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Chapter 1: Introduction 

Non-native species 

Human activities have led to the introduction (intentional or unintentional) of non-

native species into new areas, which poses a high risk for the native biota in many terms: 

predation, competition, hybridization, habitat modification, and transmission of pathogens 

(Vitule et al. 2009; Gozlan et al. 2010). Nowadays problematic introductions of aquatic species 

and their potential impact on native organisms have resulted in the need to assess the impact 

of traded and translocated animals.  

Non-native species also called “non-indigenous” “alien”, or “exotic” species, are 

species that were not occurring in the target area naturally before and that their occurrence in 

the area is caused by human activities (Copp et al. 2005). In the target area, after overcoming 

the obstacles, non-native species are becoming invasive (Richardson et al. 2000) and negatively 

affecting the biodiversity (Ricciardi 2007). Some non-native species established and started 

their spread to the vicinity as invaders. Therefore, biological invasions are pointed to as one of 

the most discussed topics in the conservation management of native species and their habitats 

(Hulme 2009). 

The detailed survey leading to the valid estimations of introductions impacts of the 

species is crucial for improving wildlife management. Within the framework of possible 

approaches to prevent new invasions, it is necessary to compile lists of introduced aquatic 

animals, important for aquaculture and recreational fisheries and identify those that could be 

dangerous in terms of potential biological invasions. Hence, the prediction models were created 

with specific calibration on different groups of aquatic animals (Copp et al. 2009). These 

models comprehensively compare biological, ecological, ethological, geographical, and 

historical data and exploitation of the evaluated species. In terms of climate, the models 
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compare the native area of distribution of a non-native species with a selected/target area for 

which the risk assessment is computed. According to the different specific algorithms within a 

specific model, evaluation of potential invasiveness classifies species into one of the categories: 

low, medium, and high risk (Copp et al. 2009). The great advantage of predictive models is 

warning of potentially dangerous species before they occur. The results of the modelling of 

invasiveness may, therefore, serve to relevant legislative authorities and nature conservation 

bodies as a basis for introducing prevention of restrictive measures, which aims to minimize 

the possibilities of new biological invasions (Copp et al. 2009; Almeida et al. 2013; Van der 

Veer and Nentwig 2015). Species identified as low risk, in terms of biological invasions, should 

not be affected by implemented restrictions and their commercial use, therefore, should not be 

restricted. 

  

Research area  

We have defined thr Ponto-Caspian Region as a study area. The Ponto-Caspian region 

covers the Black, Azov and Caspian seas, including their river basins (Danube, Dniester, 

Dnieper, Don, Kuban, Kura, Aras, Terek, Volga, Ural) that are the relicts of East Paratethys 

(Yanina 2014). The Parathethys once (from late Eocene to late Miocene) was a shallow sea 

that stretched from the Western Alps through the Central Europe till the Transcaspian Basin 

(Rögl 1999). By the end of the Eocene, it was isolated from the Mediterranean Sea, which was 

formed after the Tethys vanished due to the Indian continent collision with Asia (Rögl 1999). 

At the end of the Miocene (5mya), the tectonic fault in the northern Caucasus has caused the 

separation of the Black, Azov and Caspian Seas, however, there were some temporary 

connections between these seas sometimes (Reid and Orlova 2002). In the Pleistocene, due to 

glaciations, the Black Sea was connected with the Mediterranean Sea, which has resulted in 

the transition of marine conditions into the previously freshwater lake (Ryan et al. 1997). In 
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the late glacial the meltwater from the ice sheets in northern Europe was flooding the Caspian 

Sea, which was then, through to Kuma-Manych strait, flowing into the Black Sea basin (Bahr 

et al. 2005).  

All these changes that have been happening for millions of years have affected the 

salinity and altered the connections between the Black and Caspian Sea basins, which itself 

had a dramatic influence on the evolution and adaptation of the Ponto-Caspian fauna (Reid and 

Orlova 2002).  Modern Ponto-Caspian fauna includes the species, that lived in the Tethys Sea 

and the marine ancestry has contributed to their ability to easily adapt to different salinity 

fluctuations and has resulted in Ponto-Caspian species invasiveness (Reid and Orlova 2002). 

The spread of the Ponto-Caspian species into the Baltic Sea and the Great lakes was facilitated 

by human actions since the 1960s. Interconnection of the rivers via canals opened the way for 

Ponto-Caspian fauna to invade new environments through ballast exchange (Reid and Orlova 

2002). On the other hand, the region itself is also experiencing introductions of non-native 

species from different source areas that are not yet assessed, in certain areas of this region. 

Considering the geographical history, Naseka (2010) analysed the freshwater fish 

species diversity and defined the Caucasian province, from other provinces that were 

previously delineated by Berg, 1940 (see Naseka, 2010). Naseka (2010) suggested division of 

Caucasian province into six districts that bear their own and unique ichthyofauna. We focused 

on two divisions of the Transcaucasia (the South Caucasus), the West and East Transcaucasus 

districts. In political terms, we focused on three countries: Armenia, Azerbaijan, and Georgia.   

Armenia, Azerbaijan, and Georgia are countries in the South Caucasus and most of 

their territory belongs to the Kura-Aras River drainage and the smaller watersheds of the Black 

and Caspian Sea (Figure 1). Located on the crossroads of Europe and Asia, the South Caucasus 

area is diverse with landscapes, comprising areas of high, glacial mountains to the lowlands 

(areas below the sea levels), which has resulted in climate variability in the area (Zazanashvili 
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et al. 2004). The place is characterized by species diversity and high endemism level and is 

included in the worlds biodiversity hotspot (Mittermeier et al. 2004), meaning that species 

presented in this area are considered as a biogeographic unit, that is also expressed as 

‘ecological islands’ (Myers et al. 2000). As the area of high biological diversity, conservation 

and monitoring of native and endemic species are very important. The area harbours relict and 

endangered sturgeon species.  

 

Figure 1. The map of freshwaters of Armenia, Azerbaijan and Georgia 

 

Objectives 

In order to identify the non-native freshwater fish species, first, we needed to revise all 

the existing freshwater species. Especially when the knowledge on freshwater biodiversity and 

distribution of freshwater fishes was significantly fragmented. The existing freshwater fish 

checklists of South Caucasian countries were outdated considering the recent 

taxonomic/nomenclatorial changes and distributional updates. Before there were old local 

publications (for instance: Abdurakhmanov, 1962; Ninua & Japoshvili, 2008; Pipoyan, 2012), 

sometimes on local languages limiting the species distribution only within the country borders 

and by creating this project and unifying these three countries we would make a big step in 

understanding fish distribution and diversity. Especially when this kind of work has not been 
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done since the 1940s (see Berg, 1949).  

Another important objective of this study was to create a communication, that would 

deal with the freshwater fish species and their local names in Georgia. This would help to avoid 

the mess in common names between the locals, and new species that did not have common 

names yet, would finally be perceivable. This work would have been important since: 1) 

common names are more easily adaptable among the non-scientific community; 2) the 

common name can play a significant role in communication efficiency among researchers, 

conservationists, decision-makers and local people; 3) this can affect the perception of the 

biodiversity and the conservation; and 4) species common names can help the biodiversity 

education.  

 In parallel to this research, we aimed to point out new species introduction records and 

evaluate their risks in the South Caucasian region. This would have been achieved via working 

on a few smaller projects to evaluate the future potential risks and their establishment that 

would largely contribute to the knowledge about non-native species in the area.  

After revealing the freshwater biodiversity in the south Caucasian region, we aimed to 

discuss non-native species in detail. This would have been the first step in understanding non-

native species in the region and establishing a reliable background for the risk assessment of 

non-native species and evaluation of their impact. The goal of this study was 

to comprehensively review the national legislative framework and policies to identify trends 

and gaps in non-native fish species management in the South Caucasus countries and to prepare  

an annotated list of non-native fish species with the information regarding the donor areas and 

pathways for fish introductions and evaluation of their establishment success. 

Finally, our research would make it possible to evaluate the non-native species using 

Risk Assessment tools. These models comprehensively compare biological, ecological, 

ethological, geographical, and historical data and exploitation of the evaluated species. 
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Evaluation of potential invasiveness classifies species into one of the categories: low, medium, 

and high risk (Copp et al. 2009). This type of research would lead to discussions regarding the 

importance of the assessments and suggest future steps for the improvement of the 

management of non-native species and arguments, that should be considered by the 

stakeholders.  
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Abstract 
The invasion of non-native fish species is the most threatening process for freshwater 

ecosystems. Yet the knowledge of fish species invasions, affecting mechanisms or possible 

future scenarios after introductions is rather limited in most of the parts of the world. These 

challenges are at least partially solved by the recently developed AS-ISK tool kit that enables 

researchers to screen the species for their invasiveness (i.e. horizon scanning) given the current 

and predicted climate change scenarios and make conclusions for future actions. Here, based 

on AS-ISK methodology, we screened 32 to introduced non-native established/not established 

species, not yet introduced and locally translocated species for their invasiveness in the South 

Caucasus (including Armenia, Azerbaijan and Georgia). The screening was conducted three 

local fish biologists independently to minimize human related errors. Among the screened 

species, we found that 21 species are pose high risks of invasiveness for the risk assessment 

area. The results were highly similar irrespective to involved expert. Eight of those high risk 

species are already widespread within the region and hence having yet unmeasured impact on 

the local environment/economy. The other species while others are expected to worsen the 

situation if become established. We draw special attention to the AS-ISK tool as a new open 

source and easy to use opportunity for local stakeholders to run horizon screening of potentially 

invasive species. Also identify the gaps in knowledge of non-native fish species in the South 

Caucasus region and provide recommendations for future directions towards the 

comprehensive understanding and enhanced management of non-native fish taxa. 
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Introduction 
Biological invasions are considered a topping threat to global biodiversity and pose significant 

human well-being problems (Mazza et al. 2014; Shackleton et al., 2018). Protecting the 

biodiversity and maintaining ecosystem functioning under the pressure of invasion of non-

native species (NNS) (also referred to as "alien") require huge expenditure annually. The 

growing trend of invasion events and extents (Seebens et al., 2017) are proportionally getting 

more and more costly (Diagne et al. 2020). Undoubtedly, eradication and later management of 

established invasive taxa are much demanding in terms of costs and challenges in mitigation 

than the prevention of initial penetration (Simberlof et al. 2013). The latter one can be achieved 

by country-based regulations to control species translocation within/among countries and 

immediate eradicative response once the invasive species first appear locally (according to the 

priorities for the management of invasive species adopted by "Convention of Biological 

Diversity" in 2002; Simberlof et al. 2013).  

However, concerted work to slow down the invasion process and management of invasive taxa 

seem to be challenging at a global scale (Genovesi et al. 2013; Tittensor et al., 2014; CBD, 

2018). One of the main reasons hindering the effective cross-national strategic planning against 

the invasion process is the absence of quality data for most of the countries (Latombe et al. 

2017). For example, most developing countries lack an effective list of invasive species, do not 

have monitoring capacities or have not adopted strategies of how to deal with invasive taxa, 

and are usually characterized by delayed reporting of new arrivals (Early et al. 2016). 

A good example is the South Caucasus comprising territories of Armenia, Azerbaijan and 

Georgia, which forms the major part of the Caucasus biodiversity hotspot (Mittermeier et al. 

2004).  Despite declared willingness to do so (e.g. signing parties on CBD), there are no yet 

working nationwide incentives to inventory the invasive species, nor monitoring programs for 

SC countries exist. Only marginal activities run by academic researchers provide the 

authoritative but still limited inventory of non-native plants (Kikodze et al. 2010; Fayvush and 

Tamanyan 2014; Sharabidze et al. 2018; Abdiyeva 2019), freshwater molluscs (Mumladze et 

al. 2019), insects (Aleksidze et al. 2021) and fishes (Kuljanishvili et al. 2021). Unfortunately, 

none of those mentioned above inventory (except fishes) is complete enough or up-to-date to 

be useful at a national or regional level. The effects of the NNS on biodiversity and ecosystems 

in SC have never been evaluated for even a single species. Undoubtedly, the NNS have already 
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caused some environmental and economic loss in SC countries. However, the cost amount or 

expenditure trends are unknown. There is no information on the economic costs of the NNS to 

the South Caucasian countries in the most up-to-date InvaCost database of Diagne et al. (2020). 

Located south of the Great Caucasus mountain chain and stretched between the Black and 

Caspian Seas, the 80% of the SC territory belongs to the Kura-Aras (the Caspian Sea basin) 

drainage shared with Turkey and Iran. Only 20% of the area (western SC) belongs to the Black 

Sea basin. The SC is widely recognized as a biodiversity hotspot having a great diversity of 

landscapes, climate zones, and respectively sheltering incredibly diverse plants and animal 

taxa. Freshwater biodiversity is perhaps the most understudied ecosystem type in the SC region 

(Mumladze et al., 2020). While the SC region is diverse with aquatic resources, the rivers are 

mainly considered as hydropower production potential (Freyhof et al., 2015; Mumladze et al., 

2019). Other services such as up-taking drinking water, fisheries, irrigation, recreation etc., 

while extensively used, is less acknowledged locally. Out of few recent studies, no threats 

facing the freshwater biodiversity and ecosystems in the SC (and Caucasus biodiversity hotspot 

in general) have been evaluated and hence very poorly understood. This is particularly evident 

when considering freshwater NNS's current and potential impact. Indeed, the knowledge about 

the threats that freshwater ecosystems face to in the SC area is virtually non-existent. Only in 

the recent study, Japoshvili et al. (2021) showed the effect of existing and planned hydropower 

plants on the connectivity of fish communities within Georgia. Another study by Kuljanishvili 

et al. (2021), based on the literature review, recent collections and social-media data about the 

diversity, distribution and introduction history, developed the most up-to-date inventory for all 

known non-native introduced/locally translocated species for the SC countries. This later work 

aimed to help future risk assessment models using the expert-based Aquatic Species Invasion 

Screening Kit – AS-ISK (Copp et al. 2016, 2021) and inform regional management policies. 

AS-ISK is one of the most promising tools to help decision-makers prioritize NNS according 

to the invasiveness potential and plan resource allocation for their management. Based on 

species biology, invasion history and future climate scenarios, AS-ISK is able to rank species 

according to the risks they pose if penetrated to a geographic area of interest (Risk Assessment 

or RA area hereafter). AS-ISK can provide a practical evaluation of the invasiveness of NNS 

that are either present and established in the area or have not yet arrived in a RA area. To 

understand the potential risks of the NNS in RA, we aimed to screen: (1) the locally 

translocated species that are a priori not usually perceived as invasive or non-native; (2) species 

that are (or were) a subject of introductions (established/not yet established) in RA area; (3) 

several freshwater fish species not yet introduced to RA area; (4) and the ones, which were 
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recorded but have not been found in natural waters in the RA. This is the first analysis of its 

kind for the region. It is anticipated to step forward to understand better the impact and risks 

of potential environmental/economic loss caused by invasive fish species in the region. Since 

the whole SC shares river basins, it is essential to evaluate the invasion risks at the level of the 

entire river basins. Thus such results are expected to be of high value for policy and 

environmental decision-makers at the country and international levels to plan invasive species 

management and mitigation.  

Methods 
Risk assessment (RA) area  

The South Caucasus is politically subdivided into three independent states Armenia, 

Azerbaijan and Georgia. However, the SC is also pronounced geographic unit. Indeed, the 

region is bordered by the insurmountable Great Caucasus mountain range from north and the 

Black and Caspian Seas, respectively, from west to east (fig. 1). The southern border is 

depicted less precisely, but it reflects the watercourses of two large rivers – the Kura/Aras and 

Chorokh, which springs in the Anatolian plateau. The longest in the region, the Kura-Aras river 

flows into the Caspian Sea. Almost all the eastern South Caucasian rivers are draining to this 

water basin except a few short rivers in extreme north-east Azerbaijan. 

On the other hand, western Georgia is draining into the Black Sea through numerous small to 

medium-sized rivers. Above this, there are several isolated mountainous lakes with their 

independent basin. Among those, the Sevan Lake in Armenia is the largest, with a surface area 

of 1239 km
2
 and the basin with 5000 km

2
. This lake harbours several endemic freshwater taxa. 

According to Kuljanishivili et al. (2021), some species were translocated from the Black Sea 

rivers of Western Georgia to the Kura-Aras system intentionally or unintentionally. In addition, 

a few species, such as Sevan trout was also introduced from Sevan Lake to similar mountainous 

lakes within the Kura-Aras basin. Other species were introduced accidentally or intentionally 

through the SC area. Thus, as the RA area, we consider either whole 'South Caucasus' for 

species already (or can be) introduced in the region or 'eastern SC' (Caspian Sea Drainage) for 

translocated species. 

Risk screening 

In total, 32 freshwater fish species were selected for risk assessment of their invasiveness in 

the South Caucasus region – hereafter, also referred to as the 'RA area'. RA (for each of 32 

species) were carried out independently by BJ, GE and TK under the supervision of LM and 

LV, who were respectively responsible for quality control of the biological/ecological data and 
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of the methodological (i.e. database-related) aspects of the study. The criteria for species 

selection were as follows (Table 1): 

1. Translocated species (n = 8); 

2. Non-native species already present in the RA area (n = 14); 

3. Non-native species established in neighbouring countries or countries of similar climate to 

the RA area (n = 5); 

4. Non-native species were recorded in the RA area but not in the wild (n = 5).  

The species for the first three criteria were based on the most recent non-native species list 

published by Kuljanishvili et al. (2021), and the later one were selected based on the literature 

search. 

Identifying potentially high-risk species was undertaken using the AS-ISK (available for free 

download at www.cefas.co.uk/nns/tools/). This decision-support tool complies with the 

'minimum standards' for screening NNS under EC Regulation No. 1143/2014 on the prevention 

and management of the introduction and spread of invasive alien species (European Union, 

2014). The AS-ISK consists of 55 questions: the first 49 questions comprise the Basic Risk 

Assessment (BRA) and address the biogeography/invasion history and biology/ecology of the 

species; the last six questions comprise the Climate Change Assessment (CCA) and require the 

assessor to predict how future predicted climatic conditions are likely to affect the BRA with 

respect to risks of introduction, establishment, dispersal and impact. For the purposes of the 

CCA component of the screening protocol, an increase in temperature on average by 2
o
C 

relative to current conditions is predicted (Hansen et al., 2010; Beck et al. 2018). 

To achieve a proper screening, the assessor must provide a response for each question, a level 

of confidence (see below), and a justification based on literature sources. The outcome BRA 

score, ranges from −20 to 68, and a composite BRA+CCA score, ranges from −32 to 80. It 

means after adding or subtracting up to 12 points to the BRA score or leaving it unchanged in 

case of a CCA score equal to 0. Scores < 1 suggest that the species is unlikely to become 

invasive in the RA area and poses a low risk, whereas scores > 1 indicate a medium or high 

risk of being invasive species in the RA area. The threshold values for the BRA and BRA+CCA 

that distinguish between medium-risk and high-risk levels are obtained through a procedure of 

RA area-specific 'calibration', which is achieved by Receiver Operating Characteristic (ROC) 

curve analysis (Bewick et al., 2004). Additionally, for the species classified as high risk, a 

distinction was made in this study of the 'very high risk' species based on an ad hoc threshold 

weighted according to the range of high-risk score values obtained for the BRA and BRA+CCA 
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(e.g. Clarke et al., 2020; Interesova et al., 2020; Killi et al., 2020; Moghaddas et al., 2021; Uyan 

et al., 2020). Importantly, identifying the very high-risk species is helpful to prioritize the 

allocation of resources because of a full RA (Copp et al., 2016a). This examines in detail the 

risks of: (i) introduction (entry); (ii) establishment (of one or more self-sustaining populations); 

(iii) dispersal (more widely within the RA area, i.e. so-called secondary spread or 

introductions); and (iv) impacts (to native biodiversity, ecosystem function and services, and 

the introduction and transmission of diseases). 

For ROC curve analysis to be implemented, the species selected for screening must be 

categorized a priori as 'non-invasive' or 'invasive' using literature sources. The a priori 

categorization was implemented as follows (see also Clarke et al. 2020): (i) the first search was 

made in the FishBase (www.fishbase.org), where, the species that were regarded as 'harmless' 

were categorized as non-invasive in our study and the species that were regarded as 'potential 

pest', were categorized as invasive. Species, not evaluated or not listed in the above database 

were scored as absent; (ii) a second search was made of the Global Invasive Species Database 

(www.iucngisd.org) and the Centre for Agriculture and Bioscience International Invasive 

Species Compendium (www.cabi.org/ISC), with the species categorized as invasive if it 

appeared in any of such lists or scored as absent if not listed; (iii) a third search was made of 

the Invasive and Exotic Species of North America list (www.invasive.org), with the species 

categorized as invasive if it appeared in any of such lists or scored as absent if not listed; (iv) 

except for those species categorized as invasive in any (or all) of the previous three steps, a 

Google Scholar (literature) search was performed to check whether at least one peer-reviewed 

reference is found that 'demonstrates' (hence, not 'assumes') invasiveness/impact. The latter 

was then taken as 'sufficient evidence' for categorizing the species as invasive; whereas, if no 

evidence was found, then the species was categorized as non-invasive. 

The Confidence level (CL) in the responses to questions in the AS-ISK is ranked using a 1–4 

scale (1 = low; 2 = medium; 3 = high; 4 = very high) as per the Intergovernmental Panel on 

Climate Change (IPCC 2005; see also Copp et al., 2016b). Based on the CL allocated to each 

response, a confidence factor (CF) is obtained as: 

CF = ∑(CLQi)/(4 × 55) (i = 1, …, 55) 

where CLQi is the CL for Qi, 4 is the maximum achievable value for confidence (i.e. very high: 

see above) and 55 is the total number of questions comprising the AS-ISK questionnaire. The 

CF ranges from a minimum of 0.25 (i.e. all 55 questions with confidence level equal to 1) to a 

maximum of 1 (i.e. all 55 questions with confidence level equal to 4). Based on all 55 Qs of 
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the AS-ISK questionnaire, the 49 Qs comprising the BRA and the six Qs comprising the CCA: 

for the CL, the CLTotal, CLBRA and CLCCA are computed, respectively; and for the CF, the 

CFTotal, CFBRA and CFCCA. 

Statistical analysis 

A ROC curve is a graph of sensitivity vs 1 – specificity for each threshold value, wherein the 

present context, sensitivity and specificity will be the proportion of a priori invasive and non-

invasive fish species, respectively, that are correctly identified by the AS-ISK as such. A 

measure of the accuracy of the calibration analysis is the area under the curve (AUC). Given 

that AUC is equal to 1, the test is 100% accurate because both sensitivity and specificity are 1, 

and there are neither 'false positives' (a priori non-invasive species classified as high risk, hence 

invasive) nor 'false negatives' (a priori invasive species classified as low risk, hence non-

invasive). If the AUC is equal to 0.5, then the test is 0% accurate as it cannot discriminate 

between 'true positives' (a priori invasive species classified as high risk, hence invasive) and 

'true negatives' (a priori non-invasive species classified as low risk, hence non-invasive). 

Following ROC analysis, the best threshold value that maximizes the true positive rate and 

minimizes the false positive rate was determined using Youden's J statistic; whereas the 

'default' threshold of 1 was set to distinguish between low-risk and medium-risk species. 

Notably, the true/false positive/negative outcome distinction was not applied to the medium-

risk species, as they can be either included or not into a full (comprehensive) RA (see 2.1 Risk 

Screening) depending on priority and/or availability of financial resources. Fitting of ROC 

curves was performed by the package pROC (Robin et al., 2011) for R x64 v3.2.0 (R Core 

Team, 2019) using 2000 bootstrap replicates for the confidence intervals of specificities, which 

were computed along with the entire range of sensitivity points (i.e. 0 to 1, at 0.1 intervals). 

Differences in CF between components (i.e. BRA and BRA+CCA) were tested with 

permutational ANOVA based on a one-factor design. Analysis was implemented in 

PERMANOVA+ for PRIMER v6, with normalization of the data and using a Bray-Curtis 

dissimilarity measure, 9999 unrestricted permutations of the raw data, and with statistical 

effects evaluated at α = 0.05. 

Results 
For both the BRA and the BRA+CCA, there were no statistically significant differences 

between AUCs from the three assessor-specific ROC curves (BJ vs GE: P = 0.679 for the BRA 

and 0.546 for the BRA+CCA; BJ vs TK: P = 0.869 and 0.811; GE vs TK: P = 0.607 and 0.404). 

These results justified the computation of two ROC curves based on the mean BRA and 
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BRA+CCA outcomes scores for the screened species, respectively. Accordingly, the ROC 

curve for the BRA resulted in an AUC of 0.7316 (0.5274–0.9358 95% CI) and that for the 

BRA+CCA in an AUC of 0.6926 (0.4895–0.8958 95% CI). These AUCs indicated that AS-

ISK was able to reliably distinguish between non-invasive and invasive freshwater fish species 

for the RA area. Youden's J provided the BRA and BRA+CCA thresholds of 18.0 and 20.3, 

respectively, which were used to calibrate the risk outcomes for the distinction between 

medium-risk and high-risk species. The AS-ISK report for the 32 screened species is provided 

as Supplementary Material 1. 

Based on the BRA threshold (Table 2): 

● 21 (65.6%) species were classified as high risk and 11 (34.4%) as a medium risk; 

● Amongst the 21 species categorized a priori as invasive, 18 were true positives; 

● Out of the 11 medium-risk species, eight were a priori non-invasive and three invasive. 

Based on the BRA+CCA threshold (Table 2): 

● 21 (65.6%) species were classified as high risk, 10 (31.3%) as medium risk, and one 

(3.1%) as low risk; 

● Amongst the a priori invasive species, 17 were true positives; amongst the a priori non-

invasive species, one was a true negative (Coregonus sp.); 

● Out of the 10 medium-risk species, six were a priori non-invasive and four invasive. 

The highest-scoring ('top invasive') species (BRA score ≥ 40 and BRA+CCA score ≥ 45, both 

taken as ad hoc 'very high risk' thresholds) were gibel carp (Carassius gibelio), Zander (Sander 

lucioperca), North African catfish (Clarias gariepinus) and topmouth gudgeon 

(Pseudorasbora parva) for both the BRA and BRA+CCA, and ruffe (Gymnocephalus cernua) 

for the BRA+CCA only. The CCA resulted in an increase in the BRA score (cf. BRA+CCA 

score) for 26 species and in a decrease for the remaining six species (Table 3). Differences in 

BRA scores between the three assessors ranged from 1 to 34, with a mean of 13.0 and median 

of 11.5, and 5% and 95% CIs of 6.0 and 23.0, respectively (Figure 2a). Differences in 

BRA+CCA scores ranged from 4 to 35, with a mean of 16.3 and a median of 13.5 and 5%, and 

95% CIs of 5.8 and 32.0, respectively (Figure 2b). 

In terms of confidence in the responses, the mean CLTotal was 2.70 ± 0.03 SE, the mean CLBRA 

2.77 ± 0.03 SE, and the mean CLCCA 2.11 ± 0.07 SE (hence, indicating medium confidence). 

The mean CFTotal was 0.674 ± 0.008 SE, the mean CFBRA 0.692 ± 0.008 SE, and the mean 

CFCCA 0.527 ± 0.017 SE. Statistically, the CLBRA was significantly higher than the CLCCA 

(F#1,62 = 76.72, P < 0.001). 
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Discussion 
NNS in SC region 

Presented work is the first attempt to evaluate risks of freshwater NNS invasiveness in the 

Caucasus biodiversity hotspot. Employed AS-ISK tool-kit was able to successfully identify 

and classify freshwater associated NN fish species according to the risks they pose in the SC 

region. The obtained BRA and BRA+CCA thresholds for the SC can be then used for further 

risk screenings of any single fish species in the region. Worse to note that our calibration 

resulted relatively higher thresholds for both BRA/BRA+CCA then reported by a Vilizzi et al 

(2021) indicating the peculiarity of particular RA area under question. Furthermore, the either 

threshold values can be adjusted after obtaining new biological data on separate species or by 

improving climate prediction scenarios. Thus re-screening of the species after some time can 

be worthwhile. Due to inherent ambiguity related to expert-based evaluations, we replicated 

screening procedures independently for each species and found no statistically significant 

differences between assessors. This further justifies the reliability of the obtained results.  

Among the screened species (32 in total), 21 species were classified among the high-risk 

bearing for both BRA and BRA+CCA (Table 2). From those high-risk species, there are three 

false positives (not a priory invasive), including three-spined stickleback (Gasterosteus 

acculeatus), ruffe (Gymnocephalus cernua), and pumpkinseed (Lepomis gibbosus). However, 

the high-risk status of those species can easily be justified for the RA area. As an example, G. 

aculeatus is widespread circum-arctic/temperate species that naturally occurs in the Black Sea 

basin. However, species expanded its range to the Caspian Sea using Volga-Don channel and 

now is widely established along the Caspian Sea coast (in particular eastern SC region) and 

actively inters to a lower reaches of rivers (Ibrahimov and Mustafayev, 2015). Due to its high 

tolerance to salinity and temperature and its reproductive/foraging characteristics (e.g. Roch et 

al. 2018; Candolin, 2019), the species can be considered as high risk-bearing within the RA 

area. Similarly, G. cernua is also a widespread species around the RA area (natively), but was 

naturally absent in SC. This species is widely introduced throughout European countries and 

USA. Due to its biology and trend of range expansion, species is well suited to invasive status; 

however, still, there is no consensus whether the species possess high risks of biodiversity and 

local economies within invaded areas (Gunderson 2021). G. cernua was only recently recorded 

from RA area and have established a population in at least a single (Rioni) river (Epitashvili et 

al. 2020). Thus, with wide distribution potential, species can significantly alter the invaded 

ecosystems through competition to native fauna and alter endemic/range restricted 

invertebrates. The last species from this category is L. gibosus, a widely established species in 
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Europe that originated from North America. Though species have not yet been recorded from 

RA area, it is established in western neighbour countries, and there are no known obstacles 

preventing its introduction. Pumpkinseed is known to adjust its life-history traits to new 

environments (Copp et al., 2007) and can even be an aggressive competitor for native fauna 

(Almeida et al., 2014; Copp et al., 2017). Although the species is not declared as highly 

invasive globally, it can be a serious concern in the RA area. Thus, all three species screened 

as false positive could be considered a high risk bearing for the RA irrespective of their global 

status.  

The rest of the a priory invasive 18 species with a high risk of invasiveness (Table 1,2,) are 

supposed to bring a significant treat to a native species and ecosystems. Of those species, 14 

are already established in the RA area (Table 1, category 2), and some of these species (such 

as Carassius gibelio or Pseudorasbora parva) are already recognized as a serious concern at a 

regional scale (Kuljanishvili et al., 2021). Unfortunately, quantitative data on the threats or 

effects to native species and ecosystems as well as the economic loss related to those 

established species, is non-existent for RA area.  

Among the 8 translocated species within RA area, only two (Sander lucioperca, perca 

fluviatilis) are considered as a priory invasive (Table 1,2). These two species with Salmo 

ischchan were intentionally and repeatedly introduced to non-native waterbodies while the 

introduction pathways of the rest of species are not well understood (Kuljanishivili et al., 2021). 

Whatever the reasons or ways of introduction, all of the locally translocated species turned out 

to pose medium to high risk of being invasive.  

Other species that are not known as established in RA area in spite of their previous 

introductions, the highly invasive Mylopharyngodon piceus and Ictalurus punctatus seem to 

benefit from climate change significantly (Table 2). The same goes to a sample of fish species 

that are not yet spotted within a RA area bat are known from proximity (3
rd

 category in Table 

1). These species have a high risk of being invasive within a RA area. Thus their future 

introductions should be avoided.  

Conservation issues in SC on the light of NNS 

Most of the freshwater NNS in the South Caucasus region were introduced intentionally, 

including some of the most invasive species (e.g. Gambusia holbrooki). Among the NN fish 

species, seven species (Anguilla anguilla, Carassius gibelio, Gobio artvinicus, Pseudorasbora 

parva, Rhinogobius lindbergi, Perca fluviatilis, and Hemiculter leucisculus) are unintentional 

introductions (or hitchhikers) or are naturally increasing their range to RA area from neighbour 

countries (Kuljanishvili et al. 2021). Without exceptions, once the species is established in SC, 
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it continues further colonization of the RA area. The natural geographic barrier dividing the 

Caspian and Black Sea basins is only temporarily effective to slow down the NNS range 

expansion. The alien species introduced to one of those basins appear later in another basin. 

For instance, it is believed that C. gibelio was accidentally introduced in the eastern Georgian 

fish farms erroneously as a Cyprinus carpio. After realizing the farmer discarded an unwanted 

fish batch in the nearest river. Ever since, this species has been intentionally introduced in 

different water bodies throughout the whole Georgia, in different altitudes (Kuljanishvili et al 

2021). Another example is R. lindbergi (species with no aquaculture/recreational value), which 

first invaded the Kura river drainage. It is also detected in the Black Sea Basin (our yet 

unpublished data). Two other recently established NNS (G. cernua, H. lucisculus) are still 

awaiting the between basin jumping opportunities.  

NNS, if invasive, pose a significant threat to native fish populations through predation, food 

and shelter competition, habitat modifications, etc. (Gozlan et al., 2010). However, the effects 

of invasive NNS are difficult to evaluate without dedicated research and monitoring. 

Unfortunately, studies assessing such changes, threats to local ecosystems, or expected 

environmental/economic effects are completely lacking. Considering that the Prussian carp is 

not only established invasive NNS and many others have the potential to become invasive in 

the region, it is clear that urgent actions are needed to plan a working strategy regarding 

freshwater NNS.  

Geopolitical context 

In the presented assessment, we considered the basins rather than political boundaries in the 

SC region for the risk assessments. The species native to RA area that were translocated within 

the area are primarily translocation cases from Black to Caspian Sea basins. The only exception 

is S. ischchan, which is translocated from Lake Sevan, forming independent basins to lakes 

belonging to the Kura drainage in the Caspian Sea basin. At the current knowledge, the reason 

behind this directional bias is not apparent and deserves more research. Nevertheless, species 

translocations either within Georgia or between countries do not face any difficulty until now. 

Recent and almost simultaneous detection of Rhinogbius lindbergi in the Kura and Rioni rivers 

(Epitashvili et al., 2020; Japoshvili et al., 2020; own unpublished data) indicate that the 

untraced species introductions still take place. 

On the other hand, since the Kura-Aras basin is shared among all SC countries, establishing 

any invasive species in any of them means the future potential impact for all three countries. 

In addition, the Kura and Aras rivers are also shared between Turkey and SC and the Chorokhi 

river between Turkey and Western Georgia. Thus evaluation of the impact of potentially 
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invasive species (i.e. risk screening) as well as the regulations of NNS introductions must be 

agreed upon and implemented SC-wide rather than independently for each country.  

Unfortunately, SC is also a geopolitical hotspot with permanent military tensions in its different 

parts. Solely on this reason, it is hardly possible to communicate the environmental issues 

between SC countries (e.g. between Armenia and Azerbaijan) or even within the country (e.g. 

20% of Georgia is inaccessible due to Russian occupation). These long-unsolved political 

oscillations are aggravating the nature conservation problems.   

Concluding remarks and way forward 

The crucial consequence of species invasions is so-called 'biotic homogenization. It drives the 

earth's biodiversity to global homogenization and impoverishment (McKinney and Lockwood, 

1999). The freshwater environment of the SC region is particularly vulnerable due to an 

existing (and intensive) anthropogenic pressure, including water intake, legal or illegal fishing, 

gravel mining, pollution, hydropower plant development, irrigation, invasion. None of the 

listed threats have been studied or evaluated adequately (the only exception is Japoshvili et al. 

(2021) providing evidences of effects of hydropower dams on fish population connectivity). 

No agreed working strategy (either within countries or between countries) exists in SC to 

reduce or mitigate the threats on freshwater ecosystems. With this respect, we strongly 

advocate the idea that the countrywide and nationwide strategies related to freshwater NNS 

must be urgently developed and implemented. Such a strategy must adopt several overarching 

conceptual goals, including:  

1. Gap analyses and further improvement of the legal basis for species introduction related 

to aquaculture/game fisheries and pet trade. This legislation should be jointly agreed 

upon among SC countries to be effective.  

2. The early detection and communication of freshwater NNS is the process that is 

happening on its own (e.g. researchers are regularly publishing results about new 

introductions or invasive species, and citizen science platforms also regularly receive 

data from the general public on new species). However, the data and knowledge 

developing over time must be standardized, rapidly communicated and reflected among 

stakeholders. In addition, measures should be taken to enhance the data collection and 

generation from all potential sources. For instance, currently, there is no information 

about the exotic species available on the local markets. 

3. The risks assessment for new introductions of potential invasive taxa should be directed 

to species that are generally considered invasive, especially if the species are already 

found close to a region. Whenever available an existing analysis (such as presented 
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here), an in-depth study of potentially high invasive fish species (e.g. full risk 

assessments of potentially high invasive species (Copp et al., 2016)) must be conducted 

and the results adequately used by decision makers. 

4. Continuously developing an in-depth monitoring scheme (including infrastructure for 

filed data collection based on traditional field works, barcoding/metabarcoding 

approaches, data management and representation). This is a critical step to understand 

the history of NNS colonization and accompanying processes related to NNS effects, 

local community perceptions, damage/mitigation associated costs etc.  

5. Prevention of introductions (the black-list of species). Since there is a huge amount of 

data on freshwater NNS worldwide, it is just a matter of relatively limited resources to 

develop a list of potentially invasive species for SC. The control of the introduction of 

most threatening species (if not all), could be implemented then by a government. At 

least such practice exists (Battisti et. al. 2019; Gederaas et. al. 2012; Essl et. al. 2011; 

Poeta et. al. 2017) and should be discussed/adopted within SC too. 

6. Impact assessments research, including related to already established invasive taxa. 

Currently, there is no evaluation of economic/environmental costs related to freshwater 

NNS (nor for terrestrial). Therefore it is difficult to judge the negative (or any positive) 

effect of NNS on local communities and optimally manage the available resources to 

prevent/mitigate the NNS introductions.  

Thus, in this manuscript, we showed a number of established and not yet established highly 

invasive freshwater fish species in the SC region that deserves further attention from the 

stakeholders (including all the governmental institutions, scientists, and local people). A lot is 

still to be done in the SC region to handle freshwater NNS-related challenges and maintain the 

highly vulnerable biodiversity hotspot stability. We hope that the provided risk screening 

exercise could help build a solid basis for a better understanding of NN fish species in the SC 

region and open a window for future risk evaluations and NNS management planning.  
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Tables 
Table 1 Freshwater fish species evaluated with the Aquatic Species Invasiveness Screening Kit (AS-ISK) for their potential risk of invasiveness in the South 

Caucasus region  the risk assessment (RA) area. For each species, the following information is provided: criterion (Crit.) for selection (1 = translocated species; 

2 = non-native species already present in the RA area; 3 = non-native species established in neighbouring countries or countries of similar climate to the RA 

area; 4 = non-native species recorded in the RA area but currently not found in the wild); a priori categorization outcome into Non-invasive or Invasive. For 

the a priori categorization, the results of the four steps of the protocol (see text for details) are indicated: (i) FishBase (www.fishbase.org); (ii) Centre for 

Agriculture and Bioscience International Invasive Species Compendium (CABI: www.cabi.org/ISC) and Global Invasive Species Database (GISD: 

www.iucngisd.org); (iii) Invasive and Exotic Species of North America list (IESNA: www.invasive.org); (iv) Google Scholar literature search. N = no 

impact/threat; Y = impact/threat; ‘–’ = absent; n.e. = not evaluated (but present in database); n.a. = not applicable. 

   A priori categorization 

Species name Common name Crit
. 

FishBas
e 

CAB
I 

GIS
D 

IESNA Google Scholar Outcome 

Ameiurus melas black bullhead 3 Y – Y – n.a. Invasive 
Anguilla anguilla European eel 4 N – Y – n.a. Invasive 
Carassius gibelio gibel carp 2 Y – Y – n.a. Invasive 
Chelon auratus golden grey mullet 1 N – – – N Non-

invasive 
Chelon saliens leaping mullet 1 N – – – N Non-

invasive 
Clarias gariepinus North African catfish 3 Y Y Y – n.a. Invasive 
Coregonus albula vendace 2 N – Y – n.a. Invasive 
Coregonus sp.* – 2 N – – – N Non-

invasive 
Ctenopharyngodon idella grass carp 2 Y Y Y Y n.a. Invasive 
Gambusia holbrooki eastern mosquitofish 2 Y Y Y – n.a. Invasive 
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   A priori categorization 

Species name Common name Crit
. 

FishBas
e 

CAB
I 

GIS
D 

IESNA Google Scholar Outcome 

Gasterosteus aculeatus three-spined stickleback 1 N – – – N Non-

invasive 
Gobio artvinicus [Artvin gudgeon] 1 N – – – N Non-

invasive 
Gymnocephalus cernua ruffe 2 - – N – N Non-

invasive 
Hemiculter leucisculus sharpbelly 2 Y – N – n.a. Invasive 
Hypophthalmichthys molitrix silver carp 2 Y Y Y Y n.a. Invasive 
Hypophthalmichthys nobilis bighead carp 2 Y Y Y Y n.a. Invasive 
Ictalurus punctatus channel catfish 4 Y – Y – n.a. Invasive 
Lepomis gibbosus pumpkinseed 3 - – N – N Non-

invasive 
Micropterus salmoides largemouth bass 3 Y Y Y – n.a. Invasive 
Mugil cephalus flathead grey mullet 4 N – – – n.a. Non-

invasive 
Mylopharyngodon piceus black carp 4 Y – Y Y n.a. Invasive 
Oncorhynchus kisutch coho salmon 4 N – – Y n.a. Invasive 
Oncorhynchus mykiss rainbow trout 2 Y Y Y Y n.a. Invasive 
Oreochromis niloticus Nile tilapia 2 Y Y Y Y n.a. Invasive 
Perca fluviatilis Eurasian perch 1 Y Y Y – n.a. Invasive 
Pseudorasbora parva topmouth gudgeon  2 Y – Y – n.a. Invasive 
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   A priori categorization 

Species name Common name Crit
. 

FishBas
e 

CAB
I 

GIS
D 

IESNA Google Scholar Outcome 

Rhinogobius lindbergi [Lin's goby] 2 N – – – n.a. Non-

invasive 
Salmo ischchan Sevan trout 1 - – – – n.a. Non-

invasive 
Salmo trutta brown trout 2 Y Y Y Y n.a. Invasive 
Salvelinus fontinalis brook trout 3 Y Y Y – n.a. Invasive 
Sander lucioperca pikeperch 1 Y – Y – n.a. Invasive 
Syngnathus abaster black-striped pipefish 1 N – N – N Non-

invasive 

* Reference species for the a priori categorization: Coregonus lavaretus. 
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Table 2 Risk outcomes for the freshwater fish specis screened with AS-ISK for the South Caucasus region. 

For each species, the following information is provided: a priori categorization for invasiveness (N = non-

invasive; Y = invasive: see Table 1), BRA and BRA+CCA scores with corresponding risk outcomes (Out: 

L = Low; M = Medium; H = High; H* = Very high based on ad hoc thresholds: see text for details) and 

classification (Class: FN = false negative; FP = false positive; TN = true negative; TP = true positive; '–' = 

not applicable as medium-risk: see text for details), difference (Delta) between BRA+CCA and BRA scores. 

Risk outcomes for the BRA and BRA+CCA are based on the following thresholds: BRA = 18.0, 

BRA+CCA = 20.3. Risk outcomes for the BRA are computed as: Low, with score within interval [−20, 1[; 

Medium, [1, 18.0[; and High, ]18.0, 68]; and for the BRA+CCA as: Low, with score within interval [−32, 1[; 

Medium, [1, 20.3[; High, ]20.3, 80] (note the reverse bracket notation indicating in all cases an open 

interval). 

  BRA  BRA+CCA  

Species name A priori Score Ou
t 

Clas
s 

 Scor
e 

Ou
t 

Clas
s 

Delt
a 

Ameiurus melas Y 30.5 H TP   35.8 H TP 5.3 
Anguilla anguilla Y 9.3 M –   8.0 M – −1.3 
Carassius gibelio Y 44.0 H TP   55.3 H TP 11.3 
Chelon auratus N 17.0 M –   17.7 M – 0.7 
Chelon saliens N 16.0 M –   16.7 M – 0.7 
Clarias gariepinus Y 40.3 H TP   49.7 H TP 9.3 
Coregonus albula Y 11.2 M –   1.2 M – −10.

0 
Coregonus sp. N 8.7 M –   −0.7 L TN −9.3 
Ctenopharyngodon idella Y 20.7 H TP   24.7 H TP 4.0 
Gambusia holbrooki Y 34.2 H TP   42.8 H TP 8.7 
Gasterosteus aculeatus N 38.0 H FP   41.3 H FP 3.3 
Gobio artvinicus N 8.3 M –   11.7 M – 3.3 
Gymnocephalus cernua N 37.0 H FP   48.3 H FP 11.3 
Hemiculter leucisculus Y 33.5 H TP   43.5 H TP 10.0 
Hypophthalmichthys 

molitrix 
Y 22.8 H TP   28.8 H TP 6.0 

Hypophthalmichthys nobilis Y 27.2 H TP   31.2 H TP 4.0 
Ictalurus punctatus Y 25.7 H TP   35.7 H TP 10.0 
Lepomis gibbosus N 29.5 H FP   40.2 H FP 10.7 
Micropterus salmoides Y 30.2 H TP   40.2 H TP 10.0 
Mugil cephalus N 11.3 M –   14.7 M – 3.3 
Mylopharyngodon piceus Y 21.3 H TP   31.3 H TP 10.0 
Oncorhynchus kisutch Y 10.8 M –   11.5 M – 0.7 
Oncorhynchus mykiss Y 18.8 H TP   15.5 M – −3.3 
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  BRA  BRA+CCA  

Species name A priori Score Ou
t 

Clas
s 

 Scor
e 

Ou
t 

Clas
s 

Delt
a 

Oreochromis niloticus Y 31.7 H TP   41.0 H TP 9.3 
Perca fluviatilis Y 32.0 H TP   41.3 H TP 9.3 
Pseudorasbora parva Y 40.0 H TP   49.3 H TP 9.3 
Rhinogobius lindbergi N 17.2 M –   27.8 H FP 10.7 
Salmo ischchan N 16.7 M –   10.0 M – −6.7 
Salmo trutta Y 36.0 H TP   36.7 H TP 0.7 
Salvelinus fontinalis Y 21.3 H TP   20.7 H TP −0.7 
Sander lucioperca Y 43.0 H TP   46.3 H TP 3.3 
Syngnathus abaster N 16.0 M –   20.0 M – 4.0 
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Figure legends 

Figure 1 Map of the risk assessment area (South Caucasus region) and neighbouring countries. 

Figure 2 (a) Between-assessor differences in the BRA (Basic Risk Assessment) score for the 

species screened with the Aquatic Species Invasiveness Screening Kit for the Anzali Wetland 

Complex; (b) same for the BRA+CCA (Climate Change Assessment) score. See also Table 2. 
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Chapter 7: General discussion 

The Caucasus area is considered as one of the biodiversity hot spots (Mittermeier et al., 

2004; Zazanashvili et al., 2004). The place is characterized by species diversity and high 

endemism level, meaning that species presented in this area are considered as a biogeographic 

unit. As the area of high biological diversity, the detailed survey leading to the valid estimations 

of the impacts of the introductions and translocation of alien species is crucial for improving 

wildlife management. Even though the three countries, Armenia, Azerbaijan, and Georgia 

belong to the same river system, the knowledge about the freshwater species has always been 

only reviewed within the countries territories (Ibrahimov & Mustafayev, 2015; Ninua & 

Japoshvili, 2008; Pipoyan, 2012). The political situation between these countries was a 

challenge (see Welt, 2021) for the study, however, we managed to collaborate and create the 

research, that had led to a huge contribution towards understanding the impact of non-native 

species in the area on a global scale.  

The results of this dissertation revealed a few important aspects. The unified checklist 

of freshwater fish species in the area has not been published since the 1940s. Due to outdated 

information and/or data gaps in terms of taxonomy, distribution, and conservation status of 

freshwater fishes in the South Caucasus, it has become necessary to compile the most up-to-

date checklist of the region, which would serve as a baseline for future research and 

conservation of fish biodiversity in the region. The result of our primary project was the unified 

checklist of freshwater fishes of South Caucasian countries (Kuljanishvili et al. 2020a) (Chapter 

2). In this work, we have recorded 119 freshwater fish species distributed in Armenia, 

Azerbaijan and Georgia. In the freshwater fish fauna of the South Caucasus, the research done 

by us and our colleagues has revealed several new species and there has been some taxonomic 

rearrangement as well that were discussed in our paper (Kuljanishvili et al., 2020a). We 

emphasized the necessity for more morphological and genetic research to address the issues 

raised in the study.  
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Measurement of biodiversity and species conservation is an important challenge and 

has a worldwide biological importance (Williams, 2014). Recent taxonomic research done by 

Kuljanishvili et al (2020a) discovered 96 freshwater fish species in Georgia, several of which 

lacked native Georgian names. These include newly described species, first country records, 

and species that have previously been incorrectly identified. We created the list of freshwater 

fishes and their Georgian local names found in the country and explained the significance of 

local names (Kuljanishvili et al. 2020b) (Appendix 1). 

Our first step to evaluate risks of non-native species in the South Caucasian region was 

in 2018, when we were working on high altitude, glacial lakes ichthyofauna dynamics. We 

revealed two new non-native species and shortly discussed their potential impact on native 

ichthyofauna (Kuljanishvili et al., 2018) (Chapter 3). In addition to these findings, we managed 

to discover non-native species in unusual areas, such as finding Prussian carp in the northern 

Caucasian mountainous lakes (Kuljanishvili et al. 2017) (Appendix 2). This was the first record 

of this fish in the Northern Caucasus on the territory of Georgia, and we considered it as a 

potential invader in the nearby water ecosystems. Appearing of non-native species is always 

worth attention. Therefore, after the Nile tilapia’s first appearance in eastern Georgian rivers, 

we sampled the place and studied this species biological characteristics and climate tolerance 

to identify it as a future threat (Kuljanishvili et al. 2021a) (Appendix 3). Another unusual new 

appearance did not go unnoticed. We obtained some translocated black-striped pipefish in the 

freshwater reservoir (Kuljanishvili et al. 2021c) (Chapter 4). We reviewed the species identity 

using genetic and morphologic methods, we assessed the species invasiveness and modelled its 

potential establishment throughout the world.  

Kuljanishvili et al (2020) lead to an important result: The Unified checklist of the non-

native freshwater fishes in the area (Kuljanishvili et al. 2021b) (Chapter 5). The possible effects 

of non-native (alien) species on biological diversity are a major topic of concern (Vitousek et 

al. 1996; Jeschke et al. 2014). Non-native invasive species have the potential to have a 
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considerable detrimental impact on native fauna as well as socioeconomic losses in afflicted 

areas (Ricciardi 2003; Gallardo and Aldridge 2013). As a result, it is worthwhile to spend in 

preventing introductions and developing plans for the functional management of invasive alien 

species once one is imported. In this regard, one of the most important stages is to review the 

alien species lists for a specific region of interest to quickly identify, analyze, monitor, and 

mitigate non-native species. Most European and international governments have created such 

lists, and this information has been utilized to construct more effective legislation as a result 

(Manchester and Bullock 2000; Copp et al. 2005; Povž and Šumer 2005; Koščo et al. 2010; 

Mastitsky et al. 2010; Lenhardt et al. 2011; Ribeiro and Leunda 2012; Simonović et al. 2013; 

Piria et al. 2017; Musil et al., 2010). The review of the legislative framework revealed that even 

though these laws have been gradually reestablished during the last two decades, further 

development is still needed, and we suggest that they should reflect the situation.  

Last but not least, the research led to the first attempt to assess the risks of freshwater 

non-native species invasiveness in the area (Mumladze et al. 2022) (Chapter 6). The AS-ISK 

toolkit was effectively used to detect and classify freshwater non-native fish species according 

to the threats they pose in the area. We evaluated the risks of 32 non-native species in the South 

Caucasian countries. From these 32 species, 14 species are introduced; eight were translocated; 

five were recorded but did not occur at the time of writing, and five were established in 

neighbouring countries or countries of similar climate to the South Caucasus. The study 

emphasizes the importance of monitoring the introductions. It also suggests that prompt action 

is required to develop a working strategy for managing the non-native species introductions on 

a wider scale (not individually within each country). This study also reveals the overarching 

conceptual goals that must be adopted in such approach: 1) Conduction of gap studies and 

improvements to the legal basis for species introduction in aquaculture, game fisheries, and the 

pet trade are all underway. To be successful, such law should be at least mutually agreed upon 

by SC countries; 2) Detection of freshwater non-native species and fast communication (rapid 
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action). Data and information that accumulates overtime must be standardized, distributed 

quickly, and mirrored across stakeholders; 3) Risk assessment and forecasting for future 

invasive species introductions; 4) Creating a comprehensive monitoring plan; 5) Prevention of 

introductions  (black list of species). A government could perhaps set controls on the 

introduction of the most dangerous species; 6) Assessment of socio-economic and 

environmental costs caused by the non-native species.  

It should be mentioned that our research has also contributed to global collaboration 

which was dedicated to developing the risk screening tool AS-ISK that helped the calibration 

and generalized thresholds for different groups of animals under current and future climatic 

conditions (Vilizzi et al. 2021) (Appendix 4). 
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Appendix 1: Freshwater fish species diversity in Georgia (South Caucasus Region) 

and their local names 
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Appendix 2: Preliminary information about the occurrence of Prussian carp 

Carassius gibelio (Bloch 1782) in mountainous Lake Devdoraki (Caucasus, Georgia). 
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Appendix 3: Finding of nile tilapia Oreochromis niloticus (Cichliformes: Cichlidae) 

in Georgia, the South Caucasus.		
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Appendix 4: A global-scale screening of non-native aquatic organisms to identify 

potentially invasive species under current and future climate conditions.		
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