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Abstract
Spatial baseline distribution information on the presence of the freshwater invasive
alien species pond slider Trachemys scripta and the red swamp crayfish Procambarus
clarkii, in Cyprus, is comprehensively reported for the first time. These species
have established populations in 44 inland lentic and lotic water bodies, both natural
and man-made. The species occur in syntopy in eight locations. Trachemys scripta
is found in 15 locations, of which only 3 locations do not have established populations.
Procambarus clarkii is being reported in 30 sites with established populations. This
information is a stepping-stone for promoting management measures, for the successful
control and/or local eradication of these species in Cyprus.
Key words: red swamp crayfish, pond slider, protected areas, distribution, freshwater
non-native species

Introduction
Invasive alien species (IAS) are one of the main drivers of biodiversity
change and loss, as the number of alien species arriving in new areas
around the globe is rising with no sign of saturation (Seebens et al. 2017).
Islands are particularly vulnerable to biological invasions (Simberloff 1995;
Jeschke 2008; Turbelin et al. 2017) due to their distinct biodiversity and
high levels of endemism. While isolation has shaped natural colonization
of islands for millions of years, globalization in trade and transport has led
to a breakdown of biogeographical barriers and subsequent colonization of
islands by alien species. Understanding the risk, distribution and impact of
extant IAS on islands is essential for future management of introduction
pathways and for targeting possible local eradication of populations that
threaten native biodiversity. Likewise, horizon scanning approaches that
predict the arrival of new terrestrial, freshwater and marine invasive
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species (Roy et al. 2014; Peyton et al. 2019) are management tools that
inform both the resource needs to prevent further invasions and the details
required for jurisdictional biosecurity regulations. The current study
concerns the mapping of the distribution of pond slider Trachemys scripta
(Thunberg, in Schoepff, 1792) and red swamp crayfish Procambarus clarkii
(Girard, 1852) on the island of Cyprus. Both species are included in the list
of IAS of Union concern (the Union list) (European Commission 2016),
the core of EU Regulation 1143/2014, while T. scripta elegans is also
included in the IUCN list of the top 100 World’s worst invaders (GISD
2020). Species included in the Union list are subject to restrictions and
measures set out in the Regulation. These restrictions concern the
importation, transportation, keeping, selling, breeding, using/exchanging,
reproducing/growing and releasing of these species in the environment
while EU member states are required to take action on pathways of
unintentional introduction, to take measures for the early detection and
rapid eradication of these species and to manage species that are already
widely spread in their territory (European Union 2014).
The pond slider T. scripta, originally from the USA, has been produced
in massive numbers in farms for pet trade since the 1970s (Painter and
Christman 2000; Vlachogianni et al. 2013). More than 52 million individuals
of T. scripta were produced for foreign markets between 1989 and 1997
(Telecky 2001). Mostly sold as small hatchlings (3–4 cm carapace length),
when they reached adulthood (30 cm carapace length) they were often
released by owners in natural systems. The release of these turtles has been
reported in Europe (Garcia-Berthou et al. 2007; Teillac-Deschamps et al. 2008;
Martins et al. 2018), Africa, South America and Asia (Cadi et al. 2004; Martins
et al. 2018; CABI 2020). In comparison to native chelonians in European
countries, T. scripta exhibits greater reproductive frequency, earlier maturity
and greater fecundity, which favours population establishment and
competition for food resources and basking sites as well as greater potential
for displacing indigenous individuals (Perez-Santigosa et al. 2008; CABI 2020).
Procambarus clarkii is native to parts of Mexico and the USA and has
established throughout the world as a result of commercial introductions
for harvest as a food source (Souty-Grosset et al. 2016). Invasive populations
have been reported from Europe, Asia, Africa, North America, and South
America (Foster and Harper 2007; Gonçalves Loureiro et al. 2015; Nunes et
al. 2017; Oficialdegui et al. 2019). Impacts include aggressive competition
with native freshwater decapods, introduction of the crayfish plague,
reduction of macrophyte assemblages, alteration of water quality, predation
on and competition with a variety of aquatic species, and negative impacts
on bank stability, agricultural and fishing industries (Oscoz et al. 2010;
Souty-Grosset et al. 2016; GISD 2020).
Here we report the occurrence of T. scripta and P. clarkii in the Republic
of Cyprus and British Sovereign Bases and we document their distribution
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in protected areas. This study is a comprehensive report on the distribution
of these two freshwater invasive alien species, completed by the most
recent records made by national authorities, professionals and citizens. In
addition, the ecological implications on their presence in certain
international, EU and national protected areas are discussed.

Materials and methods
The aim of this study was to assess the current distribution of T. scripta
and P. clarkii. Information was collected for the areas under the effective
control of the Government of the Republic of Cyprus and the Sovereign
Base Areas. Literature review and field surveys were conducted for the
collection and synthesis of all available information and the establishment
of robust understanding on the distribution of T. scripta and P. clarkii on
the island. The collection of existing information included literature
review, screening of available publications and project reports (Stephanou
1987; ICOSTACY 2014; Kouba et al. 2014; Papatheodoulou et al. 2015;
I.A.CO 2017, 2018; Tsiamis et al. 2019) as well as personal communication
with authorities and stakeholders whose activities involve confirmation of
the presence of the species under concern, in both lentic and lotic water
bodies. Occurrence data were also integrated with unpublished records
personally communicated to the authors and records made by citizens and
presented in public websites. This participatory process engaging various
interested parties in the form of citizen-science generating scientific data is
successfully gaining increasing attention (Perdikaris et al. 2017).
The field surveys were conducted between April and October 2018, in
several locations for the investigation/confirmation of the species presence.
During that period of the year both species are known to be active
(Thomas et al. 1999; Alcorlo et al. 2008).
In order to identify the presence of P. clarkii, baited funnel traps were
used. Traps consisted of a cylindrical frame net, baited with cat food. The
traps were proven successful for the capture of T. scripta as well. In addition,
100 m line transects were set up for the confirmation of presence of
basking individuals of the pond slider. The baited traps were deployed
approximately every 10m along the study areas. The traps were placed 75%
submerged in water and tied in the riparian zone. The traps remained on
site overnight and were emptied the following day. If no detection
occurred the first day, the trapping effort was not repeated. Characteristics
for the study locations are given in Supplementary material Table S1. The
assessment of population density was beyond the scope of this study and
results were simply based on presence or status of establishment (i.e. casual
or established). All survey results are shown in Figures 1 and 2, accompanied
with specific population status.
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Figure 1. Distribution map of Trachemys scripta in Cyprus.

Figure 2. Distribution map of Procambarus clarkii in Cyprus.

Results and discussion
Records on the presence of IAS in 44 locations in the island of Cyprus are
reported in this publication. Trachemys scripta was located in 15 sites of
which eight reservoirs, four lakes and three lotic water bodies (Figure 1). In
all but three cases, the species has established reproducing populations. At
Paralimni lake (Table S1, row 36), Oroklini eastern canal (Table S1, row
34) and Larnaca aqueduct (Table S1, row 23) the presence of the species is
casual, with individuals of pet turtles most probably released by their
owners. Moreover, in one site, the presence of the species could not be
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confirmed by fieldwork even though we had received oral reports on its
presence, suggesting either actual absence of the species or low population
density, thus non-detection within our sampling scheme. The wide
distribution of the species is evident. It might be the case that the species
was widespread prior to 2016, when the species was added to the Union
List of the IAS Regulation, enforcing a ban on imports and sales
throughout Europe, allowing only a year to sell existing stocks, however
data on past distribution are insufficient. It is foreseen that, as public gains
awareness on the responsible handling of companion animals, illegal
releases into the wild will be minimised.
The presence of P. clarkii was confirmed in 30 inland freshwater bodies,
21 of which lentic (18 reservoirs and three lakes), eight lotic and in one
rainwater overflow pipe, with established populations in each (Figure 2).
Twenty-eight of the 30 sites are located within the Republic of Cyprus and
two within the Western Sovereign Base Area. The presence of the species
could not be confirmed within the current project, in seven additional sites,
for which we had received sighting reports. This may be interpreted as, either
actual absence of the species or low population density, and non-detectable
within our sampling scheme. These sites are also recorded in Figure 2.
The spatial distribution of the species is wider than initially estimated
based on existing published information as reported in Table S1. This
could be attributed to the insufficient control of stocking in water bodies.
There are reports that the species is released into water bodies by individuals
for recreational fishing. Such a possibility reveals an active pathway of
intentional spread, which requires future management within an integrated
management plan. The fact that the crayfish has been recorded in lotic
water bodies demonstrates its spread and colonization capabilities. It
should also be noted that its presence in the reservoirs or other lentic water
bodies often coincides with the presence of its fish predators, like the
largemouth bass – Micropterus salmoides (Lacepède, 1802) which could
potentially exercise control of its population over time. This is the case in
more than 70% of the lentic water bodies studied, in which P. clarkii cooccurs with predatory fish species (DFMR 2017).
From the 44 locations of detected IAS presence under the current study,
the two species occur in syntopy in eight locations (Table S1). The
coexistence of the two species reveals an additive pressure οf IAS in water
bodies. These are likely systems more vulnerable to human interference as
they are more accessible to, thus more prone to invasions. This information
highlights the importance of prioritizing such sites, both for targeted
management applications as well as controls and inspections to minimize
illegal release of IAS into the environment.
The majority of the water bodies that host either or both of the species
under concern are subject to a protection status of ecological importance
(Table S1). Even though the term “protected” covers a wide variety of
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designation and different management regimes, within the framework of
this study we chose to present sites designated as part of the Birds and
Habitats Directives and the national Forest Law 25(I)/2012. These are
Special Areas of Conservation (SAC) and Special Protection Area (SPA),
designated as part of the Natura 2000 network under the European
Directives 92/43/EEC (European Community 1992) and 2009/147/EC
(European Union 2009) and the corresponding National Legislations
N.153(Ι)/2003 and N.152(Ι)/2003, for the areas under the effective control
of the Republic of Cyprus and the corresponding Ordinances 26/2007 and
21/2008 of the Sovereign Base Areas. The two Directives are the most
important instruments of the European environmental policy, aiming to
maintain flora, habitats and fauna at a favourable conservation status. In
addition, some of the sites are located within State Forests or National
Forest Parks and three locations are within wetlands designated as wetland
of international importance under the Ramsar Convention. These
protection statuses are related to the preservation, protection or improvement
of the quality of the environment, which include provisions that address
the risks of introduced species to native biodiversity. Twenty-three of the
water bodies, in which the two species of concern have been recorded, are
either SAC or SPA or both SAC and SPA, eight lentic water bodies are
within State Forests, two within National Forest Parks and three water
bodies within Ramsar sites (Table S1). Procambarus clarkii has been recorded
in 27 protected areas, whereas T. scripta has been recorded in seven. The
impacts of these invasive species on protected or red-listed species has not
been assessed, and requires future thorough research to identify both the
level of threat and impact as well as the measures that need to be taken to
minimize this impact.
Although the establishment of protected areas aims to safeguard
biodiversity from potential threats, reports on increasing impacts of IAS to
native species and ecosystem structure suggest that biological invasions
may decrease the conservation potential of protected areas (Monaco and
Genovesi 2014; Rico-Sánchez et al. 2020). The impact of IAS on the
protected species or habitat is not always direct. IAS could exert indirect,
cumulative or induced impact by their presence or lateral interactions.
This is even truer for islands. Islands have an inherent vulnerability to IAS,
due to their isolation. Thus, there is a need of tailored measures for
combating IAS negative impacts (Scalera and Zaghi 2004; Spatz et al. 2017).
This cannot be emphasised enough, as the application of island-wide
effective control at crossing points is not in full operation in the case of
Cyprus, due to the political conditions. The impact of biological invasions
can even be worse in protected areas than elsewhere, because these areas
preserve key elements of biological diversity (Monaco and Genovesi 2014).
Originating from America, P. clarkii was introduced intentionally in the
1980’s in three lentic water bodies in Cyprus for angling purposes. A FAO
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Country Report for 1986–1987 stated that the species was flourishing in
the Athalassa dam and it was introduced in two other dams (Stephanou
1987). Since its introduction, it subsequently spread successfully in the
island. Its distribution in Cyprus is wider than the pond slider, attributed
mainly to its plasticity, reproductive potential, characterised by high fecundity,
multiple energy investment strategies and flexibility in the timing of life
history events (Garcia-Berthou et al. 2007; Alcorlo et al. 2008). Moreover,
it is estimated that the number of individuals released in the wild, as well as
the number of repeated introductions/releases and the independent sites of
releasing throughout their invasion history across the island, has been
greater than those of T. scripta. Even though T. scripta is not an explosive
species capable of rapid colonisation of feral habitats, it has a competitive
advantage towards other chelonians, as it reaches maturity comparatively
earlier, and has greater fecundity thus outnumbering them in optimal
environments (Cadi et al. 2004; Perez-Santigosa et al. 2008).
There are studies showing competitive behaviours of both species
towards native representatives of the same groups. Savvides et al. (2015)
showed, under laboratory conditions in Cyprus, that the crayfish exhibited
more successful competitive behaviour in securing shelters than the
indigenous to the island and protected freshwater crab Potamon potamios
(Olivier, 1804), indicating that in the wild the invader could displace or
exclude the native crab from sites utilised for reproduction and predator
avoidance. Though studies are needed to evaluate the interactions between
the two species in nature, P. potamios has been recorded to co-exist with P.
clarkii in lotic water bodies of Pafos district, in all three sites of Stavros tis
Psokas river (Table S1, rows 44–46). Potamon potamios is the only freshwater
crab species present on the island. The area of occurrence is designated as a
SPA (Table S1). In Spain, T. scripta was found to affect the survival of
indigenous species, competing for basking sites and displacing individuals
of other species (Perez-Santigosa et al. 2008). In Cyprus T. scripta has in
some lentic water bodies sympatric populations with the only autochthonous
freshwater turtle Mauremys rivulata (Valenciennes, 1833), which is an
Annex II species of the Habitats Directive 92/43/EEC. Both species have
been reported to reproduce successfully in lentic waters. This occurs in
Athalassa reservoir and Agios Georgios lake (Table S1, rows 10 and 5
respectively). In these water bodies, the population density of the pond
slider is probably the largest in the wild in Cyprus, most likely because
these water bodies are within the capital (Lefkosia) city and close to inhabited
areas which are easily accessible by the public to use, albeit illegally, for
releasing those sliders kept as pets. Both T. scripta and M. rivulata co-exist
and reproduce successfully. The intensity of any competitive relationships
between T. scripta and M. rivulata or P. potamios and P. clarkii, cannot be
assessed using the existing data, and no conclusive remarks can be yielded
on their relations without further targeted studies. Considering the
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significance of indigenous species as well as the risks posed by IAS in terms
of competition and/or pathogens, understanding the distribution patterns
of IAS is of fundamental importance.

Conclusions
In the present study, a comprehensive and updated picture of the current
distribution of T. scripta and P. clarkii in Cyprus has been provided.
Detailed information of relative abundance and population dynamics are
needed and related work is ongoing. Even though the negative effects of
these species on the aquatic diversity of lentic and lotic water bodies are
known, understanding their ecological interactions and the disturbance
factor exerted to the native fauna sharing similar niches is a prerequisite
prior to the application of any control measures.
An aspect of equal importance and integral part of any management
program is the general public awareness on the problem and active
participation of citizens in minimizing the spread of IAS or contributing to
their management by sharing relevant information with the competent
authorities. Recent contacts of T. scripta (and other turtle) owners with the
national competent authority inquiring about ways to safely remove their
pet from their homes indicate that the public has started becoming more
aware and sensitive with regards to handling invasive pets. The case of
P. clarkii is more complicated since it is not a species commonly held by
people in home aquaria in Cyprus, and its spread is mostly linked to
uncontrolled releases in water bodies for recreational fishing. Thus, in such
cases a more targeted raising awareness campaign with anglers and
amateur fishermen will be more effective in addressing the problem. In
both cases, ongoing efforts in Cyprus, through projects and collaborations
among competent authorities, stakeholders and NGOs, aiming to make
people aware of the risks associated with IAS and urging them to report
sightings of individuals of the two species in water bodies, will help reduce
their spread and facilitate their management.
The efficacy of any strategy to address IAS depends on the available
information, and on the sharing of data, knowledge and experience.
Similar inventories of IAS are an essential management tool for competent
authorities in efforts to prevent and control biological invasions. Features
such as riverscapes, that provide areas for colonization, facilitating the spread
of freshwater IAS, should also be mapped and monitored (Treguier et al.
2011; Bolch et al. 2020). Furthermore, the effective management of IAS
requires good quality data on the spread of invasive species, as well as
access to information on the biological traits of the species, their impacts,
and on the available management alternatives. Data collected during the
current study will be used for updating the information and distribution on
the online Cyprus Database of Alien Species (CYDAS) (Martinou et al. 2020)
for T. scripta and P. clarkii and can be used for informing the options for
management of these species in Cyprus.
Papatheodoulou et al. (2021), BioInvasions Records 10(3): 730–740, https://doi.org/10.3391/bir.2021.10.3.23

737

IAS of Union concern in Cyprus

Acknowledgements
The authors would like to express their gratitude to the Water Development Department, the
Department of Fisheries and Marine Research and the Cyprus Freshwater Angling Association,
who provided data and relevant information. The authors would also like to thank the two
anonymous reviewers for their constructive comments, which significantly improved this manuscript.

Funding Declaration
This study was partially funded by the Ministry of Agriculture, Rural Development and
Environment, Department of Environment, Contract 26/2018. Data for the Western Sovereign
Base Area were collected within the framework of the Darwin Initiative Darwin Plus 088:
Addressing the drivers of ecological change around the lake Akrotiri. Part of sampling was
funded by the COST Action TD1209 Alien Challenge. The funding was used for the study
design, collection, analysis and interpretation of data.

Authors’ Contribution
PA was involved in sample design and methodology, investigation and data collection, data
analysis and interpretation, writing the original draft, reviewing and editing; MA was involved
in investigation and data collection, writing the original draft, reviewing and editing; KP was
involved in investigation and data collection, reviewing and editing the manuscript; TE was
involved in sample design and methodology, data collection, reviewing and editing the
manuscript; CN was involved in data collection, reviewing and editing the manuscript; LFE
was involved in reviewing and editing the manuscript; HM was involved in conceptualizing the
research idea, sample design and methodology and reviewing and editing the manuscript.

References
Alcorlo P, Geiger W, Otero M (2008) Reproductive biology and life cycle of the invasive
crayfish Procambarus clarkii (Crustacea: Decapoda) in diverse aquatic habitats of SouthWestern Spain: Implications for population control. Fundamental and Applied Limnology.
Archiv fur Hydrobiologie 173: 197–212, https://doi.org/10.1127/1863-9135/2008/0173-0197
Bolch EA, Santos MJ, Ade C, Khanna S, Basinger NT, Reader MO, Hestir EL (2020) Remote
Detection of Invasive Alien Species. In: Cavender-Bares J, Gamon JA, Townsend PA (eds),
Remote Sensing of Plant Biodiversity, Springer Open, pp 267–307, https://doi.org/10.1007/
978-3-030-33157-3_12

CABI (2020) Invasive Species Compendium (CABI), https://www.cabi.org/isc/datasheet/61560
(accessed 7 August 2020)
Cadi A, Delmas V, Prévot-Julliard AC, Joly P, Pieau C, Girondot M (2004) Successful
reproduction of the introduced slider turtle (Trachemys scripta elegans) in the South of
France. Aquatic Conservation: Marine and Freshwater Ecosystems 14: 237–246,
https://doi.org/10.1002/aqc.607

DFMR (2017) Department of Fisheries and Marine Research (DFMR). Fish in Cyprus Fresh
Water Reservoirs. Ministry of Agriculture, Rural Development and Environment, Nicosia,
Cyprus, 1 pp
European Commission (2016) Implementing Regulation (EU) 2016/1141 of 13 July 2016
adopting a list of invasive alien species of Union concern pursuant to Regulation (EU) No
1143/2014 of the European Parliament and of the Council. Official Journal of the European
Union L189: 4–8
European Community (1992) Council Directive 92/43/EEC of 21 May 1992 on the conservation
of natural habitats and of wild fauna and flora. Official Journal of the European Union
L206: 7–50
European Union (2009) Directive 2009/147/EC of the European Parliament and of the Council
on the conservation of wild birds. Official Journal of the European Union L20/7: 7–25
European Union (2014) Regulation (EU) No 1143/2014 of the European Parliament and of the
Council of 22 October 2014 on the prevention and management of the introduction and
spread of invasive alien species. Official Journal of the European Union L317: 35–55
Foster J, Harper D (2007) Status and ecosystem interactions of the invasive Louisianan red
swamp crayfish Procambarus clarkii in East Africa. In: Gherardi F (eds), Biological
Invaders in inland waters: Profiles, Distribution and Threats Invading Nature - Springer
Series In Invasion Ecology, Volume 2. Springer, Dordrecht, The Netherlands, 733 pp,
https://doi.org/10.1007/978-1-4020-6029-8_1

Garcia-Berthou E, Boix D, Clavero M (2007) Non-indigenous animal species naturalized in
Iberian inland waters. In: Gherardi F (eds), Biological Invaders in inland waters: Profiles,
Distribution and Threats Invading Nature - Springer Series In Invasion Ecology, Volume 2.
Springer, Dordrecht, The Netherlands, 733 pp, https://doi.org/10.1007/978-1-4020-6029-8_1
Papatheodoulou et al. (2021), BioInvasions Records 10(3): 730–740, https://doi.org/10.3391/bir.2021.10.3.23

738

IAS of Union concern in Cyprus

GISD (2020) Global Invasive Species Database (GISD), http://www.iucngisd.org/gisd/species.php?sc=608
(accessed 7 August 2020)
Gonçalves Loureiro T, Silva Gentil Anastácio PM, Souty-Grosset C, Araujo PB, Pereira
Almerão M (2015) Red swamp crayfish: biology, ecology and invasion - an overview.
Nauplius 23: 1–19, https://doi.org/10.1590/S0104-64972014002214
I.A.CO (2017) I.A.CO Environmental and Water Consultants Ltd. Sampling, sample analysis
and assessment of Biological Quality Elements. Application of Article 8 of the Water
framework Directive 2000/60/EC-WDD 21/2015-Final Report. Water Development
Department-Ministry of Agriculture, Rural Development and Environment, Nicosia,
Cyprus, 245 pp
I.A.CO (2018) I.A.CO Environmental and Water Consultants Ltd. Sampling, sample analysis
and assessment of Biological Quality Elements. Application of Article 8 of the Water
framework Directive 2000/60/EC-WDD 15/2017- 1st Interim Report. Water Development
Department – Ministry of Agriculture, Rural Development and Environment, Nicosia,
Cyprus, 168 pp
ICOSTACY (2014) Improving the conservation status of fauna species in Cyprus: from
microhabitat restoration to landscape connectivity (ICOSTACY) LIFE09 NAT/CY/000247.
Final Report. Department of Environment. Ministry of Agriculture, Natural Resources and
Environment, Nicosia, Cyprus, 83 pp
Jeschke JM (2008) Across islands and continents, mammals are more successful invaders than
birds. Diversity and Distributions 14: 913–916, https://doi.org/10.1111/j.1472-4642.2008.
00488.x
Kouba A, Petrusek A, Kozák P (2014) Continental-wide distribution of crayfish species in
Europe: update and maps. Knowledge and Management of Aquatic Ecosystems 413: 5,
https://doi.org/10.1051/kmae/2014007

Martinou A, Pescott O, Michailidis N, Zenetos A, Jenna Wong L, Pagad S (2020) Global
Register of Introduced and Invasive Species - Cyprus. Version 1.8. Invasive Species Specialist
Group ISSG. Checklist dataset, https://doi.org/10.15468/uryl57 (accessed 22 May 2020)
Martins BH, Azevedo F, Teixeira J (2018) First reproduction report of Trachemys scripta in
Portugal Ria Formosa Natural Park, Algarve. Limnetica 37: 61–67, https://doi.org/10.23818/
limn.37.06

Monaco A, Genovesi, P (2014) European Guidelines on Protected Areas and Invasive Alien
Species. Council of Europe, Strasbourg, Regional Parks Agency - Lazio Region, Rome 60 pp
Nunes AL, Zengeya TA, Measey GJ, Wey OLF (2017) Freshwater crayfish invasions in South
Africa: past, present and potential future. African Journal of Aquatic Science 42: 309–323,
https://doi.org/10.2989/16085914.2017.1405788

Oficialdegui FJ, Clavero M, Sánchez MI, Green AJ, Boyero L, Michot TC, Klose K, Kawai T,
Lejeusne C (2019) Unravelling the global invasion routes of a worldwide invader, the red
swamp crayfish (Procambarus clarkii). Freshwater Biology 64: 1382–1400, https://doi.org/
10.1111/fwb.13312

Oscoz J, Tomas P, Duran C (2010) Review and new records of non-indigenous freshwater
invertebrates in the Ebro River Basin (Northeast Spain). Aquatic Invasions 5: 263–284,
https://doi.org/10.3391/ai.2010.5.3.04

Painter CW, Christman BL (2000) Geographic distribution. Trachemys scripta. Herpetological
Review 31(4): 253
Papatheodoulou A, Sergides L, Michael K, Emirzade T, Victora M, Anastasi A (2015) Cyprus
Wetlands - Cyprus Wetland Inventory. Published in http://www.cypruswetlands.org, (accessed
8 August 2020)
Perdikaris C, Konstantinidis E, Georgiadis C, Kouba A (2017) Freshwater crayfish distribution
update and maps for Greece: Combining literature and citizen-science data. Knowledge and
Management of Aquatic Ecosystems 418: 51, https://doi.org/10.1051/kmae/2017042
Perez-Santigosa N, Diaz-Paniagua C, Hidalgo-Vila J (2008) The reproductive ecology of exotic
Trachemys scripta elegans in an invaded area of Southern Europe. Aquatic Conservation:
Marine and Freshwater Ecosystems 18: 1302–1310, https://doi.org/10.1002/aqc.974
Peyton J, Martinou AF, Pescott OL, Demetriou M, Adriaens T, Arianoutsou M, Bazos I, Bean
WC, Booy O, Botham M, Britton RJ, Cervia JL, Charilaou P, Chartosia N, Dean JH,
Delipetrou P, Dimitriou CA, Dörflinger, G, Fawcett J, Fyttis G, Galanidis A, Galil B,
Hadjikyriakou T, Hadjistylli M, Ieronymidou C, Jimenez C, Karachle P, Kassinis N,
Kerametsidis G, Kirschel GNA, Kleitou P, Kleitou D, Manolaki P, Michailidis N, Owen
Mountford J, Nikolaou C, Papatheodoulou A, Payiatas G, Ribeiro F, Rorke LS, Samouel Y,
Savvides P, Schafer MS, Serhan Tarkan A, Silva-Rocha I, Top N, Tricarico E, Turvey K,
Tziortzis I, Tzirkalli E, Verreycken H, Winfield JI, Zenetos A, Roy EH (2019) Horizon
scanning for invasive alien species with the potential to threaten biodiversity and human
health on a Mediterranean island. Biological Invasions 21: 2107–2125, https://doi.org/10.
1007/s10530-019-01961-7

Rico-Sánchez AE, Sundermann A, López-López E, Torres-Olvera MJ, Mueller SA, Haubrock
PJ (2020) Biological diversity in protected areas: Not yet known but already threatened.
Global Ecology and Conservation 22: e01006, https://doi.org/10.1016/j.gecco.2020.e01006
Papatheodoulou et al. (2021), BioInvasions Records 10(3): 730–740, https://doi.org/10.3391/bir.2021.10.3.23

739

IAS of Union concern in Cyprus

Roy HE, Peyton J, Aldridge DC, Bantock T, Blackburn TM, Britton R, Clark P, Cook E,
Dehnen-Schmutz K, Dines T, Dobson M, Edwards F, Harrower C, Harvey MC, Minchin D,
Noble DG, Parrott D, Pocock MJO, Preston CD, Roy S, Salisbury A, Schönrogge K, Sewell
J, Shaw RH, Stebbing P, Stewart AJA, Walker KJ (2014) Horizon scanning for invasive
alien species with the potential to threaten biodiversity in Great Britain. Global Change
Biology 20: 3859–3871, https://doi.org/10.1111/gcb.12603
Savvides P, Louca V, Sfenthourakis S (2015) Competition for shelter occupancy between a
native freshwater crab and an invasive crayfish. Aquatic Ecology 49: 273–278,
https://doi.org/10.1007/s10452-015-9522-7

Scalera R, Zaghi D (2004) Alien species and nature conservation in the EU. The role of the
LIFE program. European Commission, Office for Official Publications of the European
Communities, Luxembourg, 56 pp
Seebens H, Blackburn TM, Dyer EE, Genovesi P, Hulme PE, Jeschke JM, Pagad S, Pyšek P,
Winter M, Arianoutsou M, Bacher S, Blasius B, Brundu G, Capinha C, Celesti-Grapow L,
Dawson W, Dullinger S, Fuentes N, Jäger H, Kartesz J, Kenis M, Kreft H, Kühn I, Lenzner
B, Liebhold A, Mosena A, Moser D, Nishino M, Pearman D, Pergl J, Rabitsch W, RojasSandoval J, Roques A, Rorke S, Rossinelli S, Roy HE, Scalera R, Schindler S, Štajerová K,
Tokarska-Guzik B, van Kleunen M, Walker K, Weigelt P, Yamanaka T, Essl F (2017) No
saturation in the accumulation of alien species worldwide. Nature Communications 8: 1–9,
https://doi.org/10.1038/ncomms14435

Simberloff D (1995) Why do introduced species appear to devastate islands more than mainland
areas? Pacific Science 49(1): 87–97
Souty-Grosset C, Anastácio P, Aquiloni L, Banha F, Choquer J, Chucoll C, Tricarico E (2016)
Impacts of the red swamp crayfish Procambarus clarkii on European aquatic ecosystems
and human well-being. Limnologica 58: 78–93, https://doi.org/10.1016/j.limno.2016.03.003
Spatz DR, Zilliacus KM, Holmes ND, Butchart SHM, Genovesi P, Ceballos G, Bernie RΤ,
Croll DA (2017) Global threatened vertebrates on islands with invasive species. Science
Advances 3: e1603080, https://doi.org/10.1126/sciadv.1603080
Stephanou D (1987) Cyprus Country Report for 1986-1987. Food and Agriculture Organization
of the United Nations (FAO), 205 pp
Teillac-Deschamps P, Delmas V, Lorrillière R, Servais V, Cadi A, Prévot-Julliard AC (2008)
Case Study 12: Red-eared Slider Turtles (Trachemys scripta elegans) Introduced to French
Urban Wetlands: an Integrated Research and Conservation Program. In: Mitchell JC, Jung
Brown RE, Bartholomew B (eds), Urban herpetology. Society for the Study of Amphibians
and Reptiles 3, pp 535–537
Telecky TM (2001) United States import and export of live turtles and tortoises. Turtle and
Tortoise Newsletter 4: 8–13
Thomas RB, Vogrin N, Altig R (1999) Sexual and seasonal differences in behaviour of
Trachemys scripta (Testudines: Emydidae). Journal of Herpetology 33: 511–515,
https://doi.org/10.2307/1565656

Treguier A, Roussel J-M, Schlaepfer MA, Paillisson J-M (2011) Landscape features correlate
with spatial distribution of red-swamp crayfish Procambarus clarkii in a network of ponds.
Knowledge and Management of Aquatic Ecosystems 401: 19, https://doi.org/10.1051/kmae/2011035
Tsiamis K, Gervasini E, Deriu I, Cardoso AC (2019) Updates on the baseline distribution of
Invasive Alien Species of Union concern. European Commission, Office for Official
Publications of the European Communities, Luxembourg, 61 pp, https://doi.org/10.2760/28412
Turbelin AJ, Malamud BD, Francis RA (2017) Mapping the global state of invasive alien
species: patterns of invasion and policy responses. Global Ecology and Biogeography 26:
78–92, https://doi.org/10.1111/geb.12517
Vlachogianni T, Vogrin M, Scoullos M (2013) Aliens in the Mediterranean. Invasions of alien
species pose a serious threat to the unique Mediterranean biodiversity. The Mediterranean
Information Office for Environment, Culture and Sustainable Development, 19 pp
Supplementary material
The following supplementary material is available for this article:
Table S1. Records of Trachemys scripta and Procambarus clarkii in Cyprus.
This material is available as part of online article from:
http://www.reabic.net/journals/bir/2021/Supplements/BIR_2021_Papatheodoulou_etal_SupplementaryMaterial.xlsx

Papatheodoulou et al. (2021), BioInvasions Records 10(3): 730–740, https://doi.org/10.3391/bir.2021.10.3.23

740

