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Abstract

Biological invasions are considered a major driver of biodiversity loss, particularly on islands. Invasive
alien ants can often have severe consequences on native biodiversity. Here, we review published and new
information on alien ant species found on the Mediterranean island of Cyprus, a biodiversity hotspot. Our
checklist of alien ants of Cyprus includes a total of 17 species, of which nine are reported from Cyprus
for the first time (*): Camponotus cf. vitiosus Smith, Cardiocondyla mauritanica Forel, 1890, Cardiocondyla
obscurior Wheeler, W.M., 1929%, Hypoponera punctatissima (Roger, 1859)*, Monomorium bicolor Emery,
1877, Nylanderia jaegerskioeldi (Mayr, 1904), Paratrechina longicornis (Latreille, 1802), Pheidole fadli Sharaf,
2007%, Pheidole indica Mayr, 1879, Solenopsis sp. (thief ant)*, Tezramorium bicarinatum (Nylander, 1846)*,
Tetramorium caldarium (Roger, 1857)*, Tetramorium immigrans Santschi, 1927%, Tetramorium lanuginosum
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Mayr, 1870%, Trichomyrmex destructor (Jerdon, 1851), Trichomyrmex mayri (Forel, 1902)*, and Wasmannia
auropuncrata (Roger, 1863). We did not include three previously reported alien species for which we could
not find supporting specimens [Monomorium pharaonis (Linnaeus, 1758), Nylanderia vividula (Nylander,
1846), Solenopsis geminata (Fabricius, 1804)], one based on a previous misidentification [Cardiocondyla
nuda (Mayr, 1866)], and two species now considered native to Cyprus [Hypoponera eduardi (Forel, 1894),
Monomorium subopacum (E. Smith, 1858)]. Literature records, specimens from field surveys and museum
collections, the geographic origin of species, occupied habitats in Cyprus, and notes on invasiveness (spread
and impact) are presented for each species. An identification key to distinguish alien from native ant species
in Cyprus is provided, including widespread alien ants not yet known from Cyprus in order to support early
detection, monitoring, and management efforts.
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Introduction

Biological invasions are considered a major driver of global biodiversity loss, with
profound impacts on the extinction risk and evolutionary histories of island species
(Mooney and Cleland 2001; Reaser et al. 2007; Butchart et al. 2010; Russell et al.
2017; Leclerc et al. 2018; IPBES 2019). Of 520 ant species found transported outside
their native range globally, almost half of them have managed to establish viable, self-
sustaining populations in their invaded range, although only relatively few have been
assessed as harmful (Wong et al. 2023). A recent study assessing socio-economic and
environmental impacts of alien ants, documented 31 species as highly invasive (Gruber
etal. 2022). Alien ants have been found to have adverse environmental impacts on na-
tive flora and fauna, largely through competition and predation, and in some cases lead
to the extinction of native species. Additionally, alien ants have serious socio-economic
impacts as household pests, and threaten human and animal health as both vectors
of pathogens and through their venomous stings which may cause allergic reactions
(Angulo et al. 2022; Gruber et al. 2022).

The Mediterranean Basin is a global biodiversity hotspot with a plethora of endem-
ic species in need of conservation (Myers et al. 2000). Situated at the crossroad between
three continents, Cyprus constitutes the 3™ largest Mediterranean island covering an
area of 9,251 km?. The island is a centre of endemism for Mediterranean plants host-
ing 146 endemic species and subspecies (8.85% endemism rate) (Hand et al. 2011,
2019; Cheikh Albassatneh et al. 2021) and is also considered a centre of endemism for
mammals (Hadjisterkotis and Masala 1995) as well as European and Middle Eastern
birds (Bibby et al. 1992). Regarding its insect biota, recent comprehensive studies on
the wild bees of Cyprus indicate the presence of 21 endemic species of Anthophila
(5.7% endemism rate) (Varnava et al. 2020). Data on other hymenopteran taxa remain
unpublished or largely unknown.

The myrmecofauna of Cyprus is considered relatively understudied, with pub-
lished reports of 65 native and nine alien species (Janicki et al. 2016; Guénard et al.
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2017); constituting fewer species than the neighbouring island of Crete, an island of
similar area, where 93 native and 10 alien species have been collected (Salata et al.
2020; Lapeva-Gjonova et al. in prep). Nonetheless, a number of endemic species and
subspecies have been described from Cyprus, including Cataglyphis aphrodite Salata,
Demetriou, Georgiadis & Borowiec, 2023, Cataglyphis chionistrae Salata, Demetriou,
Georgiadis & Borowiec, 2023 (Salata et al. 2023a), Crematogaster cypria Santschi,
1930 (Salata and Borowiec 2015b), Lasius cyperus Seifert, 2020 (Seifert 2020), and
Oxyopomyrmex pygmalioni Salata & Borowiec, 2015 (Salata and Borowiec 2015a), as
well as subspecies such as Crematogaster inermis aphrodite Santschi, 1937, Solenopsis
Sfugax cypridis Santschi, 1934 and Temnothorax bulgaricus cypridis (Santschi, 1930)
(Santschi 1930, 1934, 1937). In addition, several more endemic taxa are currently be-
ing described (Salata, Demetriou, Georgiadis and Borowiec, unpubl. data).

The first checklist of the alien ants of Cyprus (Salata et al. 2019) and a recent
review on the island’s alien insect-fauna (Demetriou et al. 2023a) both included nine
species of ants, though these checklists differed in four species. Here, we review pub-
lished and new information on alien ants found on the Mediterranean island of Cy-
prus. We perform a focused study on the alien ant fauna of Cyprus, both to provide
a more comprehensive list, and reconcile existing incongruences in the literature re-
garding ant species presence on the island. Considering the adverse environmental
and socio-economic impacts of alien ants, an updated, annotated checklist is provided
alongside an identification key to distinguish alien from native ant species of Cyprus.
The presence of alien ants in the NATURA 2000 network and their land-cover usage
are analysed and discussed.

Materials and methods

Data collection and specimen identification

A literature review was carried out to collate all available records of alien ants reported
from Cyprus including species catalogued in the Global Ant Biodiversity Informatics
(GABI) database (Janicki et al. 2016; Guénard et al. 2017) and scientific literature
(Emery 1909, 1910; Georghiou 1977; Georgiadis et al. 2017; Salata et al. 2019; Dem-
etriou et al. 2022, 2023a). In addition, specimens collected in the field by the authors
on the island during 2012, 2021 and 2022, deposited in the collections of L. Borowiec
and S. Salata (Department of Biodiversity and Evolutionary Taxonomy, University of
Wroctaw, Poland — DBET), Ch. Georgiadis (Museum of Zoology of the University
of Athens, Greece — ZMUA), J. Wetterer (Smithsonian National Museum of Natural
History, Washington, USA) and J. Demetriou (pers. collection) as well as material in
the Museum of Natural History of the University of Wroclaw, Poland (MNHW) and
Natural History Museum of Crete NHMC) were examined (Suppl. material 1).

The identification of the ants was performed by comparing the specimens with type
material deposited in museum collections such as that of MNHW alongside regional
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works on European ants and recent published revisions for genera and species com-
plexes/groups (Agosti and Collingwood 1987; Seifert 2003, 2018, 2020; Czechowski
etal. 2012; Seifert et al. 2017; Wagner et al. 2017).

Establishment status

The establishment status of alien ants was catalogued as Established i.e. “non-native
species records with established populations in the wild” or Indoors introduced i.e.
“non-native species records without established populations in the wild (e.g. in build-
ings, greenhouses, airports, quarantine surveys)” noting that within GABI the equiva-
lent categories are given as exotic (= established) and indoors introduced (Janicki et al.
2016; Guénard et al. 2017). Lastly, the establishment status of data-deficient species is
given as “Unknown”.

The native origin of species was decided based on GABI accessed through the
antmaps.org website (Janicki et al. 2016; Guénard et al. 2017) and available scientific
literature on the native range of species. Each species was assigned to one or more
biogeographic realms sensu Holt et al. (2013). Criteria in Essl et al. (2018) were also
applied to determine whether some species could be regarded as alien or native.

Identification key

A dichotomous identification key to distinguish alien from native ant species inhabit-
ing Cyprus was constructed using available scientific literature and specimens (Seifert
2003; Sharaf et al. 2016; Salata et al. 2020; Gotzek and Martinez 2021; Borowiec and
Salata 2022). Additionally, several alien and invasive alien species included in the 100
of the world’s worst invasive alien species (Anoplolepis gracilipes, Linepithema humile,
Pheidole megacephala, Solenopsis invicta and Wasmannia auropunctata) (GISD 2023),
alien invasive species of Union Concern (Solenopsis geminata, S. invicta, S. richteri
and W auropunctata) (EU 2022/1203), species listed in a horizon scanning exercise
(Peyton et al. 2019) (L. humile and W, auropunctata), alien ant species inhabiting the
Eastern Mediterranean (Janicki et al. 2016; Guénard et al. 2017) as well as interna-
tional and regional lists of widespread alien ants (Vonshak and Ionescu-Hirsch 2009;
Wetterer 2009a, 2014a, b; Pospischil 2011; Borowiec 2014; Schifani 2019; Kiran and
Karaman 2020; Salata et al. 2020; Pawluk et al. 2022a, b; Demetriou et al. 2023a)
were added to the identification key to facilitate early detection, monitoring and man-
agement efforts across Cyprus.

Spread and invaded habitats

The distribution of alien ant species within Cyprus was mapped. A total of 281 geo-
referenced observations (Suppl. material 1) were pooled in QGIS Version 3.18.2 free
and open source Geographic Information System (https://qgis.org/en/site/) and were
assigned to their respective land cover and presence within the NATURA2000 network.
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Boundaries and habitat types were based on the European layers of Corine Land Cover
(CLC) project version CLC2018 and NATURA2000 sites, downloaded from Coper-
nicus Land Monitoring Service and the European Environmental Agency, respectively.
The occurrence of species within the boundaries of the protected RAMSAR site of Ak-
rotiri (hteps://rsis.ramsar.org/RISapp/files/1375/pictures/ GB1375map.pdf) (RAMSAR
site code: 1375), was also documented. In addition to these distribution maps, infor-
mation on occupied habitats are given, providing additional information alongside the
broad CLC types. Therefore, with reference to the Copernicus Land Monitoring Service,
records of ants within the following land-cover types were mapped: artificial surfaces,
agricultural areas, forest and semi-natural areas, wetlands and water bodies as well as
their respective sub-categories (https://land.copernicus.eu/user-corner/technical-library/
corine-land-cover-nomenclature-guidelines/html). The area of occupancy (AOO) and
extent of occurrence (EOO) of species were calculated through GeoCAT in a2 x 2 km?
grid, following guidelines of the International Union for the Conservation of Nature
(IUCN) for the assessment of extinction risk of taxa TUCN 2001; Bachman et al. 2011).

Specimen photography

Photographs of specimens, unless stated otherwise, were taken by Prof. L. Borowiec
using Nikon SMZ18 and Nikon SMZ 1500 stereomicroscopes, Nikon D5200 camera
and Helicon Focus software. Locality data for each photographed specimen are pro-
vided in the figure titles.

Results

The updated checklist of alien ants of Cyprus currently comprises of 17 species
(Table 1). Six species previously included on checklists were removed. In particular,
records of Cardiocondyla nuda (Mayr, 1866), Monomorium pharaonis (Linnaeus, 1758),
Nylanderia vividula (Nylander, 1846) and Solenopsis geminata (Fabricius, 1804) are
considered as dubious, while Hypoponera eduardi (Forel, 1894) and Monomorium sub-
opacum (Smith, E, 1858) are currently considered as native to the island. Furthermore,
eleven species are added, including the recently detected invasive alien Wasmannia
auropunctata (Roger, 1863) (Demetriou et al. 2022), Camponotus cf. vitiosus (Salata
et al. 2023b) and newly presented records of Pheidole fadli Sharaf, 2007, C. obscu-
rior Wheeler, W.M., 1929, Tetramorium bicarinatum (Nylander, 1846), 1. caldarium
(Roger, 1857), T immigrans Santschi, 1927, 1. lanuginosum Mayr, 1870, Solenopsis
sp_CYP139, T. mayri (Forel, 1902), and H. punctatissima (Roger, 1859) (Tables 1, 2).

The five species with the highest AOO in decreasing order are M. bicolor, P in-
dica, N. jaegerskioeldi, P longicornis and W, auropunctata, while regarding their EOO
this order is: 77 bicarinatum, M. bicolor, P indica, P longicornis and N. jaegerskioelds,
in decreasing order (Table 2). The majority of alien species have been collected in the
island’s lowlands, below the altitude of 500 m. Nevertheless, M. bicolor and T. mayri
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Table I. List of alien ants of Cyprus and accompanying notes including previous lists, (1) Salata et al.
(2019), (2) Demetriou et al. (2023a), and updates from (3) Present study.

Subfamily Tribe Species 1 2 3 Notes
Formicinae Camponotini Camponotus cf. vitiosus X
Lasiini Nylanderia jaegerskioeldi X X X
Paratrechina longicornis X X X
Myrmicinae Attini Pheidole fadli X New addition — new record
Pheidole indica X X X
Wasmannia auropunctata X
Crematogastrini  Cardiocondyla mauritanica X X X
Cardiocondyla nuda X Removed as dubious
Cardiocondyla obscurior X New addition — new record
Tetramorium bicarinatum X New addition — new record
Tetramorium caldarium X New addition — new record
Tetramorium immigrans X New addition — new record
Tetramorium lanuginosum X New addition — new record
Solenopsidini Monomorium bicolor X X X
Monomorium pharaonis X X Removed as dubious
Monomorium subopacum X Removed as native
Solenopsis geminata X X Removed as dubious
Solenopsis sp_CYP139 X New addition — new record
Trichomyrmex destructor X X
Trichomyrmex mayri X New addition — new record
Ponerinae Ponerini Hypoponera eduardi X Removed as native
Hypoponera punctatissima X New addition — new record
Total alien species 9 9 17

have reached altitudes of 550 and 600 metres, respectively, and C. cf. vitiosus has been
collected in the Cedar Valley protected area (CY20000006) at an altitude of approx.
1200 m. A total of seven alien species were collected from 20 protected areas within the
NATURA 2000 and RAMSAR network. Monomorium bicolor was found in 15 pro-
tected sites, followed by P longicornis and 1. mayri each in three. The Akamas Peninsula
(sites CY4000010 and CY4000023) was the protected area with the highest number of
alien ants (hosting four alien species), followed by the Akrotiri Peninsula RAMSAR site
with three alien species. The sites Koili — Mavrokolympos (CY4000008), Faros Kato
Paphou (CY4000013), Alykes Larnakas (CY6000002) and Periochi Kosiis — Pallourok-
ampou (CY6000009) each hosted two alien species, with the remaining protected areas
having only one alien species (Suppl. material 2). Only three alien species have been
reported from Cyprus during the 20" century. The remaining 14 species were recorded
within the last decade (2012-2022).

According to the CLC analysis, 90% of georeferenced records of alien ants have
been collected from anthropogenic habitats (Fig. 1). These include artificial surfaces
(61%) and agricultural areas (29%), with further information provided in Suppl. ma-
terial 1. Only 9% of records were associated with semi-natural and natural areas, with
two records (1%) corresponding to inland water bodies, specifically ants collected close
to water reservoirs.
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Table 2. Spatiotemporal characteristics of alien ants species in Cyprus, including their area of occupancy
(AOO) and extent of occurrence (EOO) in a 2 x 2 km? grid, altitudinal range in metres (rounded off to
the nearest 50s), number and code(s) of occupied protected areas as well as the year of first official pub-
lished record and associated reference.

No. Taxonomy Spread (km?)  Altitude Protected areas First official published
range (m) record
Species AOO EOO No. Code(s) Detection  Reference
year
1 Camponotus cf. vitiosus N/A N/A 1200 2 CY2000006 2012 Salata et al.
CY2000016 2023b
2 Nylanderia jaegerskioeldi 80 4,728 0-400 5 CY4000008 1910  Emery (1910)
CY4000010
CY4000023
CY6000009
RAMSAR1375
3 Paratrechina longicornis 72 4,915 0-150 3 CY4000010 2012 Salata et al.
CY4000023 (2019)
CY6000002
Pheidole fadli N/A  N/A 100 0 N/A 2022 present study
5 Pheidole indica 100 4,963 0-400 2 CY4000008 2012 Salata et al.
CY4000013 (2019)
6 Wasmannia auropunctata 60 410 0-300 0 N/A 2022 Demetriou et
al. (2022)
7 Cardiocondyla 36 4,043 0-150 0 N/A 1909  Emery (1909)
mauritanica
8  Cardiocondyla obscurior 16 65 0-50 0 N/A 2012 present study
9 Tetramorium bicarinatum 12 9.878 0-100 0 N/A 2022 present study
10 Tetramorium caldarium N/A N/A 100 0 N/A 2022 present study
11 Tetramorium immigrans 8 N/A 0-100 0 N/A 2022 present study
12 Tetramorium lanuginosum 28 247 0-100 2 CY4000010 2013 present study
CY4000023
13 Monomorium bicolor 264 6,318 0-600 15 CY3000007 2012 Salata and
CY3000008 Borowiec
CY4000003 (2015b)
CY4000005
CY4000007
CY4000010
CY4000013
CY4000019
CY4000020
CY4000021
CY4000023
CY4000025
CY6000002
CY6000009
RAMSAR1375
14 Solenopsis sp_CYP139 16 1,185 0-100 0 N/A 2022 present study
15 Trichomyrmex destructor 16 159 0-100 0 N/A 1925 Georghiou
(1977)
16 Trichomyrmex mayri 32 4,074 0-550 3 CY2000004 2022 present study
CY2000013
RAMSAR1375

17 Hypoponera punctatissima ~ N/A N/A 100 0 N/A 2022 present study
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Figure |. Number of georeferenced records of alien ants and respective percentage within broad Corine
Land Cover (CLC) types in Cyprus (A). Percentage and number of georeferenced records for each species
of alien ant collected in Cyprus per broad CLC type (B).

Commented checklist
Alien ants of Cyprus

Formicinae
Formicini

Camponotus cf. vitiosus
Fig. 2

Literature records. (Salata et al. 2023b).

Material examined. Suppl. material 1.

Origin. Sino-Japanese biogeographic realm.

Habitat details. Collected once from Cedar valley (Paphos), in high altitude
(1196 m) in natural pine and cedar forest (Salata et al. 2023Db).

Degree of establishment. Unknown.

Notes. A species resembling C. vitiosus was first recorded for the Mediterrane-
an Basin from Israel, as Camponotus (Myrmamblys) sp. near vitiosus Smith, E, 1874
(Ionescu-Hirsch 2009). Specimens were intercepted at the Ashdod Port “in bamboo
from China” (Ionescu-Hirsch 2009), while no additional records of the species have
been provided since. A worker and a queen of the species were collected from the Ce-
dar valley in 2012, situated within the Troodos mountain range, and the overlapping
protected NATURA 2000 sites CY2000006 and CY2000016. Follow-up field surveys
in 2022 provided no further material. In its native range (China, Japan and Korea),
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Legend
O Camponotus vitiosus

Figure 2. Habitus of minor worker of Camponotus cf. vitiosus (from Paphos, Cedar Valley) in lateral view

above (scale bar: 1 mm) and its known distribution in Cyprus below.
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C. vitiosus has been collected both from urban and natural habitats in the lowlands
and high mountains (Guénard and Dunn 2012; Kim and Lyu 2012; Park et al. 2014).
The exact identity of this morphospecies will be further investigated with the help of
molecular tools and sampling to retrieve any additional material.

Lasiini

Nylanderia jaegerskioeldi (Mayr, 1904)
Fig. 3

Literature records. Emery (1910); Georgiadis et al. (2017); Salata et al. (2019).

Material examined. Suppl. material 1.

Origin. Africa and Arabian Peninsula (Afrotropical and Saharo-Arabian biogeo-
graphic realms).

Habitat details. Common synanthropic species collected from urban habitats,
plant nurseries, and households as well as from semi-natural and natural habitats such
as a beach, stream valley, canyon, pastureland, and a river bank.

Degree of establishment. Established.

Notes. In Sicily aggressive behaviour towards Pheidole pallidula (Nylander, 1849)
has been observed, although typically across the Mediterranean N. jaegerskioeldi is
mostly collected from anthropogenic habitats (Obregén Romero and Reyes Lépez
2012; Schifani and Alicata 2018; Reyes-Lépez and Taheri 2018). In Cyprus, the spe-
cies has been found indoors as a household pest, as well as in five natural protected
areas including the Akrotiri marsh RAMSAR site. More research on its impacts on
native ant communities is required.

Paratrechina longicornis (Latreille, 1802)
Fig. 4

Literature records. Salata et al. (2019).

Material examined. Suppl. material 1.

Origin. Indian subcontinent (Tseng et al. 2022) (Indomalayan biogeographic
realm).

Habitat details. Common species in urban areas (garden, parks, parking lots,
roadsides) and disturbed semi-natural habitats (beach, dirt road, field, waterfront).

Degree of establishment. Established.

Notes. This synanthropic species is widespread across Cyprus and has been collect-
ed from a variety of habitats. In Greece, P longicornis can be found in the Dodecanese,
inhabiting disturbed habitats in the lowlands and invading households (Borowiec and
Salata 2022). Nevertheless, the species has been found to co-occur with native species,
showing no signs of aggression (Salata et al. 2019). In Cyprus, the species can be found
in urban and semi-natural habitats with evident human intervention and no adverse
impact on native ant species has been observed. Nevertheless, detailed studies on the
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——
100 km o ; ;
O Nylanderia jaegerskioeldi

Figure 3. Habitus of Nylanderia jaegerskioeldi (Mayr, 1904) (specimen from Paphos, Baths of Aphrodite)

in lateral view above (scale bar: 1 mm) and its known distribution in Cyprus below.

impacts of P. longicornis on native biodiversity are necessary. Paratrechina longicornis is
also known to tend honeydew producing Hemiptera such as aphids (Saddiqui et al.
2019). In Cyprus, it was collected from Eucalyptus foliage probably feeding on hon-
eydew secreted from Glycaspis brimblecombei Moore, 1964. Such a behaviour could
exacerbate the socio-economic impacts of the psyllid. Further research on the impacts
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Legend

O Paratrechina longicornis

Figure 4. Habitus of Paratrechina longicornis (Latreille, 1802) (specimen from Paphos, Baths of Aphro-
dite) in lateral view above (scale bar: 1 mm) and its known distribution in Cyprus below.

of the species as a household pest and its interactions with agricultural pests such as
aphids or the alien cricket Myrmecophilus americanus Saussure, 1877 (Wetterer and
Hugel 2014) could be prioritised.
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Myrmicinae
Attini

Pheidole fadli Sharaf, 2007
Fig. 5

Literature records. N/A.

Material examined. Suppl. material 1.

Origin. Egypt (Sino-Arabian biogeographic realm).

Habitat details. Only one specimen collected from a plant nursery in Paphos.
Probably unintentionally introduced through the horticultural pathway in soil.

T Legend
o O Pheidole fadli

Figure 5. Habitus of Pheidole fadli Sharaf, 2007 major worker (left, from Egypt, Aswan, photographed

by Michele Esposito, from www.antweb.org, CASENT0919803) and minor worker (right, from Paphos,
Lemba) in lateral view (scale bar: 1 mm) and its known distribution in Cyprus below.


http://www.antweb.org/specimen/CASENT0919803

30 Jakovos Demetriou et al. / NeoBiota 88: 17-73 (2023)

Degree of establishment. Unknown.

Notes. The species was first described in Fadl et al. (2007) from specimens col-
lected near the river Nile and was considered to be endemic to Egypt. A single speci-
men was collected in Paphos from a plant nursery, under plastic sheets placed on the
soil. It was probably introduced unintentionally in potted plants from Egypt but this
is not confirmed. The high soil moisture and temperature in the glasshouse may have
provided suitable microhabitats for the species.

Pheidole indica Mayr, 1879
Fig. 6

Literature records. Salata et al. (2019).

Material examined. Suppl. material 1.

Origin. Indomalayan biogeographic realm.

Habitat details. Inhabiting urban habitats including parks, parking lots, pedes-
trian paths, plant nurseries, ports and parks as well as semi-natural habitats associated
with humans such as sea and lake shores.

Degree of establishment. Established.

Notes. Synanthropic species collected from urban and semi-natural habitats in
which there is human activity. In the Balearics, it [as Ph. teneriffana] has been observed
to attack native Zezramorium cf. caespitum (Gémez and Espadaler 2006). Nevertheless,
according to Sarnat et al. (2015), “Pheidole indica is not considered to be a major pest
to either agriculture or native ecosystems”, although “further studies are required to
test its ecological and agricultural impact outside its native range”.

Wasmannia auropunctata (Roger, 1863)
Fig. 7

Literature records. Demetriou et al. (2022).

Material examined. Suppl. material 1.

Origin. Central and South America (Panamian and Neotropical biogeographic
realms).

Habitat details. Exclusively associated with human presence. Specimens have
been collected from plant nurseries, greenhouses, urban parks, parking lots and pedes-
trian paths near hotels and tourist sites.

Degree of establishment. Established.

Notes. In invaded territories, W auropunctata has been found to negatively af-
fect native biodiversity as well as human and animal health (Lubin 1984; Hayashi
1999; Wetterer et al. 1999; Roque-Albelo and Causton 1999; Nishida and Evenhuis
2000; Roque-Albelo et al. 2000; Wetterer and Porter 2003; Mbenoun-Masse et al.
2017; Kidon et al. 2022). Only recently detected in Cyprus (Demetriou et al. 2022),
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Figure 6. Habitus of Pheidole indica Mayr, 1879 major worker (left, from Limassol, Polemidia) and
minor worker (right, Paphos, Agios Neofytos Monastery) in lateral view (scale bar: 1 mm) and its known

distribution in Cyprus below.

W, auropunctata seems to be widely distributed in the Western part of the island
(Paphos district). The abundance of the species seems to be variable, with only a few
specimens collected from some sites and very high numbers from others. For exam-
ple, in tourist sites, such as a hotel garden in Coral Bay and the Kato Paphos harbour,
large numbers of the species were recovered while beating ornamental plants (H:bis-
cus rosa-sinensis and Ficus microcarpa), while sidewalks of a park in Mesogi, a hotel
garden in Coral Bay and a hotel parking lot had very large colonies. More research is
needed to comprehensively map the distribution of W, auropunctata in Cyprus and
to assess interactions with native ants.
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Figure 7. Habitus of Wasmannia auropunctara (Roger, 1863) (from Paphos, Kissonerga) in lateral view
above (scale bar: 1 mm) and its known distribution in Cyprus below.
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Crematogastrini

Cardiocondyla mauritanica Forel, 1890
Fig. 8

Literature records. Emery (1909).

Material examined. Suppl. material 1.

Origin. Saharo-Arabian biogeographic realm.

Habitat details. Found in urban (park, parking lot), agricultural (plant nursery)
and natural habitats (dry river bank, reservoir).

Degree of establishment. Established.

Notes. Cardiocondyla mauritanica is known to prefer xerothermous, urban and
semi-arid environments (Seifert 2003; Wetterer 2014b). According to its ecological
preferences, in Cyprus it has been collected from the lowlands, in disturbed areas with
evident human interference.

Cardiocondyla obscurior Wheeler, W.M., 1929
Fig. 9

Literature records. N/A.

Material examined. Suppl. material 1.

Origin. Indomalayan biogeographic realm.

Habitat details. Collected from urban habitats in Paphos foraging on trees, shrubs
as well as on the ground in gardens and parking lots.

Degree of establishment. Established.

Notes. Native to Indomalaya, C. obscurior has been recorded from Europe and the
Mediterranean as an indoor introduced species in France, Germany and the Nether-
lands (Seifert 2003; Blatrix et al. 2018; Boer et al. 2018) as well as an established alien
species in Egypt, Israel, Syria and Spain (Donisthorpe 1930; Mohamed et al. 2001;
Seifert 2003; Sdnchez-Garcia and Espadaler 2015; Janicki et al. 2016; Trigos Peral and
Reyes-Lépez 2016; Espadaler and Ortiz de Zugasti 2019). In contrast to recent find-
ings of a single specimen in Greece (Demetriou et al. 2023b), C. obscurior seems to be
established on the island of Cyprus with specimens being collected both on trees, ac-
cording to its arboreal habits (Espadaler and Ortiz de Zugasti 2019) and from the soil.

Tetramorium bicarinatum (Nylander, 1846)
Fig. 10

Literature records. N/A.
Material examined. Suppl. material 1.
Origin. Indomalayan biogeographic realm.
Habitat details. Collected from two plant nurseries and a zoo in Paphos.
Degree of establishment. Indoor introduced.
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Figure 8. Habitus of Cardiocondyla mauritanica Forel, 1890 (from Limassol, Molos) in lateral view above
(scale bar: 1 mm) and its known distribution in Cyprus below.
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Figure 9. Habitus of Cardiocondyla obscurior Wheeler, W.M., 1929 (from Paphos, Kato Paphos) in lat-
eral view above (scale bar: 1 mm) and its known distribution in Cyprus below.

Notes. The distribution of this species on the island of Cyprus should be moni-
tored. It is predicted to have socio-economic impacts on households or horticultural
plants, through mutualistic relationships with aphids and scale-insects including Aphis
gossypii Glover, 1877 (Saddiqui et al. 2019), an alien aphid species collected from a
variety of arable and ornamental plants (Morris 1937; Georghiou 1977).
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Figure 10. Habitus of Zezramorium bicarinatum (Nylander, 1846) (from Paphos, Paphos Zoo) in lateral
view above (scale bar: 1 mm) and its known distribution in Cyprus below.
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Tetramorium caldarium (Roger, 1857)
Fig. 11

Literature records. N/A.

Material examined. Suppl. material 1.

Origin. Afrotropical biogeographic realm.

Habitat details. Found only from a zoo.

Degree of establishment. Unknown.

Notes. A species that has been detected only from a few countries in the Mediterrane-
an region, including France (Radchenko 2004), mainland Spain and the Balearic Islands
(Reyes and Espadaler 2005; Gémez and Espadaler 2006) as well as Egypt (Donisthorpe
1942) and Morocco (Cagniant and Espadaler 1993; Cagniant 1997; Taheri and Reyes-
Lépez 2018) in Northern Africa. According to Bolton (1980), the species is “associated
with man and living in hothouses, zoos, or other constantly heated buildings”, although it
has also been collected from urban habitats in gardens, terraces, and flowerpots (Cagniant
1997) being currently widespread in the cities and coasts of Morocco (Taheri and Reyes-
Lépez 2018). In Cyprus, the species has been collected only from a zoo, during ant col-
lection on pavements and outdoors areas. Despite its worldwide distribution, no adverse
ecological impacts have been recorded for the species (Wetterer and Hirta-Garcia 2015).

Tetramorium immigrans Santschi, 1927
Fig. 12

Literature records. N/A.

Material examined. Suppl. material 1.

Origin. Central Asia and Europe (Palearctic biogeographic realm).

Habitat details. Found from only two collecting sites in Paphos district, a zoo and
Kato Paphos area.

Degree of establishment. Established.

Notes. A member of the recently taxonomically revised Zezramorium caespitum
complex, currently widespread in Europe and the Mediterranean that has been found
in anthropogenic and natural habitats (Wagner et al. 2017; Demetriou et al. 2023b).
The species has been found to hybridise and compete with native Mediterranean spe-
cies (Wagner et al. 2017; Cordonnier et al. 2019; Schifani et al. 2022). Although the
native and invaded range of 7. immigrans needs further examination, its presence in
only two urban areas and absence from sampled natural habitats leads us to assume
that the species is alien to the island.

Tetramorium lanuginosum Mayr, 1870
Fig. 13

Literature records. N/A.
Material examined. Suppl. material 1.
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Figure | 1. Habitus of Zetramorium caldarium (Roger, 1857) (from Paphos, Paphos Zoo) in lateral view

above (scale bar: 1 mm) and its known distribution in Cyprus below.

Origin. Subtropical East Asia (Indomalayan biogeographic realm).
Habitat details. Found in urban habitats including parking lots, urban green spac-
es with ornamental vegetation and a zoo.
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Figure 12. Habitus of Tezramorium immigrans Santschi, 1927 (from Paphos, Paphos Zoo) in lateral view

above (scale bar: 1 mm) and its known distribution in Cyprus below.

Degree of establishment. Established.
Notes. The species has been collected from neighbouring Israel and Lebanon since the
last century and more recently from Egypt (Wetterer 2010a). In Spain, 7. lanuginosum was
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Figure 13. Habitus of Terramorium lanuginosum Mayr, 1870 (from Paphos, Paphos Zoo) in lateral view

above (scale bar: 1 mm) and its known distribution in Cyprus below.

first recorded by Reyes and Espadaler (2005) and subsequently collected from a date palm
grove where it presumably did not establish (Casiraghi et al. 2020). Zezramorium lanugino-
sum has been also recorded from urban habitats in Malta and Sicily (Schembri and Colling-
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wood 1981; Schifani and Alicata 2018). In Cyprus it can be found in anthropogenic habi-
tats, with two sites within the boundaries of the protected Akamas Peninsula (CY4000023
and CY4000010). Although the species has no recorded adverse environmental impacts,
more research is necessary to establish its further spread into protected areas.

Solenopsidini

Monomorium bicolor Emery, 1877
Fig. 14

Literature records. Salata and Borowiec (2015b); Salata et al. (2019).

Material examined. Suppl. material 1.

Origin. Africa, Arabian Peninsula, Levant and Turkey (Palearctic, Saharo-Arabian
and Afrotropical biogeographic realms).

Habitat details. Widespread, found in all kinds of habitats.

Degree of establishment. Established.

Notes. The most common and widespread alien ant in Cyprus, reaching the high-
est altitudinal range and collected from 15 protected areas. Despite its large AOO and
EOQ, it has been only recently detected in Cyprus (Salata and Borowiec 2015b) and
does not seem to have any adverse environmental impacts. Nevertheless, the alien or
native status of this species in the Middle East and in Cyprus is rather problematic.
Monomorium bicolor is believed to be native to the Afrotropics (Bolton 1987) although
on AntMaps it is shown as native to the whole of Africa and Middle East except Greece
and Cyprus. Despite its recent report from Cyprus, its distribution on the island may
suggest either its unintentional introduction since ancient times (L. Borowiec pers.
comm.) or indeed its native status. Molecular analyses on populations from Cyprus,
the Middle East, Northern and Sub-Saharan Africa could help to unveil the true status
of the species in the aforementioned regions.

Solenopsis sp_CYP139
Fig. 15

Literature records. N/A.

Material examined. Suppl. material 1.

Origin. Unknown.

Habitat details. Collected from plant nurseries (indoors in crops under foil) and
outdoor urban areas of Limassol and Paphos.

Degree of establishment. Established.

Notes. This unidentified species is well distinguished from all native species from
Greece and Turkeys; it is very small in size and has extremely small eyes (in the form of
a black dot). We have decided to classify this morpho-species as alien due to its occur-
rence only within urban habitats and plant nurseries, which lead us to the hypothesis
of an unintentional introduction via infested plant material. The species presumably
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Figure 14. Habitus of Monomorium bicolor Emery, 1877 (from Paphos, Kato Paphos) in lateral view

above (scale bar: 1 mm) and its known distribution in Cyprus below.

belongs to an unidentified species of tropical/subtropical origin, which could be fur-
ther investigated with the help of molecular tools. The description and morphometric
data of this morphospecies can be found Suppl. material 4 for further examination and
future comparisons.
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Figure 15. Habitus of Solenopsis sp_CYP139 (from Paphos, Lemba) in lateral view above (scale bar:
1 mm) and its known distribution in Cyprus below.
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Trichomyrmex destructor (Jerdon, 1851)
Fig. 16

Literature records. Georghiou (1977); Wetterer (2009b).
Material examined. Suppl. material 1.
Origin. Indomalayan biogeographic realm.

Legend
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Figure 16. Habitus of Trichomyrmex destructor (Jerdon, 1851) (from Limassol, Savvas Savva park) in

lateral view above (scale bar: 1 mm) and its known distribution in Cyprus below.
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Habitat details. Urban habitats including houses, parking lots and paved roads.

Degree of establishment. Established.

Notes. Wetterer (2009b) cite “CAB 2000 in DAFF 2001” as a literature source
for the presence of 7. destructor in Cyprus. When checking CABI (2022) 7. destructor
was reported as present in Cyprus citing “CABI Data Mining (Undated)”. Despite
comments of Salata et al. (2019) excluding the species from their list, Demetriou et al.
(2023a) decided to include it based on records of Georghiou (1977), which had previ-
ously been overlooked. In particular, Georghiou (1977) noted this species as “Monomo-
rium destructor Jerd.”, “from olives infested by Dacus oleae” in 1956 as well as in 1925
under the synonymic name “M. gracillimum Sm.” “feeding of eggs of Thaumatopoea
wilkinsoni (Lep., Notodontidae)”. Upon collection of further material we confirm the
presence of 7. destructor on the island. The species was collected from five urban sites in
Paphos and Limassol districts. Trichomyrmex destructor is known to be associated with
electronic devices causing electrical damages as well as destroying stored household
products and inflicting painful bites on humans (Wetterer 2009b). Negative socio-
economic impacts in households or possible health risk could be monitored through
citizen science initiatives assessing the socio-economic impacts of ants in households.

Trichomyrmex mayri (Forel, 1902)
Fig. 17

Literature records. N/A.

Material examined. Suppl. material 1.

Origin. Indomalayan biogeographic realm [speculated by Bolton (1987)].

Habitat details. Both in urban (dirt roads, road sides and uncultivated green spac-
es) and natural habitats (dry meadow, pine forest, reservoir).

Degree of establishment. Established.

Notes. A species common in the Arabian Peninsula (Sharaf et al. 2013), which is
believed to originate from Indomalaya (Bolton 1987). It has been recorded from neigh-
bouring Egypt, Israel and Syria where it is considered alien (Bolton 1987). In Cyprus,
it occupies a large EOO and altitudinal range, while it has been also recorded from
three protected areas (CY2000004, CY2000013 and RAMSAR1375). Nevertheless,
its potential environmental or socio-economic impacts are unknown both throughout
its native and introduced range.

Ponerinae
Ponerini

Hypoponera punctatissima (Roger, 1859)
Fig. 18

Literature records. N/A.
Material examined. Suppl. material 1.
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Figure 17. Habitus of Trichomyrmex mayri (Forel, 1902) (from Paphos, Lysos vic.) in lateral view above

(scale bar: 1 mm) and its known distribution in Cyprus below.

Origin. Probably Egypt and Sub-Saharan Africa (Saharo-Arabian and Afrotropical
biogeographic realms).

Habitat details. Only one collection site corresponding to a plant nursery (in-
doors in crops under foil) in Paphos.

Degree of establishment. Unknown.
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Figure 18. Habitus of Hypoponera punctatissima (Roger, 1859) (from Paphos, Lemba) in lateral view
above (scale bar: 1 mm) and its known distribution in Cyprus below.

Notes. An alien species collected across Europe and the Mediterranean from both
indoors and outdoors localities, including natural habitats (Atanassov and Dlusskij
1992; Czechowski et al. 2012; Borowiec and Salata 2022). Although its native range
remains quite uncertain, its presence on the island is supported by only one specimen
collected in a plant nursery. This may indicate its recent introduction to the island
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through the horticultural or ornamental pathway, with further spread leading to its es-
tablishment in areas with sufficient humidity as observed in other European countries.
Although Hypoponera ergatandria Forel, 1893 has been also noted as an alien species
in Europe, the status of this species is uncertain, representing either a valid species or
a junior synonym of H. punctatissima. As such, H. ergatandria is not included in the
provided identification key and considered here as a junior synonym of H. punctatis-
sima (Bolton and Fisher 2011; Seifert 2013; Lubertazzi 2019).

Species excluded from previous checklists

Cardiocondyla nuda (Mayr, 1866)

Notes. Although previously thought to be a widespread alien species, a revision of the
group has concluded that C. nuda is geographically restricted in Oceania (Seifert et al.
2017). According to Seifert (2003), investigation of authentic material from the Palae-
arctic turned out to be C. mauritanica. Although the species is mentioned for Cyprus
by Bernard (1956), these records also probably correspond to C. mauritanica.

Monomorium pharaonis (Linnaeus, 1758)

Notes. The only records of the species can be traced back to Wetterer (2010b) citing
Radchenko (2004), a record corresponding to data in the Fauna Europaca database.
Nevertheless, no specimens or scientific literature have been provided to support these
records. The record of M. pharaonis in Fauna Europaea is probably erroneous as al-
ready shown for other ant species in the database, noted for example by Schifani and
Alicata (2018) regarding Sicily or Demetriou et al. (2023b) for Greece. Although the
presence of M. pharaonis on the island is highly possible, given its extended distribu-
tion throughout the world (Wetterer 2010b), we tentatively suggest the exclusion of
the species from lists of alien species of Cyprus until further investigations provide
adequate evidence. Citizen science approaches looking into the biodiversity and so-
cio-economic impacts of ants in households could potentially uncover records of this
synanthropic, indoors introduced species.

Monomorium subopacum (F. Smith, 1858)

Notes. As in the case of Greece (Demetriou et al. 2023b), following assumptions of
Bolton (1987) and the native status of the species for neighbouring Mediterranean
countries (AntWiki 2022), M. subopacum is considered native to Cyprus.

Nylanderia vividula (Nylander, 1846)
Notes. In Georghiou (1977) “Paratrechina nitidula Nyl.” is mentioned as collected in

1935 and identified by H.S. Donisthorpe. Such a nomenclatural combination does not
exist and probably corresponds to Paratrechina vividula (Nylander, 1846), currently an
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obsolete combination of N. vividula. Nylanderia vividula has been reported as an alien
species from neighbouring Egypt, Greece, Israel, Lebanon, and Turkey (Emery 1881,
1898; Donisthorpe 1950; Borowiec 2014). However, records from Greece are believed
to correspond to V. jaegerskioeldi (Demetriou et al. 2023b) and no additional records
have been uncovered from Turkey since Donisthorpe (1950). During our sampling in
Cyprus we extensively collected only samples of V. jaegerskioeldi. Nylanderia vividula, a
species native to the Nearctic biogeographic realm, might have been introduced to the
island but failed to establish. Alternatively, records may correspond to N. jaegerskioelds,
a common species missing from Georghiou’s (1977) list but already known from Cy-
prus since 1910 (Emery 1910). Further sampling and tracing material in historical col-
lections may shed light on the presence and invasion history of N. vividula on Cyprus.
For the time being, records from Cyprus remain doubtful and in need of verification.

Solenopsis geminata (Fabricius, 1804)

Notes. The only record mentioning the presence of S. geminata in Cyprus can be traced
to Collingwood et al. (1997), where the island is simply listed in the known distribu-
tion of the species. After 25 years of this mention no material has been uncovered. As
in the case of Greece (Demetriou et al. 2023b), we expect that the presence and im-
pacts of this invasive alien species would not go unnoticed. In the possible event of its
past introduction to the island, any individuals or populations did not manage to es-
tablish. Furthermore, as horizon scanning exercises undertaken on the island (Peyton
etal. 2019) did not assess S. geminata, due to the aforementioned dubious records, the
possibility of the species reaching Cyprus, establishing viable populations and impact-
ing native biodiversity, could be taken into consideration in the future.

Hypoponera eduardi (Forel, 1894)

Notes. Although included in the list of invasive ants of Greece and Cyprus (Salata
et al. 2019), upon re-examination the species is currently treated by the authors as
native to Cyprus due to both its narrow ecological requirements (i.e. soil moisture,
habitat types found) as well as its native status in neighbouring countries (Demetriou
et al. 2023b).

Identification key to distinguish alien from native worker ants in-
habiting Cyprus, with the support of male and queen characters

Key to subfamilies
[After Borowiec and Salata (2022), modified]

1 Pedicel with two distinct segments (petiole and postpetiole) (Suppl. material 3:
figs S50, S58, S60) ...vvuiiiiiieieiiiiriee e Myrmicinae
—  Pedicel with one segment (petiole) (Suppl. material 3: figs S3, S16, S20).......... 2
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Sting projected, first gastral segment separated from the second one by a distinct

constriction (Suppl. material 3: figs S142, S144, S146, S148)......ccccovvvereueunncne. 3
Sting not projected, first and second gastral segments not separated by a constric-
tion (Suppl. material 3: figs S16, S18, S20, S22) .....cvevemiiiiviriiiiiiccccee 5

Tergite of the second gastral segment much longer than its sternite, strongly arched,
abdominal segments pointed downward.... Proceratiinae (only one native species)
Tergite of the second gastral segment as long as its sternite, never arched, abdomi-
nal segments not pointed downward..........ccccoeviiiiiiiiiiiiii, 4
Petiole broadly attached to the first gastral segment, separated from it only by
shallow constriction .......c.ccccccvvrueuennee. Amblyoponinae (only one native species)
Petiole narrowly attached to the first gastral segment, separated from gaster by
sharp and deep constriction (Suppl. material 3: figs S142, S144, S146, S148) ....
........................................................................................................... Ponerinae
Apex of gaster with circular nozzle-like acidopore, fringed with setae (Suppl. ma-
terial 3: figs S18, S20, $22) c...ovviviiiiiiiiicccc e Formicinae
Apex of gaster without acidopore and coronula only with transverse slit (Suppl.

material 3: figs S1, S3, S5) wociiiiiiiiiiiccc e Dolichoderinae

Subfamily Dolichoderinae
[After Salata and Borowiec (2022), and Fisher and Bolton (2016), modified]

1

Petiole very reduced or vestigial, in profile very small and low, often invisible from
above, covered under the first segment of the gaster (Suppl. material 3: figs S1, S3,
S, S s 2
Petiole a well-developed scale, distinct in profile (Suppl. material 3: figs S14, S16)....5
Anterior margin of clypeus straight (Suppl. material 3: fig. S2); in dorsal view 5
gastral tergites visible, the fifth gastral tergite small but continues the line of the
gaster and is not reflexed below the fourth; gastral tergites with numerous erect
and thick setae (Suppl. material 3: fig. S1) ...ccccoovvvniiiinnnn. Technomyrmex (not
reported from Cyprus but possible one alien outdoor or five alien indoor species
known from Europe)

Anterior margin of clypeus in the middle shallowly or deeply emarginate (Suppl.
material 3: figs S4, S6, S8, S13); in dorsal view only 4 gastral tergites visible, the
fifth gastral tergite reflexed below the fourth; gastral tergites without erect and
thick setae (Suppl. material 3: figs S3, S5, §7, S12) .ocveuiiiviiiiiiiiiccne 3
Large species, mesosoma length in major workers above 1 mm; body uniformly
brown to black (Suppl. material 3: figs S3, S5,S 7) anterior margin of clypeus
with distinct median emargination (Suppl. material 3: figs $4, S6, S8).............. 4
Very small, mesosoma length always below 0.6 mm. Body bicoloured, head
brown to black, mesosoma and anterior half or gaster with pale, whitish to whit-
ish-brown areas (Suppl. material 3: fig. S12). Anterior margin of clypeus with
very shallow median emargination (Suppl. material 3: fig. S13) ......cceeiiinnes
............... Tapinoma melanocephalum (alien species not reported from Cyprus)
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Parameres in male genitalia with broadly rounded apex (Suppl. material 3: fig.
§10)..... Tapinoma magnum (native to Western Europe but alien in Greece, not
reported from Cyprus)

Parameres in male genitalia with narrow or distinctly angulate apex (Suppl. mate-
rial 3: figs S9, S11) i Tapinoma (two native species)
Propodeum in profile not or only slightly surpassed by promesonotum (Suppl.
material 3: fig. $14) mandibular denticles not strongly heterodont (Suppl. mate-
rial 3: fig. S15) cooviiiiiiicccccce Bothriomyrmex (one native species)
Propodeum in profile distinctly surpassed by promesonotum (Suppl. material 3:
fig. S16) mandibular denticles strongly heterodont, with 5-6 larger dents dis-
persed over the masticatory border and 11-15 clearly smaller denticles present in
interspaces (Suppl. material 3: fig. S17) ..o
........................... Linepithema humile (alien species not reported from Cyprus)

Subfamily Formicinae
[After Borowiec and Salata (2022), modified]

1

Antennae 11-segmented.........cccoceiiiiiiiiiiiiiiiiiiii s 2
Antennae 12-segmented..........cccoeviiiiiiiiiiiiiiiiii s 5
Antennae 9-segmented..........ccouiiiiiiiiiiiiiiii e

............... Brachymyrmex patagonicus (alien species not recorded from Cyprus)
Propodeum unarmed, rounded in profile, dorsal margin of petiole not emargin-
ate (Suppl. material 3: figs S20, S22, S28)....c.ceviiiviiiiiiicc e 3
Propodeum bispinose or bituberculate, dorsal margin of petiole emarginated
(Suppl. material 3: figs S18) .......c.cococ...e. Lepisiota (at least three native species)
Very small ants, legs and antennae short, hind femora not extending behind apex
of gaster (Suppl. material 3: figs S22—825) .....ccccoviviiiiiiiiiiccceee 4
Moderately large ants with very elongate legs and antennae, hind femora dis-
tinctly extending behind the apex of gaster (Suppl. material 3: figs $20, §21) .....

......................... Anoplolepis gracilipes (alien species not reported from Cyprus)
Body yellowish-brown to dark brown, if mostly yellow then first gastral tergite
without dark spots in posterolateral corners (Suppl. material 3: figs $24, S25) ...

Plagiolepis (at least three native species and their two workerless social parasite
species)

Body mostly yellow, only posterolateral corners of first gastral tergite and apex of
gaster with brown spots (Suppl. material 3: figs $22, S23) .....ccccoeieiiinnnnnnee.

................ Plagiolepis alluaudi (alien indoor species not reported from Cyprus)
Antennal insertions placed distinctly behind clypeal margin (Suppl. material 3:
figs S27, 829, S31, S33) i 6
Antennal insertions placed close to clypeal margin (Suppl. material 3: figs S41,
S43, SA5, SAT7, S49) et s 10
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Frontal carinae straight, slightly converging to the front in major workers, head
truncate anteriorly, plug-like (Suppl. material 3: figs S26, S27) ....ccovvvvuvveueriunnne.
........................................................................... Colobopsis (one native species)
Frontal carinae arched, distinctly converging to the front in major workers head
not modified (Suppl. material 3: figs S31, S33, S37) .cecvcuiiviviiiiiicccene 7
Dorsal profile of mesosoma with deep impression between mesonotum and propo-
deum; propodeum always abruptly falling down to its caudal slope (Suppl. mate-
rial 3: fig. $28)...... Camponotus subgen. Myrmentoma, part (two native species)
Dorsal profile of mesosoma continuously convex or with only shallow impres-
sion between mesonotum and propodeum (Suppl. material 3: figs $32, $34, S36,

838 ettt 8
Anterior margin of clypeus forms regular arch, without any protrusion (Suppl.
material 3: figs S31, S33, S35) ...cveviiririririi e 9

Anterior margin of clypeus forms a lobiform protrusion extending beyond ante-
rior margin of gena (Suppl. material 3: figs S37, S39) ...c.cociiiiiiiiiiie
.......................... Camponotus subgen. Tanaemyrmex, part (five native species)
Body completely black; dorsum of propodeum flat or slightly convex (Suppl.
material 3: figs S32—S835) .....ciuiiiiiiiiii
.......................... Camponotus subgen. Myrmentoma, part (two native species)
Body colouration various, head, mesosoma and femora partly reddish, partly red-
dish-brown to brown; propodeum with dorsal concavity (Suppl. material 3: figs
S30, S31) cveieieieeeceee Camponotus cf. vitiosus (alien species)
Propodeal spiracle round to oval; legs short to moderately long (Suppl. material
3: figs S42, S44, S46), HTL/CW < 1.50..cuiiiiiiieiiiieeciceeeee s 11
Propodeal spiracle elongate; legs very long Suppl. material 3: fig. S40), HTL/CW
> 150 e Cataglyphis (two native species)
Eyes situated at or in front of the midlength of the sides of head (Suppl. material
31 £1g5 S43, SA5) ot 12
Eyes situated distinctly behind the midlength of the sides of head (Suppl. material
31085 SAL, SA7) oo 13
Mandible unsculptured, with 67 teeth; scape short, less than 1.5 times length of
head, body stout (Suppl. material 3: fig. $43)......cccceceviviriiiiiininicccieee
........................................................... Nylanderia jaegerskioeldi (alien species)
Mandible with longitudinal striation and 5 teeth; scape long, more than 1.5 times
length of head, body elongate (Suppl. material 3: fig. S47).....ccccoveiiininnnnnne.
............................................................. Paratrechina longicornis (alien species)
Hind coxa widely separated; ortificie of propodeal spiracle circular or broadly
oval; mesosoma rather short and high, usually densely pubescent; propodeum ap-
proximately two times shorter than high (Suppl. material 3: figs S48, S50, S52).
Size usually smaller, total length 2.5-5.0 mm........cccccccoiniviiciiinnniccene, 14
Hind coxa close together; ortificie of propodeal spiracle elongate to slit-like; mes-
osoma rather long and slender, usually sparsely pubescent (Suppl. material 3: fig.
§46); propodeum approximately as long as high (Suppl. material 3: fig. $46). Size

larger, total length 4.5-9.0 mm.......ccccoveveiiiinnnnnns Formica (one native species)
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Pubescence on the whole body present but moderate to dense; antennal scapi
lacking erect setae; pubescence of clypeus sparse, surface of the clypeus well visible
(Suppl. material 3: figs S48, S49); mean number of mandibular dents < 8..........
.................................. Lasius neglectus (alien species not reported from Cyprus)
Characters combination different (Suppl. material 3: figs S50-S53)........cccec..
.................................................................................. Lasius (two native species)

Subfamily Myrmicinae

[After Salata et a. (2020), Borowiec and Salata (2022), Bolton (1980, 2000) and Seifert
(2023), modified]

1

Postpetiole attached to dorsum of first gaster segment, petiole without node (Sup-

pl. material 3: figs $54, S55) ...covvviiiiiiiinnnnn. Crematogaster (five native species)
Postpetiole attached to anterior part of first gaster segment, petiole with node
(Suppl. material 3: figs S56, S58, S60) ....c.cvviuiiriiiiiiiiircccc e 2
Antennae 10- or 11-segmented ........cccceiiiiiiiiiiiiiiiiiiiiiceas 3
Antennae 12-segmented.........ccooeviiiiiiiiiiiiiiiiiii s 9
Antennae 4 to 6-segmented..........ccceeiiiiiiiiiiiiie Strumigenys (no

species recorded from Cyprus. If dorsal alitrunk and first gastral segment without
erect hair then S. membranifera — alien species)
Antennae 11-segmented; two prominent propodeal spines (Suppl. material 3: figs

S50, 858) it 4
Antennae 10-segmented; no propodeal spines (Suppl. material 3: figs S60, S62,
S64, S66, S68, S70) ..eviiiiiiiiiiiiiiiiii s 5

Eyes big, longitudinal, narrowing downwards, anterior margin of eye situated
very close to insertion of mandible (Suppl. material 3: figs $56, S57); head with-
out antennal scrobes. Body colour black ..... Oxyopomyrmex (one native species)
Eyes moderate, elonagte oval, situated in distance from insertion of mandible;
head with antennal scrobes; body colour yellow to rusty (Suppl. material 3: figs
858, 859) v Wasmannia auropunctata (alien species)
Body colour pale, yellow, occipital margin of head straight or shallowly emargin-
ate; length of mesosoma in major workers below 1 mm (Suppl. material 3: figs
SO2-S865) e 6
Body colour orange-red to black, if yellow then head of large majors with deeply
emarginate occipital margin; length of mesosoma in major workers distinctly
above 1 mm (Suppl. material 3: figs S66—-S71) ...ccoovvvvuimiinininiiiiiinriecccnes 7
Larger species, in major workers, length of mesosoma up to 0.7 mm or small spe-
cies (length of mesosoma < 0.55 mm) with elongated head (head length/width
ratio 1.3—1.4) (Suppl. material 3: figs S62, S63).....c.cceveuiuiivinniiiiiirireceene
........................................................................... Solenopsis (two native species)
Small species (ML < 0.55 mm), head stouter (head length/width ratio < than 1.3)
(Suppl. material 3: figs S64, S65) .....coovviriiiiiiiiiiiecce e
.......................... Solenopsis sp_CYP139 (one unidentified alien indoor species)
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Body yellow to reddish-brown, sometimes with mixed yellow and brown, only
occasionally dark brown; clypeus with or without a median tooth (Suppl. mate-
rial 3: figs S66—S869) .....cuovimiiiiiiiiiiiiii s 8
Body brown to black with an orange tergal maculation on the first gastral tergite;
clypeus always with a median tooth (Suppl. material 3: figs $70, S71) ................
.............................. Solenopsis richteri (alien species not reported from Cyprus)
Median tooth on clypeus absent; mandibles of major workers with three teeth;
occipital margin of head in major workers deeply emarginate; colour variable,
from yellow to reddish-brown, occasionally dark brown (Suppl. material 3: figs
S66-S67) ............ Solenopsis geminata (alien species not reported from Cyprus)
Median tooth on clypeus always present; mandibles of major workers with four
teeth; occipital margin of head in major workers shallowly emarginate; colour
uniformly orange/red to rusty (Suppl. material 3: figs S68-S69) ........cceeveueunce.
............................... Solenopsis invicta (alien species not reported from Cyprus)
Ventrolateral margins of head without longitudinal carina; petiole usually with
well-marked peduncle and node (Suppl. material 3: figs S72, S78, S84).......... 10
Ventrolateral margins of head with longitudinal carina; petiole low, without pedun-
cle, gable-like (Suppl. material 3: figs S60, S61)..... Myrmecina (one native species)
Posterior edge of clypeus raised into sharp ridge in front of antennal insertions

(Suppl. material 3: figs S73, S75, S77, S79) cucueueiririiiiiiiecccceeeee 11
Posterior edge of clypeus not raised into sharp ridge in front of antennal inser-
tions (Suppl. material 3: figs S95, S97, S101) c.covvvviieiiiiiiiccierecceees 22

Frontal carinae long, projecting to or behind mid-length of eyes; antennal scrobes
present; head in occipital and lateral parts usually with strong reticulate sculpture,
never with smooth and shiny areas (Suppl. material 3: figs S73, S75, S77, S79,
S8 et 12
Frontal carinae short, never projecting behind mid-length of eyes; antennal
scrobes absent; head usually only with longitudinal sculpture or with smooth and

shiny areas (Suppl. material 3: figs S83, S85, S87, §89, §91, S93).....ccvueunee 17
Propodeum with long spines, longer than width of eye (Suppl. material 3: figs
872, 876, 880) et 13
Propodeum with short spines, shorter than width of eye (Suppl. material 3: figs
S74, 878) ot 15
Dorsum of mesosoma in profile flat to slightly convex with sparse long erect setae
(Suppl. material 3: figs S72, S76) ...cvcuiiiiiiiiiiiiccc 14

Dorsum of mesosoma in profile strongly convex with extremely dense long erect
setae (Suppl. material 3: figs S80, S81)... Tetramorium lanuginosum (alien species)
Mandibles finely striated; gaster always darker coloured than head and meso-
soma; erect setae between frontal carinae shorter than diameter of eye (Suppl.
material 3: figs S72, S73) ...ccoovuvinnnn. Tetramorium bicarinatum (alien species)
Mandibles smooth and shiny, only with piliferous pits; gaster the same colour
as head and mesosoma; erect setae between frontal carinae mostly longer than
diameter of eye (Suppl. material 3: figs S76, S§77) .coovvveveriirinnieciieeceene

........................ Tetramorium insolens (alien species not reported from Cyprus)
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Sides of head immediately behind eyes with a single stout projecting hair, directed
anteriorly at an angle of about 45...........ccoiiiiiiiiii
....................... Tetramorium delagoense (alien species not recorded for Cyprus)
Sides of head immediately behind eyes without such a hair, either hairless or with
a number of minute decumbent to appressed hairs .......c.ccccoeeninccinicnncen. 16
Frontal carinae strongly developed throughout their length, running unbroken
almost to occipital margin; surface of head between frontal carinae strongly gran-
ular or reticulate-punctated, appears matt; antennal scrobes well-marked (Suppl.
material 3: figs S78, S79) w..cuiuiiiiiiiiiic s
.................. Tetramorium simillimum (alien species not reported from Cyprus)
Frontal carinae well developed only to the level of midlength of eyes, behind which
they become weak, broken, or gradually fade out posteriorly; surface of head be-
tween frontal carinae only finely micropunctated, appears quite shiny; antennal
scrobe very shallow, barely marked (Suppl. material 3: figs S74, S75) .....cccccceueneeee
............................................................... Tetramorium caldarium (alien species)
Dorsum of petiole and postpetiole node with strong rugose sculpture, without
smooth areas (Suppl. material 3: figs S82, S84) .......ccoovviriiiiiiinniiiiie
................ Tetramorium chefketi and flavidulum groups (four native species)
At least dorsum of petiole with smooth area (Suppl. material 3: figs S86, S88,
§90, 892) et 18
Head with complete sculpture of longitudinal rugae ............ccccccvvivriicinnnne. 19
Head partly with smooth areas.........coccceveevinciineinnincccccece
........................................... Tetramorium semilaeve group (two native species)
Gyne with strongly transverse postpetiole at least 2.5 x as wide as long ..............
................................................... Tetramorium ferox group (one native species)
Gyne with not modified postpetiole, at most 1.7 x as wide as long (Zezramorium
caespitum group; proper species identification needs a complex morphometric

procedure and examination of male genitalia) .........cccccoevevieeiicinnniciinn 20
Male genitalia: in ventral view one or two corners visible on ventral paramere
lobe; in posterior view no distinct emargination between paramere lobes........ 21

Male genitalia: in ventral view no corner but rounded ends on ventral paramere
lobe; in posterior view distinct division of ventral and dorsal lobe by deep emar-
gination between paramere lobes...........cccooeiiiiiiiiiiiiiiiii
........... Tetramorium staerckei (native species) [Note: separation of members of
the caespitum group requires combining morphometric data and studies on male
genitalia. For more details see keys and photographs in Wagner et al. (2017).]

Male genitalia: in ventro-posterior view ventral paramere lobe with two corners
> 87 pm apart. Worker: generally larger species: CS (arithmetic mean of head
length and head width) = 834 £ 56. Usually in anthropogenically influenced,
vegetation-free, and even concreted habitats (Suppl. material 3: figs $88, S89)....
............................................................. Tetramorium immigrans (alien species)
Male genitalia: In ventro-posterior view ventral paramere lobe has one corner or
two corners, < 87 um apart. Worker: generally smaller species: CS (arithmetic
mean of head length and head width) = 717 £ 52. In both anthropogenic and
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natural habitats (Suppl. material 3: figs $90, S91) .....coceiiiinniiiiiiiccccne
............................................................... Tetramorium indocile (native species)
Postpetiole ventrally without tooth or spine (Suppl. material 3: fig. S94) ........ 23
Postpetiole ventrally with tooth or spine (Suppl. material 3: fig. $90) .................
......... Temnothorax of the former muellerianus group (formerly in the genus
Chalepoxenus) (one native social parasite in nests of Zemnothorax)

Dorsum of head and mesosoma without standing hairs; postpetiole usually
strongly widened, much wider than petiole; propodeum with short, sharp or ob-
tuse denticles (Suppl. material 3: figs S98-S105) ....ccceiviviriiciiiriiicccene 24
Dorsum of head and mesosoma with at least sparse, conspicuous standing hairs;
postpetiole not strongly widened, only somewhat wider than petiole or even sub-
equal to it; propodeum with spines, denticles, or unarmed (Suppl. material 3: figs
STOO—STAL) ettt st 29
Very small species, CW < 420 MM....ooiriiiiininieiiineieieenereeeesreree e
.................... Cardiocondyla minutior (alien species not recorded from Cyprus)
Larger species, CW > 420 MM .....coiiiiiiiiiiiiiiiiiiieecececceneeas 25
Minute species with CS (arithmetic mean of head length and head width) < 470;
head, mesosoma and petiolar segments yellowish-red, red or reddish-brown (Sup-
pl. material 3: figs SI8—ST01) ....ccoiimiiiiiiiiii e 26
Larger species with CS (arithmetic mean of head length and head width) > 490;
head, mesosoma and petiolar segments from brown to black, if mesosoma reddish
then head and petiolar segments darker coloured than mesosoma (Suppl. material

3: £igs ST02-ST105) ..eumiiiiiiiiiiic e 28
Anterior margin of postpetiole deeply emarginate, in anterolateral view with
prominent anterolateral corners (Suppl. material 3: figs S100, S101) .............. 27

Anterior margin of postpetiole feebly emarginate, in anterolateral view with ob-
tuse anterolateral corners (Suppl. material 3: figs S98, $99)......cccccciivivvieinnne.
........................ Cardiocondyla emeryi (alien species not reported from Cyprus)
1** gastral segment in a majority of samples with absent or weakly developed
blackish pigmentation...........ccccueueuiieicuiininiiiieiciiece s
............... Cardiocondyla wroughtonii (alien species not reported from Cyprus)
1 gastral segment in a majority of samples with strongly developed blackish pig-
MENTATION «vveeereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees Cardiocondyla obscurior (alien species)
Postpetiole wide, kidney-shaped; metanotal groove deep; body predominantly or
completely black (Suppl. material 3: figs S104, S105) ...c.ccocvvvvvreiiinineiccene
................................................................. Cardiocondyla nigra (native species)
Postpetiole moderately wide, oval; metanotal groove shallow; body usually bicol-
oured with mesosoma paler coloured than head and gaster (Suppl. material 3: figs
S102, S103) ceoveeiieeeeeeeeeeeeeeeenee. Cardiocondyla mauritanica (alien species)
Median portion of clypeus sharply raised and delineated by a pair of lateral longi-
tudinal carinae (Suppl. material 3: figs S107, S109, S113, S115) ...coevvvvenneee. 30
Median portion of clypeus not raised, evenly convex or somewhat flattened, with-
out carinae or with single central longitudinal carina Suppl. material 3: figs S123,

S125, S139, STAL) cuoiiiiiiiiiiecteesceeteee ettt 38
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Propodeum with short sharp teeth; eyes of workers very small, with less than 20
ommatidia; anterior clypeal margin with two long medial setae; head and meso-
soma with strong reticulate and/or rugose sculpture (Suppl. material 3: figs S106,
ST07) e Stenamma (one native species)
Propodeum rounded or at most slightly angled; eyes of workers bigger, with more
than 20 ommatidia; anterior clypeal margin with a single long medial seta; head
and mesosoma with fine microreticulate or microgranulate sculpture (Suppl. ma-
terial 3: figs STO8=S119) ....cocviiiiiiiiiiiiiiiiiiiic e 31
Monomorphic species, the largest workers only slightly larger than small workers;
antennal scapi long and slim, reaching behind occipital margin of head (Suppl.
material 3: figs ST08-S113) ...c.cueueuiiririririririiieeeccceeieeievete e 32
Polymorphic species, major workers with distinctly larger and wider head than in
minor workers; antennal scapi short and stout, not reaching to occipital margin
of head (Suppl. material 3: figs ST14-S119)...ccccevriiiiininiiiiiiecceene 36
First gastral tergite bicoloured; at least partially light-coloured at its basal part
(Suppl. material 3: figs S110, ST11) .c.ciiiiiiiiiiiiiiiiccece e 33
First gastral tergite dark (brown to black) and uniformly coloured (Suppl. mate-
rial 3: figs S108, S109, S112, S113) ..cciviviiiiiiiiiiriieicceeceeeeee s 34
2/3 of the first gastral tergite (abdominal segment 4) light-coloured; mesosoma
dorsally with erect setae (Suppl. material 3: figs ST10, S111).ccccvevciivivirnerercnennnes
................................................... Monomorium pharaonis (indoor introduced)
1/4 of the first gastral tergite (abdominal segment 4) light-coloured; mesosoma
dorsally lacking erect SEtac.........oueveueueuiiiiniiiiieieiiiieecc s
..................... Monomorium sahlbergi (alien species not recorded from Cyprus)
Whole body uniformly dark coloured, reddish-brown to black, sometimes head
darker than mesosoma, and mesosoma brighter than gaster (Suppl. material 3:

B85 ST12, STI3) ooorsoeeseeeeseecoe s seee oo 35
Head and mesosoma uniformly coloured, from orange to brick-red, gaster black
(Suppl. material 3: figs S108, S109)............ Monomorium bicolor (alien species)

Body matt and strongly sculptured; body reddish-brown to brown, sometimes
head darker than mesosoma, and mesosoma brighter than gaster, but then never
with uniformly colouration (Suppl. material 3: figs S112, S113)....ccceeveuiininnnes
......................................................... Monomorium subopacum (native species)
Body smooth and shiny, body uniformly blackish-brown to black ......................
.............. Monomorium carbonarium (alien species not recorded from Cyprus)
Propodeal spiracle vertically slit-shaped or elliptical; anterior clypeal margin with
a pair of well-developed strong teeth (Suppl. material 3: figs S118, S119)...........
........................................................... Trichomyrmex perplexus (native species)
Propodeal spiracle circular or subcircular; anterior clypeal margin without teeth
(Suppl. material 3: figs ST14=S117) .c.ccvviviiiiiiiiiiicciiececeeee 37
Body predominantly dark brown to black (Suppl. material 3: figs S116, S117)...
................................................................... Trichomyrmex mayri (alien species)
Body predominantly yellow (Suppl. material 3: figs S114, S115) ...cocvvvvveueucunee.
............................................................ Trichomyrmex destructor (alien species)
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Apical club 3-segmented (Suppl. material 3: figs $94, S95, $120-S135); smaller
SPECies (1.5 MM w.uiviiiiiiiiiieieietestct ettt 39
Apical club barely marked or 4-segmented (Suppl. material 3: figs S136-S141);
larger species (ML > 2.2 mm in the largest workers).........cccccoveivnieciinnnenenne.
.................. Aphaenogaster (four native species); Messor (three native species)
Workers dimorphic, head of major workers very large, wider than mesosoma
length. Mesosoma of minor workers with deep metanotal groove and antennal
scapus longer than head length (Suppl. material 3: figs S120-S135) ............... 40
Workers monomorphic; head of workers always shorter than mesosoma length;
mesosoma of minor workers without or with shallow metanotal groove (Suppl.
material 3: figs $94, §95), if metanotal groove distinct then antennal scapus al-
ways shorter than head length (Suppl. material 3: figs S96, S97) ... Temnothorax
(12 native species)

Major workers: head longitudinally striated from clypeus to occiput; occipi-
tal lobes mostly with strong longitudinal or reticulate sculpture. Minor work-
ers: mesosoma with distinct microreticulate sculpture, matt or with pronotum
mostly smooth and shiny and mesonotum and propodeum with microreticulate
sculpture but with shiny background; mesosoma with deep promesonotal groove
(Suppl. material 3: figs S120—S127) ..ccovvviiiiiiiiiiiiicccececeeee 41
Major workers: head longitudinally striated from clypeus to the middle of head’s
length; occipital lobes smooth and shiny. Minor workers: mesosoma with prono-
tum mostly smooth and shiny and mesonotum and propodeum with microretic-
ulate sculpture and shiny background; mesosoma without promesonotal groove
(Suppl. material 3: figs S128-S133) ...coovviiiiiiiiiiiicccciccceee 42
Very small, length of mesosoma in major workers below 1 mm, in minor workers
below 0.6 mm. Major workers: occipital lobes of head and anterolateral corners of
pronotum with reticulate sculpture. Minor workers: head and mesosoma most-
ly with microreticulate sculpture, matt; mesosoma with shallow promesonotal
groove (Suppl. material 3: figs S120-S123) ....c.cceerirmirinriririririireccceicieeieienes
................................................................... Pheidole fadli (indoors introduced)
Larger, length of mesosoma in major workers above 1 mm, in minor workers
above 0.6 mm. Major workers: occipital lobes of head with longitudinal sculpture
and anterolateral corners of pronotum with reticulate sculpture. Minor workers:
head and pronotum mostly smooth and shiny, mesosoma with deep promesono-
tal groove (Suppl. material 3: figs S124-S127) ... Pheidole indica (alien species)
Major and minor workers: propodeal spines minute, not longer than basal width,
often in form of small tubercle; postpetiole in profile without conspicuous ventral
convexity (Suppl. material 3: figs S128-S131) ...ccoovviiiiiiiiiiiiicciirecce
.............................................................. Pheidole koshewnikovi (native species)
Major and minor workers: propodeal spines prominent, usually as long as or
longer than basal width; postpetiole in profile with conspicuous ventral convexity
(Suppl. material 3: figs S132, S133) ...ccvviviiiiiiiiiiiiicciecceeeeees
........................ Pheidole megacephala (alien species not reported from Cyprus)
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Subfamily Ponerinae
[After Borowiec and Salata (2022) and Schmidt and Shattuck (2014), modified]

1 Mandibles with more than 8 dents and denticles, the 1-3 apical dents often
somewhat stronger and the following 8—13 dents small to minute; mid and hind
tibiae each with one pectinate spur (Suppl. material 3: figs S144-S149) ........... 2

—  Mandibles with 67 strong dents of approximately equal size; mid and hind tibiae
each with two spurs, median spur large and pectinate, lateral spur much smaller
and not pectinate (Suppl. material 3: figs S142, S143) ....ccccvvvvurueiiininiriccennes
......................................................................... Cryptopone (one native species)

2 Ventral apex of the metatibia with a single spur, which is pectinate.................... 4
—  Ventral apex of the metatibia with both a large pectinate spur and a smaller simple
]S U PP 3

—  Propodeal spiracle round or ovoid........cccceeiriiniiininiiniiiiicce
..................... Brachyponera chinensis (alien species not recorded from Cyprus)
4 Petiolar base in profile with two small, sharp dents or angles and anteriorly with
a circular translucent “window” (Suppl. material 3: figs S144, S145) ..................
................................................................................. Ponera (one native species)
—  Detiolar base in profile form a simple rounded lobe, without a translucent
“window” (Suppl. material 3: figs ST46—-S149)......cccceovvivniiiiiniicciiiie, 5
5  Scape reaching to hind margin of head, scape length/head width ratio > 0.88;
petiole in profile significantly higher and narrower; mesopleuron completely cov-
ered with carinulate sculpture (Suppl. material 3: figs $146, S147) .........ccccec.e.
................................................................. Hypoponera eduardi (native species)
—  Scape not reaching to hind margin of head, scape length/head width ratio < 0.88;
petiole in profile significantly lower and thicker; mesopleuron smooth (Suppl.
material 3: figs S148, S149) .............. Hypoponera punctatissima (alien species)

Discussion
Land cover and protected areas

The number of known alien insect species in Cyprus has increased dramatically during
the last decade (Demetriou et al. 2023a); there has been a steep increase in the number
of recorded ants in part due to increased sampling intensity (Tables 1, 2). According to
our analysis of CLC occupied by alien ants in Cyprus, the majority of species (90%)
have been collected from anthropogenic habitats including artificial surfaces and ag-
ricultural land, with limited spread to forest and semi-natural areas or inland waters
(Fig. 1). These data are in accordance with other similar observations, reporting al-
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ien insects, including ants, mostly dominating anthropogenic habitats (Espadaler and
Bernal 2003; Lopez-Vaamonde et al. 2010; Schifani 2019; Rosas-Mejia et al. 2021;
Demetriou et al. 2023b). Regarding the second level of CLC types, within artificial
surfaces more than half of the habitats (54%) correspond to “urban fabric”, followed
by “artificial, non-agricultural vegetated areas” (43%). Within agricultural land, “het-
erogeneous agricultural areas” dominate occupied habitats with a percentage of 69% of
obtained records. Lastly, regarding forest and semi-natural areas, half of the occurrence
records were classified as “shrub and/or herbaceous vegetation associations” (52%), fol-
lowed by “forests” (33%) and “open spaces with little or no vegetation” (15%) (Suppl.
material 1). Nevertheless, looking in greater detail into these forest and semi-natural
areas and comparing these classifications with the notes taken on the habitat during the
surveys, some correspond to traffic islands, roadsides, urban habitats and/or other areas
with evident human pressure and modifications. This comes to show that the spread of
alien ants into natural habitat types is perhaps limited and that their spread is probably
favoured by anthropogenic habitat heterogeneity (Elton 1958; Hobbs and Huenneke
1992; Melbourne et al. 2007).

The NATURA 2000 and RAMSAR wetland networks also seem not to be im-
pervious to biological invasions of ants, with seven species being present in a total of
20 protected areas (Suppl. material 2). Many records were situated around the edges
of protected areas, as already reported by Liu et al. (2020), with the most noticeable
case in Cyprus being that of W auropunctata, collected just outside the protected areas
of Faros Kato Paphou (CY4000013), Chersonisos Akama (CY4000010) and Ekboles
Potamon Ezousas, Xerou, kai Diarizou (CY4000018) in Paphos. The alien ant fauna of
the island both within protected areas and surrounding areas (Holenstein et al. 2021),
should be further monitored to increase understanding of potential adverse effects on
native biodiversity and protected habitat types. The Akamas Peninsula (CY4000010
and CY4000023) is of particular importance because of increasing pressure from ur-
ban developments which may increase the number and spread of alien species. Four
alien species, M. bicolor, N. jaegerskioeldi, P longicornis and T lanuginosum have al-
ready been identified from the region, although no adverse effects have been reported.
Although protected areas have been reported as refuges for native species against inva-
sive alien species (Gallardo et al. 2017), the spread and establishment of species such as
W, auropunctata should be monitored further.

Establishment status and introduction pathways

Twelve out of 17 species are considered to be established with self-sustaining popu-
lations on the island; one is considered as an introduction to indoors because it is
confined to plant nurseries and the zoo (i.e. 7. bicarinatum). For four species, C. cf-
vitiosus, H. punctatissima, P fadli and T caldarium, the establishment status is cur-
rently unknown because only single records/specimens have been found. These species
may represent recent introductions that will fail to establish but ongoing monitoring
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is recommended. It is important to mention that the greenhouse in which P fadli was
detected, was destroyed and reconstructed (paved) a few months after the specimen’s
collection (Demetriou pers. obs.).

Although introduction pathways of alien ants in Cyprus are largely unknown,
plant nurseries seem to play a crucial role in the movement of alien ants (Jucker et al.
2008; Pospischil 2011; Blatrix et al. 2018). As shown in our study, six alien ant species
were collected from plant nurseries and greenhouses with P fadli and H. punctatissima
known only from such localities. This shows that alien ants can be moved outside their
native range in the soil of potted plants, as hypothesised for W auropunctata (Vonshak
et al. 2010; Demetriou et al. 2022), potentially bypassing phytosanitary inspections
and border controls (Rabitsch 2011; Wong et al. 2023). The identification key aims to
support detection and monitoring activities. Quarantine measures or chemical treat-
ment could be implemented for imported plant material to mitigate further spread of
invasive alien species such as S. geminata, S. invicta, S. richteri, and W, auropunctata
(Rabitsch 2022a, b).

Impacts

There is a lack of information on the environmental and socio-economic impacts of
alien ants inhabiting Cyprus, although some invasive alien species have been scored as
high through global impact assessments such as W auropunctata, P longicornis, T bi-
carinatum, and T, destructor (Salata et al. 2019; Demetriou et al. 2022; Gruber et al.
2022; present study). Furthermore, according to Salata et al. (2019) aggressive behav-
iour towards native ant species has been observed by V. jaegerskioeldi but such observa-
tions are not supported by quantified analyses suggesting the need for further studies.
These species should be considered for prioritisation on lists with further ongoing
research on their impacts. As an example W, auropunctata has been listed both as one
of the world’s worst invasive alien species (GISD 2023) and as an invasive alien spe-
cies of Union Concern (EU 1143/2014; EU 2022/1203). Currently, no other native
species have been found to occur in sites heavily infested by W, auropunctata and for
the moment no spread in natural habitats has been observed (Demetriou pers. obs.).

Wasmannia auropunctata has the potential to threaten human and animal health
because it can sting and in rare cases cause anaphylactic shocks with the potential to
harm both wild and domesticated animals (Wetterer and Porter 2003; Kidon et al.
2022). Infestations of electronic devices by 7. destructor also pose a potentially life-
threatening socio-economic impact of ants on the island. Citizen science is being con-
sidered as an approach by the authors to assess the socio-economic impacts of ants
in Cyprus and particularly their impacts in households. Such an initiative could also
be used to enhance understanding of the presence of other alien species, verify past
records of M. pharaonis, raise awareness of the impacts of alien ants as well as pro-
vide adequate data to perform risk assessments under EICAT and SEICAT protocols
(Hawkins et al. 2015; Bacher et al. 2018).
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Conclusions

A total of 17 alien ant species have been documented in Cyprus, with nine repre-
senting new records for the island. Most species have been predominantly found in
urban and agricultural habitats although some observations have been also made in
semi-natural and natural habitats including protected areas. All species are largely
synanthropic and are distributed in the island’s lowlands, with the majority (14 out of
17) being detected within the last decade and considered to be established (12 out of
17) on the island.

Although introduction pathways of alien insects in Cyprus are largely unknown
(Demetriou et al. 2023a), the CBD pathway category “Transport — Contaminant: 3.1.
Contaminant nursery material” (CBD 2014), is proposed as one of the main introduc-
tion pathways of alien ants to the island. Potted ornamental plants seem to facilitate
the introduction and spread of nests such as in the case of W auropunctata in Israel
(Vonshak and Tonescu-Hirsch 2009).

The identification key aims to support phytosanitary inspections and border con-
trols in order to provide early detection and management of alien ants. Future stud-
ies could incorporate molecular methods to assess the biological invasion history and
introduction pathways of alien ants to the island. Online, accessible, and more user-
friendly identification guides could further enhance monitoring efforts.

Regarding the impacts of alien ants in Cyprus, further monitoring through citizen
science initiatives and structured surveys could be insightful particularly for studying
the spread of alien ants and their interactions within ecosystems. Data on possible and
observed impacts could raise awareness and inform local policy and management ac-
tions mitigating the impacts through containment and eradication campaigns.
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