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Abstract

Invasive species are a significant challenge for freshwater ecosystems on a global
scale. They can cause serious ecological and economic damage. The aim of our research
was to document the range expansion of freshwater invasive fishes in Georgia. Fish
studies were conducted during the years from 2019 to 2022 using standard methodologies.
A DNA barcoding approach was also employed to validate our findings. During the
course of the study, invasive Sharpbelly — Hemiculter leucisculus from different
locations of eastern Georgia has been detected, which is the first case of the existence
of this species in the country. In addition, we document a significant range expansion
of two other non-native species in Georgia. Amur goby, Rhinogobius lindbergi, was
collected in western Georgia, which was previously known only from eastern
Georgia, and the occurrence of mosquitofish, Gambusia holbrooki, was confirmed
in east Georgia for the first time. It is expected that the rapid expansion of the range
of the mentioned species may lead to a decrease in local and endemic species
populations in Georgia. With the development of aquacultural activities in the
country, these risks will also increase.

Key words: freshwater, illegal translocation, sharpbelly, Amur goby, mosquitofish,
Caucasus

Introduction

Invasive species are one of the main threats to global biodiversity (Early et al.
2016; Leuven et al. 2017; Duenas et al. 2021). Their spread is often
facilitated by humans, but they can expand their distribution independently
within introduction areas (Hoffmann and Courchamp 2016; Eagderi and
Moradi 2017; Mousavi-Sabet et al. 2019). These processes are common in
inland waters, and many fish species became locally widespread and invasive
after initial introduction (Robson et al. 2016; Leuven et al. 2017; Taybi et al.
2020). One of the most common vectors for fish introductions is aquaculture,
where the target species are frequently accompanied by hitchhiker species.
It is believed that the widespread introduction of many of the worst invasive
species, such as Pseudorasbora parva, Rhinogobius spp., and Carassius spp.,
is because of unintentional introductions (Aparicio et al. 2012; Japoshvili et al.
2013; Ninua et al. 2013; Eagderi and Moradi 2017; Mousavi-Sabet et al.
2019). The second, equally acute problem is the translocation of new species
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within a region or country, from one reservoir to another, by fishermen,
which mostly happens illegally (personal observations in our study area,
though hardly documented globally).

While spreading, invasive species are also accompanied by disease agents
and parasites new to the invaded region (Molnar et al. 2019). At the end,
the invasion of alien fish species into new areas may cause irreversible
losses and degradation of local ecosystems, as well as huge economic costs
(Arthington 1991; Cambray 2003; Ribeiro et al. 2009; Cuthbert et al. 2021).
The aquatic invasion is challenging for the whole world; however, in
developing countries, some peculiarities make the alien introductions even
more dramatic. These include weakly developed legislation, the absence of
control mechanisms, the absence of monitoring programs and early warning
mechanisms, a low level of environmental education, and poverty (Perrings
2005; Kuljanishvili et al. 2021). Arguably, when developing countries
are within biodiversity hotspots, the environmental and economic threats
associated with alien species get more dramatic. The South Caucasus region
and Georgia are part of the Caucasus biodiversity hotspot and are characterized
by the abundance of water resources and the diversity of freshwater species
(Myers et al. 2000; Ninua et al. 2013; Kuljanishvili et al. 2020; Epitashvili
et al. 2020). At the same time, this biodiversity is under a multitude of threats,
with one of the main ones being invasive species (Zazanashvili and Mallon
2009). According to recent studies, up to 119 freshwater fish species are
distributed in the inland waters of the Southern Caucasus region, of which
seven are considered alien and also seven are endemic (Kuljanishvili et al.
2020). Some species were introduced during the Soviet era for aquaculture
purposes. Such introductions were often accompanied by the accidental
entry and spread of small-sized alien fish in the region. This is for instance,
how the invasive Prussian carp — Carassius gibelio (Bloch, 1782) and Stone
moroko — Pseudorasbora parva (Temminck & Schlegel, 1846) are believed
to have spread in Georgia during the 80s and 60s, respectively (Japoshvili
et al. 2013; Ninua et al. 2013).

In the present work, we provide evidence for a new alien species — sharpbelly
(Hemiculter leucisculus (Basilewsky, 1855)) for Georgian freshwaters and
add to our knowledge of the distribution of oldly introduced invasive
mosquitofish (Gambusia holbrooki Girard, 1859) and the recent invader
Amur goby (Rhinogobius lindbergi Berg, 1933).

Materials and methods

Sample collection

Materials used in this study were collected during the various field campaigns
in different parts of Georgia in 2019-2022 (Figure 1) within the framework
of the Caucasus Barcode of Life (CaBOL) project (Thormann et al. 2019). Fish
sampling has been conducted using the electro fishing device - EFGI 650
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Figure 1. Map of Georgia with sample collection localities marked with colored dots. The red circles border new places where the
G. holbrooki and R. lindbergi were observed for the first time. Particular localities mentioned in the main text are denoted with
numbers: 1 — Alazani River (41.831858N; 45.866231E); 2 — Sioni Reservoir (41.9905N; 45.0128E); 3 — Shareula (Rioni basin)
(42.470233N; 43.066942E); 4 — Shakriani village (42.001040N; 45.601422E); 5 — Ujarma village, 41.773537N; 45.143819E);,
6 — right tributary of the Iori River (41.585057N; 45.586583E).

(http://www.electric-fishing.de/efgi6_e.html). In some cases, (mostly in lakes
and deep channels), we also used fishing rods, a frame net (mesh size 3 mm),
and a cast net (mesh size 10 mm) to obtain specimens. For species identification
we used standard identification guides available for Caucasian fishes (Kottelat
and Freyhof 2007; Ninua et al. 2013). Taxonomy is according to FishBase
(Froese and Pauly 2022) and detailed information about sample collection

localities and species is given in the supplementary table.

Sample processing

The fin clips of the obtained material were immediately fixed in 96%
molecular grade ethanol for the subsequent genetic study. All specimens
were initially identified to species level using standard morphological
characters (e.g. Kottelat and Freyhof 2007) and vouchered in the fish
collection of the Institute of Zoology of Ilia State University (Georgia).
With morphological identification, we used a DNA barcoding approach
based on mitochondrial cytochrome oxidase subunit I (COI) to validate
species identity. For this reason, DNA extraction from fin clips, PCR
(Polymerase Chain Reaction), and DNA sequencing were conducted within
the framework of the CaBOL project using a standard barcoding pipeline
(Epitashvili et al. 2020). All newly-generated DNA sequences were submitted
to the Barcode of Life Data System (BOLD, http://v4.boldsystems.org/),
where they were automatically assigned Barcode Index Numbers (BINS).
They can be accessed via the public dataset “Freshwater Fishes of Georgia”
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Figure 2. Vaucher speciemens of studied invasive alien species of Georgia. A —Sharpbelly
(Hemiculter leucisculus) from the Alazani River, eastern Georgia; B — Amur goby
(Rhinogobius lindbergi) from the Shareula River, Rioni Basin, western Georgia; C — Eastern
mosquitofish (Gambusia holbrooki) from the small swamp, near Shakriani Village, Kakheti
region, eastern Georgia. Scale bars: 1 cm. Photographs by G. Epitashvili

(project acronym: SCCBO). The sequences were further checked against
the BOLD database and BOLD tools were used for the calculations of
sequence divergence and relationships (Ratnasingham and Hebert 2007).

Results
Sharpbelly - Hemiculter leucisculus (Basilewsky, 1855)

In July 2020, during the field work on the Alazani River in eastern Georgia
(41.831858N; 45.866231E), a single specimen, morphologically very close
to Hemicluter leucisculus (Figure 2A) was collected. Later DNA barcoding
confirmed that the specimen indeed belonged to H. leucisculus, and this
was the first confirmed case of the occurrence of this fish in Georgia.
During subsequent fieldwork in 2020-2022, we collected 35 additional
specimens of H. leucisculus from 10 more locations (Figure 1; Supplementary
material Table S1). Due to the high morphological similarity of H. leucisculus
to Caspian Shamaya (Alburnus chalcoides (Giildenstadt, 1772)), reexamination
of the recent collections kept in the Institute of Zoology of Ilia State University
(Thilisi, Georgia), resulted in the finding of another record of H. leucisculus
collected in 2017 from the Sioni Reservoir (N41.9905; E45.0128) labeled as
A. chalcoides.

From the collected material, a 658-bp-long COI barcode region was
successfully generated for 12 specimens of H. leucisculus with no stop
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codons or indels. The mean uncorrected p-distance within Georgian
specimens was 0.33% (maximum - 0.66%). All the barcodes were assigned
to a BIN BOLD: ACB5189, representing H. leucisculus. This BIN includes
more than 600 specimens with a maximum within-BIN divergence (p-distance)
of 3.83% and the assignment of Georgian specimens to the species is thus
undoubted.

Amur goby - Rhinogobius lindbergi Berg, 1933

In July 2019, one specimen of an unknown goby (Figure 2B) was caught in
Racha, Western Georgia, in the mountainous river Shareula (Rioni Basin)
(42.470233N; 43.066942E). As DNA barcoding of the COI gene (BOLD
process ID: SCCB0O204-22, BIN BOLD: ACB4145) showed, this specimen
belongs to the genus Rhinogobius. On the phylogenetic tree (not shown),
this species was grouped with R. lindbergi, including the specimens previously
collected from western Georgia. In addition, a single specimen of R. lindbergi
was also observed in the Sioni Reservoir along with Hemiculter leucisculus
(see above).

Eastern mosquitofish - Gambusia holbrooki Girard, 1859

A single specimen of G. holbrooki was obtained on July 23, 2019 in the
Kakheti region, in a small swamp near Shakriani Village (42.001040N;
45.601422E). The specimen was caught with a kick net while sampling
benthic macroinvertebrates. The second case of recording a single specimen
of G. holbrooki (Figure 2C) occurred in December 2021, in the small right
tributary of the Iori River (41.585057N; 45.586583E) and no subsequent
sampling of the shoreline of the main river was successful. The third case of
sampling this species happened in June 2022, during recreational fishing at
Ujarma Lakes (Kakheti region, near Ujarma Village, 41.773537N; 45.143819E).
In contrast to the previous two cases, we detected a large population of
mosquitofish spread all over the lake. At the time of writing, there is
evidence of the occurrence of G. holbrooki in three locations in eastern
Georgia (Figure 1; Table SI).

Discussion

Hemiculter leucisculus is native to eastern Asia: China, North and South
Korea, Hong Kong, Japan, and the Amur River Basin (Berg 1949; Dong
et al. 2020). The species were introduced in the southern Caspian Sea Basin
more than 30 years ago (Hol¢ik and Razavi 1992) and then spread over the
Iranian freshwater bodies. Most probably, the species invaded Azerbaijan
territory from Iran as well (Mustafayev et al. 2015). Eastern Georgia and
Azerbaijan both belong to the Caspian Sea Basin and share the Kura River.
However, at the border of Georgia and Azerbaijan, there is the old and
large Mingachevir Reservoir, which represents an insurmountable barrier
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for migratory fish. Thus, the reservoir might have played a role in limiting
the spread of H. leucisculus in eastern Georgia. On the other hand, the
species managed to get over this barrier and appeared in Georgia during
the first and most probable second decade of the 21* century. Nevertheless,
in the period from 2010 to 2020, the species spread all over the eastern
Georgian main water bodies. We can assume that species were introduced
to Georgian freshwater by human facilitation and then expanded their
range independently. On the other hand, unintentional and illegal introductions
still take place, as indicated by their occurrence in the closed Bazaleti Lake.
Another example is the Sioni Reservoir, which was built on the Iori River
in 1963 for the Sioni hydropower plant (Demetrashvili 1972). It does not have
a fish passage and represents an insurmountable barrier. Since H. leucisculus is
not a commercially valuable species, its appearance in the Sioni Reservoir is
most likely due to accidental translocation. Given the supposed distribution
history of this species, we can assume that it will soon approach western
Georgian inland waters - the Black Sea Basin.

Rhinogobius lindbergi is native to the Amur and Ussuri river basins in
eastern Asia (Eagderi et al. 2018). It was only recently recorded as an alien
species in the Southern Caucasus region (Eagderi et al. 2018; Kuljanishvili
et al. 2020, 2021). The existence of this fish in Georgia was first confirmed
through DNA barcoding using the mitochondrial COI by Japoshvili et al.
(2020) and Epitashvili et al. (2020). It is noteworthy that all the individuals
used in the above mentioned studies were from the same location which is
situated in the easternmost part of Georgia, in the Kakheti region, near a
small stream near Ozaani Village (41.548977N; 45.988441E). Therefore, it
was believed that this location was the extreme north-western distribution
margin of this goby (Japoshvili et al. 2020).

Our new finding of this species is the first observation in the Black Sea
basin and represents a significant range expansion in the west (Figure 1).
Interestingly, nearly at the same time, the DNA signature (mitochondrial
Cyt-b gene) of this species was detected after an environmental DNA
(eDNA) metabarcoding study (samples collected in 2018-2019) of the
lower reach of the Rioni River (own unpublished material). Accordingly, it
seems that R. lindbergi is already widespread in Georgia, including the
Caspian and Black Sea basins, suggesting that the species’ introduction events
in Georgia are not recent, but relatively old. The small size of R. lindbergi,
coupled with its high morphological similarity with other gobies, makes it
difficult to easily detect the species. For this reason, species might escape
notice if not studied deliberately. Rhinogobius lindbergi does not have any
commercial value. It is not even used for recreational fishing. Thus, its spread
to new river basins can only be attributed to its accidental introduction as a
hitchhiker. After introduction, the species seems to have the ability to
survive and spread easily throughout the basin.
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Gambusia holbrooki is native to North America (Oscoz et al. 2008) and
was first introduced into western Georgian lowland wetlands in 1925 for
the mitigation of malaria disease (Elanidze 1983; Ninua et al. 2013). Since
then, it has spread and established itself in most of the western Georgia
lowland inland waters (Ninua et al. 2013). Nevertheless, until recent years,
it was believed that G. holbrooki was distributed only in the Georgian Black
Sea Basin. Elanidze (1983) noted that this species has also spread to eastern
Georgia along the Alazani, Iori, and Mtkvari rivers. However, there was no
hard evidence supporting this statement until 2019. From the three locations
where G. holbrooki have been detected, Ujarma Lake harbors the most
abundant population. Interestingly, during a year-old sampling in the same
lake, we did not find any specimens of that species. After subsequent
communication with the lake owner, it turned out that the species were
deliberately released to control mosquito populations without any legal
basis. This is one of the rare apparent cases of illegal translocation of non-
native species in Georgia. In the other two locations (Shakriani Swamp and
Tori River), the species is still very rare. Since there are artificial ponds near
sampling locations, we assume that this fish might unintentionally be
translocated to nearby localities and escape into the sampling areas.
However, we could not deduce whether this happened from western Georgian
populations or Azerbaijan. Even the source population for Ujarma Lake
remains unknown. Based on available information, we can conclude that
the species is regularly introduced into private waterbodies, intentionally
and/or unintentionally (but illegally, as no legal basis for mosquitofish
regulations exists in Georgia).

Summary

A recent review of alien and invasive species in Georgia and the South
Caucasus by Kuljanishvili et al. (2021) indicated the lack of knowledge and
research needs for invasive fish species in the region. In particular, except
for mosquitofishes, most of the alien species seemed to have been introduced
non-intentionally and illegally, while the exact pathways are hardly known.
Neither in Georgia nor in any other South Caucasian country does legislation
or a strategy dealing with alien species in general or aquatic aliens in
particular exist. Similarly, the control mechanisms or mitigation measures
for new introductions or local spread after introduction are strongly lacking.
This is reflected in the current paper. The introduction and spread of
Hemicluter leucisculus in Georgia as well as those of two other invasive
species are currently out of control. On the other hand, this and other alien
fish species must have a significant impact on both local fish communities
and ecosystems as a whole (Coad and Hussain 2007; Neely et al. 2008;
Macdonald and Tonkin 2008; Dong et al. 2020). As shown in recent
summaries, invasive alien species cause huge economic losses worldwide
(Haubrock et al. 2021). Such data is not available for Georgia, as no data
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collection mechanisms related to expanses and losses related to alien
species exist. However, we can easily assume that the economic loss is also
significant in Georgia and could be even more dramatic given the low
developmental stage of the country’s economy.

The rapid expansion of alien species may lead to a decrease in local and
endemic species populations in Georgia. Given the ever-intensifying
aquaculture and recreational fisheries, the intensity of the introduction and
establishment of alien and invasive fish in yet unoccupied areas is getting
bigger. In their 2022 paper, while conducting risk screening of alien fish
species, Mumladze et al. (2022) showed that all three species reported in
the presented manuscript have great risks of further increasing their range
within Georgia and becoming invasive throughout the region. Part of these
expectations have already been met in a very short time. Unfortunately, the
spread of alien species in Georgia’s inland waters is continuing at an alarming
rate, and no mitigation horizon is yet visible. It is therefore urgent to
develop a country-scale strategy with regards to alien species and tighten
the legislation in this regard. Aquaculture farms should be systematically
monitored and illegal relocations restricted as much as possible.

Acknowledgements

This work was done thanks to the logistical support of the Institute of Zoology at Ilia State
University. We would also like to thank the CaBOL (Caucasus Barcode of Life) project, funded
by the German Federal Ministry of Education and Research (BMBF) under grant number
01DK20014A, for supporting molecular genetic work. We would like to thank the anonymous
reviewers for their constructive and helpful comments that significantly improved the manuscript.

Funding declaration

CaBOL (Caucasus Barcode of Life) project, funded by the German Federal Ministry of Education
and Research (BMBF) under grant number 01DK20014A. The funders had no role in study
design, data collection and analysis, decision to publish, or preparation of the manuscript.

Authors’ contribution

GE, BJ, LM - research conceptualization; LM — sample design and methodology; GE, BJ —
investigation and data collection; GE, LM — data analysis and interpretation; GE — writing —
original draft; LM — writing — final draft; BJ, GE — writing — review and editing.

Ethics and permits

Sampling and sample treatment was performed under a permission issued by Georgian ministry
of Environmental Protection and Agriculture (#EPA2501/01, APA619; EPA2447/01, APAS530).

References

Aparicio E, Peris B, Torrijos L, Prenda J, Nieva A, Perea S (2012) Expansion of the invasive
Pseudorasbora parva (Cyprinidae) in the Iberian Peninsula: First record in the Guadiana
River basin. International Journal of Ichthyology 36: 585-586, https://doi.org/10.1111/1755-
0998.12505

Arthington AH (1991) Ecological and Genetic Impacts of Introduced and Translocated Freshwater
Fishes in Australia. Canadian Journal of Fisheries and Aquatic Sciences 48: 33—43, https:/doi.org/
10.1139/91-302

Berg LS (1949) Freshwater fishes of the USSR and adjacent countries. Israel Program for
Scientific Translations, Jerusalem, Israel, 787 pp [In Russian]

Epitashvili et al. (2023), Biolnvasions Records 12(4): 1111-1120, https://doi.org/10.3391/bir.2023.12.4.23 1118


https://doi.org/10.3391/bir.2023.12.4.23
https://www.invasivesnet.org
https://doi.org/10.1111/1755-0998.12505
https://doi.org/10.1111/1755-0998.12505
https://doi.org/10.1139/f91-302
https://doi.org/10.1139/f91-302

)

&d INVASIV[SNH New freshwater invasive fish records from Georgia

Cambray JA (2003) The need for research and monitoring on the impacts of translocated
sharptooth catfish, Clarias gariepinus, in South Africa. African Journal of Aquatic Science 28:
191-195, https://doi.org/10.2989/16085910309503786

Coad BW, Hussain NA (2007) First record of the exotic species Hemiculter leucisculus
(Actinopterygii: Cyprinidae) in Iraq. Zoology in the Middle East 40: 107-109, https://doi.org/
10.1080/09397140.2007.10638212

Cuthbert RN, Pattison Z, Taylor NG, Verbrugge L, Diagne C, Ahmed DA, Leroy B, Angulo E,
Briski E, Capinha C, Catford JA (2021) Global economic costs of aquatic invasive alien
species. Science of the Total Environment 775: 145-238, https://doi.org/10.1016/j.scitotenv.
2021.145238

Demetrashvili M (1972) Materials about fish farming for Sioni Reservoir. In: Sioni Reservoir.
Metsniereba, Thilisi, Georgia, pp 104-121 [In Georgian]

Dong X, Ju T, Grenouillet G, Laffaille P, Lek S, Liu J (2020) Spatial pattern and determinants
of global invasion risk of an invasive species, sharpbelly Hemiculter leucisculus (Basilesky,
1855). Science of The Total Environment 711: 1-9, https://doi.org/10.1016/j.scitotenv.2019.134661

Duenas MA, Hemming DJ, Roberts A, Soltero HD (2021) The threat of invasive species to
TUCN-listed critically endangered species: A systematic review. Global Ecology and
Conservation 26: €01476, https://doi.org/10.1016/j.gecco.2021.e01476

Eagderi S, Moradi M (2017) Range extension of the lake goby Rhinogobius similis Gill, 1859
(Teleost: Gobiidae) to Urmia Lake basin in northwestern Iran. Biharean Biologist 11(2):
123-125

Eagderi S, Nasri M, Cicek E (2018) First record of the Amur goby Rhinogobius lindbergi Berg
1933 (Gobiidae) from the Tigris River drainage, Iran. International Journal of Aquatic
Biology 6: 202-207, https://doi.org/10.22034/ijab.v6i4.528

Early R, Bradley BA, Dukes JS, Lawler JJ, Olden JD, Blumenthal DM, Gonzalez P, Grosholz ED,
Ibafiez I, Miller LP, Sorte CJ, Tatem AJ (2016) Global threats from invasive alien species in
the twenty-first century and national response capacities. Nature communications 7: 12485,
https://doi.org/10.1038/ncomms 12485

Elanidze R (1983) Ichthyofauna of the rivers and lakes of Georgia. Metsniereba, Tbilisi, Georgia,
318 pp [In Russian]

Epitashvili G, Geiger M, Astrin JJ, Herder F, Japoshvili B, Mumladze L (2020) Towards
retrieving the Promethean treasure: a first molecular assessment of the freshwater fish
diversity of Georgia. Biodiversity Data Journal 8: €57862, hitps://doi.org/10.3897/BDJ.8.e57862

Haubrock PJ, Turbelin AJ, Cuthbert RN, Novoa A, Taylor NG, Angulo E, Ballesteros-Mejia L,
Bodey TW, Capinha C, Diagne C, Essl F, Golivets M, Kirichenko N, Kourantidou M,
Leroy B, Renault D, Verbrugge L, Courchamp F (2021) Economic costs of invasive alien
species across Europe. NeoBiota 67: 153—190, https://doi.org/10.3897/neobiota.67.58196

Hoffmann BD, Courchamp F (2016) Biological invasions and natural colonisations: are they
that different? NeoBiota 29: 1-14, https://doi.org/10.3897/neobiota.29.6959

Hol¢ik J, Razavi BA (1992) On some new or little known fresh-water fishes from the Iranian
coast of the Caspian Sea. Folia Zoologica 41: 271-280

Japoshvili B, Mumladze L, Kiigiik F (2013) Invasive Carassius carp in Georgia: Current state of
knowledge and future perspectives. Current Zoology 59: 732—739, https://doi.org/10.1093/
¢z0010/59.6.732

Japoshvili B, Lipinskaya T, Gajduchenko H, Sinchuk A, Bikashvili A, Mumladze L (2020)
First DNA-based Records of New Alien Freshwater Species in the Republic of Georgia.
Acta Zoologica Bulgarica 72(4): 545-551

Kottelat M, Freyhof J (2007) Handbook of European freshwater fishes. Kottelat, Cornol and
Freyhof, Berlin, Germany, 646 pp

Kuljanishvili T, Epitashvili G, Freyhof J, Japoshvili B, Kalous L, Levin B, Mustafayev N,
Ibrahimov S, Pipoyan S, Mumladze L (2020) Checklist of the freshwater fishes of Armenia,
Azerbaijan and Georgia. Journal of Applied Ichthyology 36: 501-514, https://doi.org/10.1111/
jai.14038

Kuljanishvili T, Mumladze L, Japoshvili B, Mustafayev N, Ibrahimov S, Patoka J, Pipoyan S,
Kalous L (2021) The first unified inventory of non-native fishes of the South Caucasian
countries, Armenia, Azerbaijan, and Georgia. Knowledge and Management of Aquatic
Ecosystems 422: 1-16, https://doi.org/10.1051/kmae/2021028

Leuven RSEW, Boggero A, Bakker ES, Elgin A, Verreycken H (2017) Invasive species in
inland waters: from early detection to innovative management approaches. Aquatic
Invasions 12: 269273, https://doi.org/10.3391/ai.2017.12.3.01

Macdonald J, Tonkin Z (2008) A review of the impact of eastern gambusia on native fishes of
the Murray-Darling Basin. Arthur Rylah Institute for Environmental Research, Department
of Sustainability and Environment, Heidelberg, Victoria, 42 pp

Myers N, Mittermeier RA, Mittermeier CG, da Fonseca GAB, Kent J (2000) Biodiversity
hotspots for conservation priorities. Nature 403: 853—858, https://doi.org/10.1038/35002501

Mousavi-Sabet H, Amouei M, Salehi M, Salehi-Farsani A, Heidari A (2019) Range extension
and a new locality for the lake goby Rhinogobius lindbergi Berg, 1933 in the upper Tigris
River drainage, Iran. FishTaxa 4(1): 9-12

Epitashvili et al. (2023), Biolnvasions Records 12(4): 1111-1120, https://doi.org/10.3391/bir.2023.12.4.23 1119


https://doi.org/10.3391/bir.2023.12.4.23
https://www.invasivesnet.org
https://doi.org/10.2989/16085910309503786
https://doi.org/10.1080/09397140.2007.10638212
https://doi.org/10.1080/09397140.2007.10638212
https://doi.org/10.1016/j.scitotenv.2021.145238
https://doi.org/10.1016/j.scitotenv.2021.145238
https://doi.org/10.1016/j.scitotenv.2019.134661
https://doi.org/10.1016/j.gecco.2021.e01476
https://doi.org/10.22034/ijab.v6i4.528
https://doi.org/10.1038/ncomms12485
https://doi.org/10.3897/BDJ.8.e57862
https://doi.org/10.3897/neobiota.67.58196
https://doi.org/10.3897/neobiota.29.6959
https://doi.org/10.1093/czoolo/59.6.732
https://doi.org/10.1093/czoolo/59.6.732
https://doi.org/10.1111/jai.14038
https://doi.org/10.1111/jai.14038
https://doi.org/10.1051/kmae/2021028
https://doi.org/10.3391/ai.2017.12.3.01
https://doi.org/10.1038/35002501

)

INVASW[SNH New freshwater invasive fish records from Georgia

Molnar K, Székely C, Lang M (2019) Field guide to the control of warmwater fish diseases in
Central and Eastern Europe, the Caucasus and Central Asia. FAO Fisheries and

Aquaculture Circular No.1182. FAO, Ankara, 124 pp

Mumladze L, Kuljanishvili T, Japoshvili B, Epitashvili G, Kalous L, Vilizzi L, Piria M (2022)
Risk of invasiveness of non-native fishes in the South Caucasus biodiversity and geopolitical

hotspot. NeoBiota 76: 109—133, https://doi.org/10.3897/neobiota.76.82776

Mustafayev NJ, Ibrahimov ShR, Levin BA (2015) Korean Sharpbelly Hemiculter leucisculus
(Basilewsky, 1855) (Cypriniformes, Cyprinidae) is a New Species of Azerbaijan Fauna.
Russian Journal of Biological Invasions 6: 252-259, https://doi.org/10.1134/S2075111715040049

Neely DA, Sabaj Perez MH, Mendsaikhan B (2008) First Records of Rhinogobius lindbergi
(Teleostei: Gobiidae) and Abbottina rivularis (Teleostei: Cyprinidae) in the Lake Buyr
Drainage, Mongolia. Journal of Great Lakes Research 34: 334-341, https://doi.org/10.3394/

0380-1330(2008)34[334:FRORLT]2.0.CO;2

Ninua N, Japoshvili B, Bochorishvili V (2013) Fishes of Georgia. Tsignieri, Tbilisi, Georgia,

180 pp

Oscoz J, Miranda R, Leunda PM (2008) Additional records of eastern mosquitofish Gambusia
holbrooki (Girard, 1859) for the River Ebro basin (Spain). Aquatic Invasions 3: 108-112,

https://doi.org/10.3391/ai.2008.3.1.20

Perrings C (2005) The Socioeconomic Links Between Invasive Alien Species and Poverty.

Report to the Global Invasive Species Program, 36 pp

Ratnasingham S, Hebert PD (2007) BOLD: The Barcode of Life Data System (http:/www.
barcodinglife.org). Molecular Ecology Notes 7: 355-364, https://doi.org/10.1111/j.1471-8286.

2007.01678.x

Ribeiro F, Collares-Pereira MJ, Moyle PB (2009) Non-native fish in the fresh waters of
Portugal, Azores and Madeira Islands: a growing threat to aquatic biodiversity. Fisheries

Management and Ecology 16: 255-264, https://doi.org/10.1111/j.1365-2400.2009.00659.x

Robson HL, Noble TH, Saunders RJ, Robson SK, Burrows DW, Jerry DR (2016) Fine-tuning
for the tropics: application of eDNA technology for invasive fish detection in tropical freshwater
ecosystems. Molecular Ecology Resources 16: 922932, https://doi.org/10.1111/1755-0998.12505

Taybi AF, Mabrouki Y, Doadrio I (2020) The occurrence, distribution and biology of invasive
fish species in fresh and brackish water bodies of NE Morocco. Arxius de Miscellania

Zoologica 18: 59—73, https://doi.org/10.32800/amz.2020.18.0059

Thormann J, Ahrens D, Anderson C, Astrin JJ, Mumladze L, Rulik B, Tarkhnishvili D,
Espeland M, Geiger M, Hein N, Iankoshvili G, Karalashvili E, Mengual X, Morkel C,
Neiber MT, Peters RS, Reimann A, Ssymank A, Wesener T, Ziegler J, Misof B (2019) A prelude
to the Caucasus Barcode of Life Platform (CaBOL): Biodiversity Days in Georgia in 2018
and 2019. Bonn Zoological Bulletin 68: 275-296, https://doi.org/10.20363/BZB-2019.68.2.275

Zazanashvili N, Mallon D (2009) Status and Protection of Globally Threatened Species in the

Caucasus. CEPF, WWEF, Contour Ltd., Tbilisi, Georgia, 232 pp

Web sites and online databases

Froese R, Pauly D (2022) FishBase. www.fishbase.org, version (08/2022) (accessed 13 December 2022)

Supplementary material

The following supplementary material is available for this article:

Table S1. Occurrence of non-native fish taxa (Hemicluter leucisculus, Gambusia holbrooki, Rhinogobius lindbergi) in Georgia.

This material is available as part of online article from:
http://www.reabic.net/journals/bir/2023/Supplements/BIR_2023_Epitashvili_etal SupplementaryMaterial.xlsx

Epitashvili et al. (2023), Biolnvasions Records 12(4): 1111-1120, https://doi.org/10.3391/bir.2023.12.4.23

1120


https://doi.org/10.3391/bir.2023.12.4.23
https://www.invasivesnet.org
https://doi.org/10.3897/neobiota.76.82776
https://doi.org/10.1134/S2075111715040049
https://doi.org/10.3394/0380-1330(2008)34%5b334:FRORLT%5d2.0.CO;2
https://doi.org/10.3394/0380-1330(2008)34%5b334:FRORLT%5d2.0.CO;2
https://doi.org/10.3391/ai.2008.3.1.20
https://doi.org/10.1111/j.1471-8286.2007.01678.x
https://doi.org/10.1111/j.1471-8286.2007.01678.x
https://doi.org/10.1111/j.1365-2400.2009.00659.x
https://doi.org/10.1111/1755-0998.12505
https://doi.org/10.32800/amz.2020.18.0059
https://doi.org/10.20363/BZB-2019.68.2.275
http://www.fishbase.org/
http://www.reabic.net/journals/bir/2023/Supplements/BIR_2023_Epitashvili_etal_SupplementaryMaterial.xlsx


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /RUS <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



