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Abstract
A millipede species originating from South Asia and distributed throughout Europe, Oxidus gracilis
is recorded for the second time in Turkey, with the first definite locality record, an altered cave
environment (Koçköy cave, Düzce province, West Blacksea coast).
Keywords: Anatolia, infestation, pest, biospeleology, caves
Introduction
Habitat loss and degradation caused by mining or urbanization has been recognized as one of the
most significant global threats to subterranean biodiversity (Mammola et al., 2019) and a direct
driving factor promoting alien species colonization and invasion (Pyšek et al., 2020). However, it is
unknown whether degradation promotes invasions in subterranean ecosystems. Alien species
invading the subterranean habitats and their ways of colonization have been rarely documented
worldwide. On the other hand, it has been shown that they can establish abundant populations and
threaten the native subterranean fauna through direct or indirect effects (Reeves, 1999a; Taylor et
al., 2003). Since indigenous subterranean life is characterized by restricted distributions, low
diversity, and slow population growth, it is prone to instability and low redundancy at the population
and community levels, respectively (Mammola et al., 2019). Consequently, new interactions
inflicted by aliens, such as competition or predation, may threaten species in their entire ranges or
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communities as a whole; therefore, it is crucial to reveal such invasions and collect data to develop
a better understanding.
The proliferation of global trade and cross-continental travel contributes to the spread of invasive
species, including alien invertebrates mainly translocated through unintentional pathways, difficult
to track or prevent (Saul et al., 2017). Numerous invertebrate species are considered invasive in
Europe, yet our knowledge is limited compared to other groups like plants or vertebrates, mainly
because of taxonomic impediments or lack of ecological research (Roques et al., 2009). One of the
poorly known groups is Diplopoda, represented by 20+ known alien species across Europe (Stoev
et al., 2010; Decket et al., 2016), and one of them is the globally widespread Oxidus gracilis (C. L.
Koch, 1847).
O. gracilis is an alien species known in Europe since the 19th century and regarded as a pest due to
its plant damaging feeding habits and mass occurrence in greenhouses; and one of the few alien
millipede species that can colonize natural habitats (Stoev et al., 2010). It is now common in many
regions, including the Caucasus and the rest of the Black Sea coast (Stoev & Korsos, 2010; Kokhia
& Golovatch, 2020). Not surprisingly, Enghoff and Kebapçı (2008) reported this species from Rize
in the Caucasian part of Turkey. This species can also colonize subterranean habitats (Strasser, 1974;
Vicente & Enghoff, 1999), and reports emphasize the high abundances it can attain as an alien
subterranean element (Reeves, 1999b), indicating its troglophilic nature.
In this paper, we report a new record of the alien O. gracilis discovered in an altered cave
environment, aiming to provide new data on Turkey's poorly known millipede fauna and draw
attention to a subterranean colonization event that possibly occurred following the degradation of a
cave.

Material and methods
Koçköy (= Yenimahalle) cave is located 1,5 km south of Akçakoca, and 38,5 km north of Düzce
city centers on the western Black Sea coast of Turkey. It is a horizontally developed, semi-active,
doline-type cave with 360 m planimetric length and -13 m depth. Previous studies reported its
original dimensions at the entrance as 5 m wide and 4.4 m high and the surrounding surface habitat
as a dense forest (MTA, 2002). Today, the entrance and the surrounding habitat have been entirely
altered due to excavation and construction activities that took place recently (ASPEG, 2008). The
formerly large cave entrance is buried, leaving the sole possible access to the cave through a
reinforced concrete pipe system installed in an upright position (Fig. 1). Buildings, roads, backyards,
and anthropogenic shrub vegetation surround its environs, which replaced the formerly dense forest
habitat.
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We visited Koçköy Cave on 24 October 2020 to sample terrestrial arthropods. A direct intuitive
search methodology was adopted (Wynne et al., 2019) to sample the cave's entrance and twilight
zones. Unfortunately, exhaustive sampling was not possible in the dark zone due to low oxygen
levels, which triggered the immediate evacuation of the cave upon detection. Live specimens were
photographed in the field using a Nikon D7000 camera attached with a 105 mm macro lens;
specimens were directly taken into 70% ethanol and transferred to the laboratory.

Figure 1. Entrance of Koçköy Cave

Results and discussion
Oxidus gracilis (C. L. Koch, 1947) (Fig. 2)
Material examined: 7 ♂♂, 8♀♀, Turkey, Düzce Province, Akçakoca District, Koçköy Cave
(41°4'40.48"N, 31°7'20.96"E), asl 40 m, 20 Oct 2020, leg. M. Elverici.
Numerous individuals were observed foraging in high density on the walls of the concrete pipe and
cave and on allochthonous organic material accumulated on the ground during the twilight and dark
zones, with 15 specimens collected by hand. Specimens were aggregated mainly in the twilight
zone, but individuals were also observed in the examined portion of the dark zone.
The presence of O. gracilis in Turkey (Enghoff & Kebapçı, 2008) was mentioned in a sentence in
the paper that authors dedicated initially to an invasion event by Calyptophyllum longiventre
(Verhoeff, 1941). It was based on specimens observed in the indoor environment of houses at night
in Rize, on the Black Sea coast of northeastern Anatolia. Unfortunately, this significant report
recording O. gracilis in Turkey has been overlooked in the subsequent literature.
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With our record from Northwestern Anatolia, the species is now known from two localities on the
Black Sea coast of Turkey, both from altered or anthropogenic habitats. These two localities
correspond to two distinct ecological regions (İyigün et al., 2013); regardless, O. gracilis has been
recorded from every country on the Black Sea coast, as well as from territories neighboring Turkey
in the west and east: Bulgaria, Georgia, and Iran (Enghoff & Moravvej, 2005; Stoev, 2007; Kokhia
& Golovatch, 2020). Even though expanding trade and greenhouse cultivation of tropical plants has
been regarded as the main reason for this species' expansion in Europe, it shows a continuous
distribution pattern around the Black Sea coast, implying colonization through natural ways like
dispersal.
The record we are presenting is the first from a subterranean environment in Turkey. The fact that
the new locality is a severely altered cave is not very surprising, given that O. gracilis is mainly
associated with altered or modified ecosystems as a result of anthropogenic causes (Nguyen &
Sierwald, 2013; Nguyen et al., 2017). It is currently unknown how widespread this species actually
is in Turkey. However, a survey of 59 caves around Anatolia during the 2019–2021 period, 27 from
the Black Sea coast, indicates it is not common, at least in caves. All 59 caves have been sampled
via state-funded projects, in which a similar sampling methodology was carried out by the second
author, enabling the production of comparable invertebrate inventories. These efforts yielded a
single locality for O. gracilis, the Koçköy (Yenimahalle) cave.
It is unknown precisely when the construction activities that altered the entrance and the surrounding
habitat for Koçköy (Yenimahalle) occurred. However, it is possible to approximate it by considering
the existing reports published by public institutions or amateur caving groups. Two reports provide
descriptions of the cave based on field studies performed in 1999 and 2008, prior to our visit in
2020. The oldest historical report was based on a 1999 field survey, reporting the original state of
the cave prior to construction (MTA, 2002). The following report by ASPEG (2008) quoted a
denunciation from October 2007 on the debris depositing and recorded dramatic alterations of the
entrance and its environs due to a nearby excavation caused by road construction (ASPEG, 2008).
Nevertheless, this condition persisted and was confirmed during our visit in 2020.
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Figure 2. Female specimen of Oxidus gracilis (C. L. Koch, 1947) in situ.
According to Stoev and Korsós (2010), O. gracilis is regarded as a pest, damaging plants mainly in
greenhouses in many European countries, and capable of reaching high densities (>2500 individuals
per m2). This species is also called the "greenhouse millipede" for these attributes. It is currently
only known from altered habitats in Northern Turkey. However, upon finding its way to the South,
it might become a severe issue for the greenhouse farmers on the Mediterranean coast.
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