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Summary

Despite being endemic to the south of the Iberian Peninsula,
Macrothele calpeiana has been repeatedly reported far from
its native range (e.g. northern Italy, Switzerland, Belgium,
Holland). Here, we confirm, using DNA barcode data, that
the specimens collected in northern Catalonia, Majorca, and
northern Italy are indeed recent introductions. Additionally,
our data suggest that they originated from different source
populations, and corroborate former suggestions that the recent
expansion of Macrothele may be linked to the commercial
transport of olive trees. Former species distribution modelling
studies have revealed that the exotic localities reported are far
from the ecological optimum of the species and hence that
introduced specimens have slim chances of survival. However,
a recent finding of several individuals of different sex and stages
in a coastal town in northern Catalonia (northeastern Iberian
Peninsula) suggests that M. calpeiana is able to reproduce
outside its native range and that microclimate conditions may
allow establishment of accidentally introduced populations.

Introduction

The funnel-web spider Macrothele calpeiana (Walck-
enaer, 1805) is the largest spider in Europe (Marquez-
Rodriguez 2014), and the only one protected under Euro-
pean law. The species is presently listed under annex IV
of the EU Habitats directive (92/43/EEC, Annex IV) as a
species of community interest in need of strict protection.
Together with Macrothele cretica (Kulczynski, 1903),
another species of conservation concern listed in the [UCN
as data deficient, they are the only representatives of the
spider family Hexathelidae in Europe. The two species
have both evolutionary and biogeographic relevance. A
recent study has revealed that their closest relatives live in
South-East Asia and China, and that the ancestors of the
two species arrived to Europe independently (Opatova &
Arnedo 2014). The two European Macrothele are narrow
endemics, M. cretica is confined to a few localities on the
island of Crete (Snazell & Allison 1989) and M. calpeiana
is mostly restricted to the southwestern Iberian Peninsula
(Jiménez-Valverde & Lobo 2006).

M. calpeiana was originally thought to be closely linked
to the highly threatened cork-oak forests (Snazell 1986) and
its inclusion in the Bern convention was most likely moti-
vated by its supposed role as bioindicator of this type of
forest. However, subsequent collections demonstrated that
the species could also be found in other type of habitats,
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including human-transformed habitats such as pine refor-
ested areas, olive plantations, and even rubbish dumps (van
Helsdingen & Decae 1992). The fact that the species is not
an obligate dweller of cork-oak forests, and may even benefit
from a light human intervention, has led some authors to
question its conservation status and the need for protection
(van Helsdingen 1993). However, although the species may
have a wider distribution and ecological range that origi-
nally proposed, phylogeographic studies have revealed that
M. calpeiana populations are highly structured and that
some deeply divergent mitochondrial lineages, that may
trace back to the early Pliocene, have extremely restricted
distributions (Arnedo & Ferrandez 2007).

In recent years, M. calpeiana has increasingly been
reported from localities distant from its native range, both in
the Iberian Peninsula and other European regions, including
southern France (Siaud & Raphaél 2013), northern Italy
(Pantini & Isaia 2008), the Netherlands, Belgium, and
Switzerland (Jiménez-Valverde et al. 2011). Because of
their dispersion and isolation, these new localities suggest
a human-mediated dispersal, probably associated with the
commercial export of olive trees (Ferrandez 2010; Pantini
& Isaia 2008).

The potential of M. calpeiana to become an invasive
species has been investigated by means of Species Distri-
bution Modelling (SDM) approaches (Jimenez-Valverde,
Decae & Arnedo 2011). This study suggested that locations
other than southern Iberia and northern Morocco were not
environmentally suitable for the species, and concluded
that the persistence of the species in such places seemed
improbable. However, the study also cautioned that rapid
adaptation to local conditions could facilitate on the future
the spread of M. calpeiana across Europe.

Here, we report for the first time a case of successful
reproduction of introduced Macrothele individuals in the
northern Iberian Peninsula, where SDM models had not
anticipated climatic suitability. In addition, we recovered
DNA barcode information from four specimens introduced
to Italy, the northern Iberian Peninsula, and the Balearic
Islands, and use phylogenetic and phylogeographic methods
to demonstrate that they can be traced back to different
populations in the native area of the species.

Material and methods

The existence of a colony of M. calpeiana in a private
estate at Begur, Girona (Catalonia, Spain) was brought to the
attention of the first author after the examination of a sample
submitted for identification to the Universitat de Girona in
summer 2014. Subsequent visits to the locality revealed the
existence of a persistent colony of M. calpeiana.

Four specimens of M. calpeiana collected in localities
supposedly out of the native range of the species were
available for molecular analyses. One female collected in
a garden centre in Girona (Catalonia, Spain), one female
captured in a private house in Inca, Majorca (Balearic
Islands, Spain), and two individuals captured in a garden
centre and olive plantation in Villa d’Alme, Bergamo
(Lombardia, Italy) (Fig. 1). In addition, we included one
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Fig. 1: Distribution map of M. calpeiana. Natural range in black. Localities
where M. calpeiana has been reported out of its suspected range
are indicated with filled circles (modified from Jimenez-Valverde,
Decae & Arnedo 2011). Open circles denote localities of specimens
used for molecular analysis. AL = Almeria, Spain; BE = Belgium;
BG = Begur, Girona, Spain; CE = Ceuta, Spain; FR = France; GI =
Girona, Spain; HO = Holland, IT = Italy; MA = Majorca, Spain, MU
= Murcia, Spain; SW = Switzerland.

Species Accession No. Locality

M. amamiensis  KJI686396 Japan: Setouchi

M. calpeiana KX538932 Iberian P.: Viver de Plajts (GI)

M. calpeiana KX538934 Italy: Villa d’Alme (BE)

M. calpeiana KX538933 Italy: Villa d’Alme (BE)

M. calpeiana KX538935 Balearic Is.: Majorca, Inca

M. calpeiana EF127271 Iberian P.: Calera de Ledon (BA)

M. calpeiana EF127253 Iberian P.: Mojon de la Vibora (CA)

M. calpeiana EF127254 Iberian P.: Arroyo Jautor, N Los Barrios (CA)
M. calpeiana EF127255 Iberian P.: S Paterna de la Ribera (CA)

M. calpeiana EF127257 Iberian P.: Los Romerales (CA)

M. calpeiana EF127264 Iberian P.: Paterna de la Rivera (CA)

M. calpeiana EF127266 Iberian P.: Paterna de la Rivera (CA

M. calpeiana EF127261 Iberian P.: Puente Genil (CO)

M. calpeiana EF127256 Iberian P.: P. Natural de Sierra Huétor (GR)
M. calpeiana EF127263 Iberian P.: Fuente de la Teja, Huétor (GR)
M. calpeiana EF127267 Iberian P.: Embalse de Quéntar (GR)

M. calpeiana EF127258 Iberian P.: A493, nr Niebla crossing (HU)
M. calpeiana EF127262 Iberian P.: Valdetravieso (HU)

M. calpeiana EF127265 Iberian P.: Molares (HU)

M. calpeiana EF127269 Iberian P.: Santa Ana la Real (HU)

M. calpeiana EF127259 Iberian P.: Pena del Aguila, Mancha Real (JA)
M. calpeiana EF127260 Iberian P.: Casas de Guadalmedina (MA)
M. calpeiana EF127268 Iberian P.: El Torcal de Antequera (MA)

M. calpeiana EF127270 Iberian P.: Archena, Las Arboledas (MU)
M. cretica KX538936 Crete: Topolia

M. gigas KX538937 Japan: Iriomote

M. gigas KJ686390 Taiwan: Kenting

M. holsti KJ686388 Taiwan: Jiaoxi

M. taiwanensis ~ KJ686428 Taiwan: Dashuashang

M. yaginumai KJ686400 Japan: Iriomote

Table 1: Information on the specimens used in the present study.
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specimen of M. cretica and one of M. gigas from Taiwan in
our analysis.

No specimens were sacrificed for the present study. Two
to three segments of the third leg were removed for DNA
extraction. The genomic DNA extractions, conditions of
PCR amplifications, and sequencing followed protocols
detailed by Arnedo & Ferrandez (2007). The DNA barcode
fragment of the mitochondrial cytochrome ¢ oxidase subunit
I (coi) was amplified using the primer pairs C1-J-1490
(Folmer et al. 1994) with C1-N- 2191 (Simon et al. 1994)
or, alternatively, C1-N-2198 (Folmer ef al. 1994).

Homologous sequences of M. calpeiana individuals from
several localities, as well as sequences form other available
Macrothele species available in Genbank, were downloaded
and combined with the new sequences in a single matrix.
Alignment was trivial since no indel events were detected.

A Maximum Likelihood (ML) phylogenetic analysis
was conducted with the help of the program RAXML 8.2.0
(Stamatakis 2014) with the aid of the graphical interface
RAXML-GUI 1.3 (Silvestro & Michalak 2012). We assigned
independent GTR+CAT models to each codon position, and
conducted 1000 bootstrap replicates to assess support and
the best tree was inferred out of 100 of the former replicates.

An haplotype network was constructed for M. calpeiana
sequences using the TCS method (Templeton, Crandall &
Sing 1992) as implemented in the programme Popart (avail-
able at http://popart.otago.ac.nz.).

Results

First observation of reproductive success in introduced
individuals

In the summer of 2014, a specimen of a large black spider
was found dead in a pool of a private estate at Begur (Cata-
lonia, Spain), and sent to the University of Girona, where
it was identified by the first author as a male M. calpeiana.
The owners of the property reported the presence of large
spider webs with funnel-like retreats at the same property.
On 29th August 2014, the first author visited the property,
found the webs, and confirmed that they belonged to M.
calpeiana. The presence of an adult female with spiderlings
were observed in the retreat of one of the webs, in holes
eroded in limestone that formed part of a decorative stone
circle around an olive tree (Fig. 2). The tree itself had been
transported there nine to ten years ago and there were no
other similar trees nearby. Two additional adult specimens
were found following examination of the remaining stones
around the tree. On 22th November 2014, the property was
visited again and a new web was located on the other side of
the same tree. The web seemed abandoned but, after turning
upside down the stone protecting the funnel retreat, one
male, one female, and two juveniles were found. An addi-
tional young individual was found on the older web already
observed three months before.

As described in the molecular section, another specimen
was found in a garden centre in Girona, approximately 30
km east of Begur, further inland.
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Fig. 2: Photographs of the private estate where male, female, and immature individuals of M. calpeiana were found in Begur, Girona, Spain. A limestone rocks
encircling an ornamental olive tree where males, females, and immatures were found in successive visits in silk retreats within the holes and crevices
of the stones; B M. calpeiana spiderlings hiding in the silk funnel retreat.

Molecular analysis

Sequences obtained in the present study were submitted
to Genbank under accession numbers KX538932-37 (Table
1). A matrix of 30 Macrothele terminals and 472 bp of the
coi gene was assembled by combining the new sequences
obtained here with those downloaded from Genbank (see
Table 1). The best ML was rooted in the branch joining the
Japanese species M. yaginumai to the remaining species
as recovered in Opatova & Arnedo (2014) (Fig. 3). All
samples of M. calpeiana, including the new sequences from
allegedly introduced individuals, form a supported clade.
All other Macrothele species analysed are highly divergent
from M. calpeiana. The other European species, M. cretica,
is not closely related to M. calpeiana, although support for
basal relationships is low.

M. yaginumai

A reduced matrix including only fully overlapping M.
calpeiana sequences (23 sequences, 429 bp) was used to
infer an haplotype network (Fig. 4). The individual from
Majorca (RA258) was found to share the same haplotype
as an individual from Jaen (EF127259) belonging to the
haplogroup IV in Arnedo & Ferrandez (2007), while the
individuals from Girona and Italy shared the same haplo-
type, which was also found in haplogroup II from Cadis.

Discussion

Molecular data confirmed the identification of the M.
calpeiana specimens recently collected outside its natural
range, and further suggested that the specimens are the
result of recent introductions as they all shared identical
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Fig. 3: Best Maximum Likelihood tree. White circles on nodes denote Bootstrap support above 80%. Accession numbers in terminals as in Table 1. Scale bar
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Fig. 4: Statistical parsimony haplotype network of coi. Haplotypes grouped and labelled after Arnedo & Ferrandez (2007).

haplotypes to those found in native populations. Interest-
ingly, our results point out to at least two different sources of
invasion. The specimens from Girona and Italy share haplo-
types with individuals collected in Cadis, and the specimen
from Majorca with Jaen populations. Incidentally, the Jaen
population itself has been suggested to be the result of
either human introduction or recent natural expansion, since
the species was only recently discovered in this province
(Ferrandez et al. 1998; Ruiz-Luque 2001); most populations
are found in secondary-growth pine forests (Pedrajas Pulido
& Sanz del Pozo 2010), and molecular data reveals close
affinities with populations further south (Malaga, Granada)
(Arnedo & Ferrandez 2007).

The recent finding of M. calpeiana in localities far
from its known distribution range has been related to the
commercial export of olive trees from southern Spain
(Ferrandez 2010; Pantini & Isaia 2008). A Macrothele spec-
imen recently captured in southern France (Cuges-les-Pins)
was collected from the hollow of a centenary olive tree, in
this case brought from Alicante (Siaud & Raphaél 2013).
All the specimens analysed here were collected in garden
centres and private gardens close to ornamental olive trees.

The identification of more than one source population
among only three samples analysed suggest that the intro-
duction of Macrothele, and probably other species asso-
ciated with gardening, is not an exception but a general
trend. For example, 18 species of terrestrial planarians are
known to have been introduced in Europe (Alvarez-Presas
et al. 2014), most likely as a result of the transport of live
garden plants with soil (Justine ef al. 2014). The evidence
for the recurrent introduction of exotic fauna calls for

the implementation of additional measures to control the
commercial transport of live plants at regional and national
levels.

To date, all introduced specimens of M. calpeiana have
been found in human settlements, hence there is no evidence
that the spider has spread into natural habitats. Invasive
predators may have pernicious effects on local diversity, not
only on potential prey but also on native predators (Snyder
& Evans 20006). Several cases of invasive spiders have been
reported in the literature (Houser, Ginsberg & Jakob 2014),
but their impact on native fauna, either as a result of compe-
tition or direct predation, is idiosyncratic. M. calpeiana is a
large, generalist predator (Gallon 1994) and its introduction
could potentially have a significant impact on local ecosys-
tems. Although cases of envenomation have been reported
for its Taiwanese relatives (Hung & Wang 2004), there is
no record so far that European species may pose a threat to
human health.

The chances for M. calpeiana to invade natural areas
will depend on the existence of adequate environmental
conditions, the ability to disperse from human settlements
to natural areas, and a viable number of adult individuals.
An earlier study suggested that most localities where M.
calpeiana had been newly reported fell outside the predicted
distribution range of the species based on climatic variables.
However, we report here for the first time the existence
of a likely reproductive population in Begur, an area not
predicted by climatic models (Jimenez-Valverde, Decae &
Arnedo 2011). Because of its close proximity to the Medi-
terranean Sea, the lower minimum and higher maximum
temperatures in Begur are more moderate that those in
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nearby inland areas such as Girona, where the species has
also been found in a garden centre Particular microclimatic
conditions may explain why climatic models fail to predict
the presence of species at lower geographic scales.

Conclusion

We provide evidence that M. calpeiana has been intro-
duced in different places in Europe and the Iberian Penin-
sula from different source populations in its native range,
most likely as a result of the commercial transport of olive
tree for agriculture and gardening. Moreover, we report the
existence of a reproductive population that may have been
present in northern Catalonia for a decade, which confirms
that the species may actually be able to invade regions
not predicted by broad scale climatic models. Our results
support the recurrence of Macrothele introductions, and call
for the implementation of measures to control the transport
of olives and probably other ornamental trees.
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