted plants, and as stowaways with
containers. While for terrestrial plants and vertebrates
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the release and escape pathways are most important,
pathways for invertebrates are different (Hulme et al.
2008). There are no comparable pathway data for
spiders, but for alien insects in Austria and Switzer-
land, Kenis (2005) mentions the contaminant pathway
category as the most important, followed by the
stowaway pathway. This is in line with an analysis of
the DAISIE database where 41 % of all alien arthro-
pods where introduced with traded plants or stored
products (Rabitsch 2010). For insects, intentional
releases are also important (e.g., for biocontrol
purposes), but this does not account for spiders. The
only known intentional release of a spider species in
Europe (Nephila inaurata madagascariesis in France
at the end of the nineteenth century for silk production)
did not lead to an establishment (Bonnet 1929, 1930).
However, it is known from pet keepers that occasion-
ally releases or escapes of pet tarantulas occur, but so
far this has not led to an established population.

For spiders, the contaminant pathway of traded
commodities (mainly fruits and potted plants) con-
cerns 88 % of cases and in 26 cases this lead to an
established population. Therefore the contaminant
pathway is much more important than the stowaway
pathway with containers (12 % of cases, nine suc-
cessful establishments). After the Second World War a
tremendous increase of alien spider introductions was
caused by fruit imports, mainly bananas, primarily
from America and Africa. However, this is also due to
the good documentation by the work of Schmidt
(1953-1971) who for some time intensively collected
spiders from fruit cargo landing in the harbor of
Hamburg. The 1960s were also the time when the
survival chances for alien arthropods rapidly declined
during trans-Atlantic transports due to modified
transport techniques, especially a modified and cool
atmosphere with low O, contents of 2-5 %, high CO,
contents of 2-5 % and up to 95 % nitrogen (Hallman
2007). So it can be assumed that the decline in records
of alien spiders after 1971 was not primarily due to less
collection and publication effort, but to modified
transport conditions that were less suitable for the
import of alien species. Nevertheless, recent reports of
spiders imported with bananas (Jiger and Blick 2009)
indicate that this pathway still exists. Among other
fruits, table grapes are especially likely as a vector for
spiders (Wilson 2012; Bosselaers 2013) and system-
atic investigations in South Africa and New Zealand
have revealed frequent spider records from imported
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table grapes, including four Latrodectus species
(Ministry of Health 2002; Craemer 2006). Obviously
this pathway still needs careful control.

Tropical plants, with soil in a pot, are imported for
(1) typical botanical gardens and modern tropical
show gardens, and (2) normal customers that usually
buy potted plants for their houses. The establishment
of a tropical garden is a rather rare event, however this
artificial habitat tends to last for centuries. Therefore,
these installations that import tropical plants by the
container, can provide rather stable island habitats in
an otherwise less suitable environment for tropical
species (e.g., Holzapfel 1932; Koponen 1990, 1997).
The Tropical World in Leeds, UK (Wilson 2011) and
the Tropical Island near Berlin, Germany (Reiser
2013; Sestdkova et al. 2014) or the Biodome de
Montréal, Canada (Paquin et al. 2008) indicate that it
is still not possible to fill such buildings with plants
without importing at the same time a series of alien
spiders.

While it is well-known that plant pests are also
imported with plant imports (Perrings et al. 2005;
Rabitsch 2010) it has largely been overlooked that
species from other trophic levels may also have a fairly
good chance to be imported with plants, among them
predators such as spiders. Spiders have the predispo-
sition that they can survive harsh conditions in the
cocoon stage, attached to a plant, and this brings a
whole population at once into a new habitat. After a
few decades of primary and secondary introductions,
some theridiid species are now nearly globally
distributed and for some species it is difficult to
determine where they originated from (Levi 1967).
Potted tropical plants can be bought today in garden
centres, furniture or do-it-yourself supermarkets and
even food super markets. Competition for low prices is
high and standards of quality control are becoming
increasingly less effective. In the 150 year period from
1844 to 1994, 16 spider introductions with plants were
recorded (seven successful). Twelve introductions
were recorded for the last 20 years (1995-2014) and
10 of them were successful. Not only the import of
potted plants increased dramatically, but this has also
led to much higher introduction and establishment
rates of alien spiders.

The contaminant pathway concerns mainly fruit
imports and potted plants. It is regulated by the
responsibilities of exporters and importers, by inter-
national regulation and by quarantine procedures.

Frame programs such as the International Plant
Protection Convention (IPPC 2014) or the Plant
Health Directive of the European Union (Plant Health
Directive 2014) shall prevent introduction of pest
organisms, and a positive side-effect could be the
prevention of other organisms such as spiders. Obvi-
ously, this will not work sufficiently because more and
more spider species are imported with traded plants
and their products.

The stowaway pathway is also of increasing
importance for spiders. This pathway concerns mainly
containers and packaging material and is regulated by
the responsibility of the carrier, by international
regulation and quarantine procedures. For containers,
this usually includes fumigation with phosphine,
sulfuryl fluoride or methyl bromide (Hallman 2007).
It can only be speculated here why this does not more
efficiently prevent the introduction of spiders. Jiger
(2005) mentioned the “forgotten” fumigation of a
given container and it is possible that in many
countries the fumigation standards are too low to be
fully effective.

Impact

The environmental and socio-economic impact of
alien spiders, as analysed with GISS, is very low.
Scoring included only a few species, mainly due to
lack of data, and no species reached an impact score of
more than 4. High impact alien invasive invertebrates
have impact scores in the range of 10-30 impact points
(Vaes-Petignat and Nentwig 2014). In my interpreta-
tion, this does not allow the conclusion that alien
spiders have a low impact, it only points to the
considerable lack of knowledge we still have in this
regard.

The most pronounced environmental impact of
spiders is through the predation on other spider
species, leading to the local disappearance of species
or even extinction of all other spider species. Howev-
er, besides anecdotal descriptions (e.g., Uhlenhaut
2001 for Pholcus phalangioides in a building), there
are no analyses of the long term consequences of such
massive changes in guild structure and reduction of
native diversity. Pholcus phalangioides is an arane-
ophagic species (Jackson and Brassington 1987) of
Asian origin, now present in all European countries,
often at high densities, and it can be assumed that its
impact on the local spider community must be
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considerable. Comparably, some alien linyphiids
(Ostearius melanopygius or Mermessus trilobatus)
with locally high densities will have some environ-
mental effect, but this is yet to be investigated. Related
to this is the local displacement of native species by
invading species because they share the same niche,
which usually concerns closely related species. There
are no examples of such a displacement for Europe,
but three well-investigated case studies concern
theridiids and linyphiids: the North American Steato-
da borealis replaced by the European S. bipunctata in
anthropogenic habitats in eastern USA and Canada
(Nyffeler et al. 1986), the endemic New Zealand
Latrodectus katipo replaced by the South African
Steatoda capensis (Hann 1990), and the North
American Frontinella communis locally replaced by
the European Linyphia triangularis (Bednarski et al.
2010).

The socio-economic impacts of alien spiders’
spinning activity and subsequent reduced marketability
of ornamental plants concerns only rare situations, at
least no damage report from Europe could be found. In
principle, however, this impact category has to be
taken very seriously, as the description of Levi (1997)
and Cardenas-Murillo et al. (1997) for the European
araneid Cyrtophora citricola shows. This species is
alien and invasive in South America and is regarded
there as a major pest in apple orchards and in coffee
plantations because of its intensive web spinning
activity. Another kind of impact refers to increased
cleaning costs of buildings because of the high density
and web spinning activity of spiders, particularly when
these webs last for a long time [permanent cribellate
catching webs of dictynids (Dictyna civica, Bonnet
1931; Samu et al. 2004) and pholcids (Holocnemus
pluchei, Reiser 2013)]. Dust and dirt accumulating in
the webs of these spiders can cause severe aesthetic and
hygienic problems. However, all examples reported for
Europe so far concern Mediterranean species spreading
north. These species are of European origin and
therefore not considered here, but H. pluchei is also
known to cause considerable costs in its invaded area in
North America (Vetter et al. 2011). It is further known
that insecticides are also applied to reduce the density
of spiders in buildings. The costs of insecticides
(including costs of development, administration and
undesired side-effects) are also typical economic costs
of alien species, but there are no data available
covering this topic.
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The most pronounced impact of alien spiders in
Europe can be caused by the bites of some species to
humans. In contrast to the public opinion, however, in
Europe spider bites are usually harmless events (Nen-
twig et al. 2013). Only a few bites by alien species have
been reported for Europe, all of which were harmless
(Warrell et al. 1991). The reference to a Lampona sp.
(Lamponidae) from Australia (cited by Wilson 2011)
biting an individual in Ireland needs special consid-
eration. The basic report by Chroinin et al. (2009) states
that the coincidence of a sting or bite of unknown origin
and the presence of visitors from Australia in the same
room made the patient and her doctors believe that a
spider could have caused this which later was thought to
be Lampona. This species is not included in Table 1 due
to lack of evidence, but it indicates how even academics
deal with assumed spider bites and the threat of
venomous invasive spiders. Nevertheless, several La-
trodectus species, the only alien spiders of medical
concern which frequently but so far unsuccessfully had
been introduced to Europe, may indeed establish and
spread (Jager 2009). According to Ministry of Health
(2002) Latrodectus spiders pose a moderate health risk
because their bites may require medical intervention in
some cases with a small number of severe bites. Fatal
issues, however, are very uncommon (Nentwig and
Kuhn-Nentwig 2013).

Alien spiders could also be seen as having a
negative impact on the well-being of many humans
because they cause fear and disgust, especially if they
are large and advertised as “dangerous” (Garcia-
Palacios et al. 2002; Vernon and Berenbaum 2002).
Often spider introductions are reported by the media,
frequently in a style that provokes fear, but this is
usually far from reality and cannot be considered here.
So far, to the best of our knowledge, no publications
are available dealing with the psychosomatic conse-
quences of alien spiders in Europe.

Conclusions

Given the dynamics of introduction and establishment of
alien spiders to Europe, the next decades will approach
two species introductions per year (currently one) with
nearly one newly species established per year (currently
one per three years). The main driving force will be the
increasing international trade volume, but also climate
change will facilitate the establishment of more species
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from warmer areas where most European trade partners
are. This will also start a shift for many alien species from
a synanthropic way of life to outdoors, as already
observed by Thaler-Knoflach (2010) for a few species. It
can also be assumed that a few species will be able to
increase their densities, thus their potential impact on
native ecosystems, human economy and human health
may become more visible as discussed above.
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