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ABSTRACT

The Freshwater Fish Invasiveness Screening Kit (FISK) v2 and Aquatic Species Invasiveness Screening Kit (AS-ISK) risk identification
screening tools were used to assess the invasiveness potential of 24 non-native (NNS) freshwater fish species in the River Neretva catchment
(Bosnia and Herzegovina and Croatia), a risk assessment (RA) area that is an important Mediterranean hotspot for fish endemism. The two
assessors assigned similar scores for the invasiveness potential of the NN fishes, and both screening tools successfully distinguished invasive
from non-invasive species. Mean calibrated threshold scores were 10.25 for FISK and 10.00 for AS-ISK, with the latter increasing to 12.62
when questions that assess the likely impact of predicted future climate conditions on the RA were taken into consideration. These relatively
low threshold values are characteristic of areas with an elevated number of translocated species and suggest that NN fishes pose a consider-
able threat to native species and ecosystems. FISK ranked 50.0–62.6% of the species as being of ‘high risk’ compared with 58.4–59.3% using
AS-ISK. The highest scores (‘very high risk’) were attributed to gibel carp Carassius gibelio (Bloch, 1782) and pikeperch Sander lucioperca
(Linnaeus, 1758). The generic screening tool for aquatic species (AS-ISK) provided similar risk rankings to its predecessor, FISK, as regards
invasiveness potential. For this reason, it is likely to be an effective tool for evaluating the potential invasion risk of NNS freshwater fishes for
other RA areas in the Balkans. Copyright © 2017 John Wiley & Sons, Ltd.
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INTRODUCTION

Hazard identification is a fundamental step in the analysis of
risks posed by non-native species, and several decision sup-
port tools have been developed for screening terrestrial (e.g.
Pheloung et al., 1999; Nentwig et al., 2009) and aquatic or-
ganisms (Copp, 2013; Copp et al., 2005, 2009, 2016a; Copp
et al., 2016b). Risk screening is especially appropriate for
risk assessment areas characterized by high endemism
and/or great biodiversity, such as the Iberian and Balkan
peninsulas (Almeida et al., 2013; Simonović et al., 2013)
and Turkey (Tarkan et al., 2014). Invasiveness risk is partic-
ularly acute for inland waters of the Mediterranean Region,
where a high level of endemism increases the likelihood of

native fish extinctions because of their restricted natural
ranges (Ribeiro and Leunda, 2012). One hotspot of Mediter-
ranean endemism is the River Neretva catchment (Dalmatia
and Herzegovina), which has 20 recognized steno-endemic
species (Glamuzina et al., 2013).
The River Neretva was once a typical salmonid river, but

since the 1960s, river regulation has created 12 artificial res-
ervoirs and a large proportion of the wetlands has been
reclaimed for agriculture (Glamuzina, 2010). This massive
habitat alteration has rendered the catchment unsuitable to
native salmonids and other native species and has facilitated
intentional introductions of non-native fishes of commercial
value (Glamuzina, 2010). The first recorded non-native fish
introduction was that of rainbow trout Oncorhynchus mykiss
(Walbaum, 1792) at the beginning of the 20th century
(Stanković et al., 2015), and subsequent introductions were
made through intentional stocking of the Hutovo Blato
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wetland (Herzegovina) with common carp Cyprinus carpio
Linnaeus, 1758 (Aganović, 1952; Kosorić, 1978). The main
source of introductions was from the River Danube Basin,
with anglers introducing various non-native fish species, ei-
ther intentionally or accidentally. Additionally, introduc-
tions have occurred through fish escapes from cage
aquaculture facilities situated in nearby reservoirs or from
small trout farms located along the Neretva’s tributaries
(Glamuzina et al., 2013).
Recent records list 24 non-native fish species for the

Neretva catchment (Glamuzina et al., 2013). Some of them
have already established self-sustaining populations, such
as pikeperch Sander lucioperca (Linnaeus, 1758), and have
exerted detrimental impacts on endemic Neretva bleak
Alburnus neretvae Buj, Šanda and Perea, 2010 (Škrijelj
and Mašović, 2001; Pavličević et al., 2016). However, most
of the potential impacts of introduced species remain un-
known, as previous research has focused mainly on the tax-
onomy and biology of endemic species (e.g. Glamuzina and
Bartulović, 2006; Glamuzina et al., 2007; Tutman et al.,
2008a, 2008b; Matić-Skoko et al., 2011). Indeed, only the
first records of non-native species in the River Neretva are
currently available (Dulčić et al., 2005; Bartulović et al.,
2011), together with a recent risk screening of non-native
fishes in Croatia (including the Adriatic Basin) and
Slovenia (Piria et al., 2016). As yet, there is no specific Cro-
atian legislation to regulate alien and invasive fish species,
except that any species translocation requires permission is-
sued by the State Institute for Nature Protection. Also, all
relevant EU directives adopted in 2013 have not yet been in-
corporated into national legislation. Similarly, Bosnia and
Herzegovina currently has no legislation with which to reg-
ulate alien and invasive fish species at any level of
government.
Risk analysis of non-native fish species in inland waters

of the Mediterranean Region and adjacent areas has so far
involved only risk identification (screening), which has
employed the Freshwater Fish Invasiveness Screening Kit
(FISK: Copp et al., 2005, 2009; Lawson et al., 2015). In
its application to the Balkans Region (Simonović et al.,
2013), a high rate of fish translocations into newly con-
structed reservoirs was reported, and this was the likely
cause of the relatively low threshold FISK score achieved
(Copp, 2013), which distinguishes between ‘medium-risk’
and ‘high-risk’ species, compared with areas with a similar
level of endemism, namely, the Iberian Peninsula (thresh-
old= 20.25: Almeida et al., 2013) and Turkey (thresh-
old= 23: Tarkan et al., 2014). In two other FISK-based
risk screenings for Croatia and Slovenia (threshold = 11.75:
Piria et al., 2016) and for Greece (threshold = 15.25:
Perdikaris et al., 2016), threshold values were also strongly
affected by the impact of fish translocated from the Danube
Basin to inland waters of the Mediterranean Region. Certain

‘exotic’ non-native fish species from more distant zoogeo-
graphic areas were categorized as posing a ‘very-high risk’,
such as Asian gibel carp Carassius gibelio (Bloch, 1782),
gin-buna Carassius langsdorfii Temminck and Schlegel,
1846, and goldfish Carassius auratus (Linnaeus, 1758), as
well as the North American ictalurids black bullhead
Ameiurus melas Rafinesque, 1820, and brown bullhead
Ameiurus nebulosus Lesueur, 1819. In addition, predatory
pikeperch and Eurasian perch Perca fluviatilis Linnaeus,
1758, translocated from the Danube Basin to inland waters
of the Mediterranean Region (i.e. Croatia, Montenegro and
Greece), were also categorized as ‘very-high risk’
(Simonović et al., 2013; Piria et al., 2016; Perdikaris
et al., 2016).
The present study aims to determine which non-native

fish species are likely to pose a high risk of being invasive
for the River Neretva catchment and for similar ecosystems
of the Adriatic and Mediterranean regions. Another objec-
tive was to compare two decision support tools (available
at www.cefas.co.uk/nns/tools/), namely, FISK v2 (Lawson
et al., 2015) and the Aquatic Species Invasiveness Screen-
ing Kit (AS-ISK: Copp et al., 2016b), which was recently
developed to replace the taxon-specific toolkits of the FISK
family (Copp, 2013). Similar to FISK v2, AS-ISK can be
applied in virtually any climatic zone. But unlike those other
‘-ISK’ tools, AS-ISK is taxonomically generic and can be
used to screen any plant or animal from any aquatic environ-
ment, that is, marine, brackish and freshwater (Copp et al.,
2016b). The outcomes of the present study are intended to
inform decision makers in their development of policy and
management strategies for non-native fishes, so as to en-
hance the protection and conservation of endemic fish
species.

MATERIALS AND METHODS

Study area

The River Neretva is 230 km long and is the largest in the
Eastern Adriatic slope. It flows through the Herzegovina re-
gion (Bosnia and Herzegovina) and then Dalmatia (Croatia)
before entering the Adriatic Sea. Nowadays, the Neretva has
been converted into a series of artificial reservoirs. These ac-
tivities have created environments suitable for introduced
species, whereas native and, especially, endemic species
can only survive in remnants of the river catchment that
have not yet been subjected to human intervention
(Figure 1).

Risk analysis

Both screening tools used in the present study, namely,
FISK v2 and AS-ISK, are adapted, enhanced variants of
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the Weed Risk Assessment tool (Pheloung et al., 1999). Ini-
tially developed and first calibrated for the UK (Copp et al.,
2005, 2009), FISK versions (initially v1, and then v2) were
later applied in, and in some cases calibrated for, other risk
assessment areas worldwide (Copp, 2013). AS-ISK com-
bines the FISK architecture and the content of the generic
screening module of the European Non-native Species in
Aquaculture Risk Analysis Scheme (Copp et al., 2016a),
which was developed for the EU Regulation on the use of
alien species in aquaculture (European Commission,
2007). Both toolkits consist of 49 questions on life history
traits, biology, ecology, biogeography and history of intro-
duction that the assessor must answer together with a justifica-
tion for the response and a level of confidence. In both
toolkits, a score below the zero value assigns a status of ‘not
likely to be invasive’, whereas positive values identify alien
species as potentially invasive and posing a ‘low’, ‘medium’
or ‘high risk’. In AS-ISK, the 49 questions represent the Basic
Risk Assessment (BRA), and these are complemented by six
additional Climate Change Assessment (CCA) questions,
which require the assessor to predict how future climatic con-
ditions are likely to affect the assessment with respect to risks
of introduction, establishment, dispersal and impact. Notably,
minimum values for FISK, AS-ISK BRA and AS-ISK CCA
scores are �15, �12 and �24, respectively, and maximum
ones are 57, 64 and 76, respectively.
Non-native fish species, including those translocated

across the west Balkans Region, were classified a priori as
either invasive or non-invasive following the Invasive

Species Specialist Group (2000) database (www.issg.org)
and FishBase (Froese and Pauly, 2015) (Table I). A priori
assignment was necessary to carry out receiver operating
characteristic (ROC) curve analysis (Bewick et al., 2004),
and the conservation status of each species was also speci-
fied after the International Union for Conservation of Nature
(IUCN). All fish species were assessed independently by the
first two authors (i.e. B.G. and P. T.).
Receiver operating characteristic analysis served to as-

sess the predictive abilities of FISK and AS-ISK to dis-
criminate between invasive and non-invasive species
(Copp et al., 2009). Statistically, a ROC curve is a graph
of sensitivity vs. 1� specificity (or, alternatively, sensitiv-
ity vs. specificity), where in the present context sensitivity
and specificity will be the proportion of invasive and non-
invasive fish species, respectively, that are correctly identi-
fied by the FISK and AS-ISK tools as such. A measure of
the accuracy of the calibration analysis is the area under
the ROC curve (AUC). If the AUC is equal to 1.0, then
the test is 100% accurate, because both sensitivity and
specificity are 1.0 and there are neither false positives
(i.e. non-invasive species categorized as invasive) nor false
negatives (i.e. invasive species categorized as non-
invasive). Conversely, if the AUC is equal to 0.5, then
the test is 0% accurate as it cannot discriminate between
true positives (i.e. actual invasive species) and true nega-
tives (i.e. actual non-invasive species). Typically, the
AUC will range between 0.5 and 1.0, and the closer the
AUC to 1.0, the better the ability of FISK and AS-ISK

Figure 1. Map of the River Neretva catchment [(1) Rama Reservoir, (2) Jablanica Reservoir, (3) Grabovica Reservoir, (4) Salakovac Reser-
voir, (5) Mostar Reservoir, (6) Hutovo Blato wetland and (7) Neretva Estuary]
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to differentiate between invasive and non-invasive species.
ROC analysis was implemented with package ‘pROC’ for
R (R Development Core Team, 2008) using the 2000 de-
fault bootstrap replicates (DeLong et al., 1988).
The best FISK and AS-ISK thresholds (for both BRA and

CCA scores), which are the cut-off values that maximize the
probability of correct classification of a species as invasive
whilst minimizing that of incorrect classification as non-
invasive, were determined using both Youden’s J statistics
(Youden, 1950) and the DeLong method (DeLong et al.,
1988). Youden’s index J captures the performance of the
ROC analysis and is calculated as

J ¼ max Sensitivity þ Specificity – 1gf
and is the probability of making an informed decision as op-
posed to a random guess. The DeLong method is an exact

means to evaluate asymptotically the uncertainty of an
AUC by determining the point closest to the top-left part of
the plot with perfect sensitivity or specificity. It is typically
faster than bootstrapping, and pROCwill choose the DeLong
method by default whenever possible. Optimality criteria for
threshold were modified as proposed by Schisterman et al.
(2005) and Perkins and Schisterman (2006).
All non-native fish species distinguished by their high

scores (i.e. greater than threshold values) as high-risk sensu
lato were further categorized as per Britton et al. (2010) into
‘moderately high-risk’ (interval [threshold value, 25]),
‘high-risk’ (interval [25, 30]) and ‘very-high risk’ (interval
[30, maximal value]). Finally, species with scores in the in-
terval [minimum value, 1] were of ‘low risk’. Notably, the
highest of the separate scores from the two assessors was
taken as the reference for the recently mentioned risk
categories.

Table I. FISK and AS-ISK scores by two assessors (B. G. and P. T.) for non-native fish species in the River Neretva catchment risk
assessment area with indication of their risk categorization (R, risk: l, low; m, medium; mh, moderately high; h, high; vh, very high),
source of introduction (NN, introduced; TL, translocation,), intention of introduction (I, illegal-unauthorized stocking; S, deliberate
stocking, S/E, stocking/escapee; U, unintentional), geographic origin (Au, Austrian fish farms; B&H, fish farms in Bosnia and
Herzegovina; Dc, Danube catchment; NAm, North America), a priori invasiveness from FishBase (www.fishbase.org: I, invasive; N-I,
non-invasive) and IUCN status (as per www.iucnredlist.org: DD, Data Deficient, LC, Least Concern, NE, Not Evaluated; NT, Near Threat-
ened, VU, Vulnerable)

Species Type Intention Origin Invasiveness IUCN

FISK

AS-ISK

BRA scores CCA scores

B. G. P. T. R B.G. P. T. R B.G. P. T. R

Abramis brama TL U Dc N-I LC 11 10 mh 15 16 mh 27 26 h
Ameiurus melas NN U NAm I LC 14 18 mh 10.5 13 mh 16.5 13 mh
Ameiurus nebulosus NN U NAm I LC 20 20 mh 8 14 mh 20 24 mh
Carassius gibelio NN S B&H I LC 28 33 vh 31 26 vh 39 38 vh
Coregonus peled TL I Au N-I LC 3.5 5 m –1.5 8.5 m –1.5 –3.5 l
Ctenopharyngodon idella NN S B&H N-I NE 12.5 13 mh 10 7.5 mh 14 11.5 mh
Cyprinus carpio TL S B&H I VU 16 18 mh 17.5 15 mh 29.5 27 h
Esox lucius TL I Dc N-I LC 2 0.5 m 13 12 mh 23 24 mh
Gambusia holbrooki NN S NAm I LC 15 16 mh 18 19 mh 30 29 vh
Gymnocephalus cernuus TL U Dc I LC 10.5 7.5 mh 16 13 mh 14 13 mh
Hypophthalmichthys molitrix NN S B&H I NT 5 5 m –4 –9 l –6 –11 l
Hypophthalmichthys nobilis NN S B&H I DD 2 2 m 1.5 –4.5 m –4.5 –8.5 l
Lepomis gibbosus NN U NAm I LC 15 15 mh 26 26 h 38 38 vh
Leucaspius delineatus TL I Dc N-I LC 3 3 m 16 0 mh 4 4 m
Oncorhynchus mykiss NN S B&H I NE 17 20 mh 8 16 mh 12 4 m
Perca fluviatilis TL U Dc I LC 13 15 mh 9.5 15.5 mh 17.5 15.5 mh
Pseudorasbora parva NN U Dc I LC 8 6.5 m 15 8 mh 19 20 mh
Rhodeus sericeus TL U Dc N-I LC –3 0 l –1.5 –5 l –5.5 –9 l
Salvelinus alpinus TL S/E B&H N-I LC 11 8 mh 2 1 m 2 3 m
Salvelinus fontinalis TL S/E B&H I NE 13 15 mh 6.5 4 m 0.5 0 l
Sander lucioperca TL I Dc N-I LC 27 24 h 23 33 vh 33 31 vh
Silurus glanis TL I Dc N-I LC 16 17 mh 15 14.5 mh 23 24.5 mh
Thymallus thymallus TL S Dc N-I LC –0.5 0 l –4.5 0.5 l –12.5 –11.5 l
Tinca tinca TL S Dc I LC 13 14 mh 11 12 mh 19 16 mh

FISK, Freshwater Fish Invasiveness Screening Kit; AS-ISK, Aquatic Species Invasiveness Screening Kit; IUCN, International Union for Conservation of Na-
ture; BRA, Basic Risk Assessment; CCA, Climate Change Assessment.
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As each response in FISK for a given species is allocated
a certainty score (1= very uncertain; 2=mostly uncertain;
3=mostly certain; 4 =very certain), the ‘certainty factor’
(CF) was computed as

CF ¼ ∑ CQið Þ= 4•xð Þ i ¼ 1; xð Þ
where CQi is the certainty for question i, 4 is the maxi-
mum achievable value for certainty (i.e. ‘very certain’)
and x is the total number of questions composing the FISK
(49) and AS-ISK (55) tools. The CF therefore ranges from
a minimum of 0.25 (i.e. all questions with certainty score
equal to 1) to a maximum of 1 (i.e. all questions with cer-
tainty score equal to 4).
Analysis of variance was used to determine the statistical

difference between scores (FISK, BRA and CCA) for each
of the two assessors. The likelihood ratio test (Sokal and
Rohlf, 1981) was used to examine contingency tables con-
taining the proportion of fish species categorized as invasive
by the two assessors using both risk screening tools and the

corresponding scoring system, whilst taking into account
also their IUCN status. Analysis was implemented with the
package ‘Deducer’ for R (McDonald, 2014).

RESULTS

For FISK assessments, the AUCs for ROC curves from as-
sessments by B.G. and P. T. (Figure 2) were 0.736
(0.512–0.959, 95% confidence interval) and 0.703 (0.461–
0.946), respectively. For AS-ISK assessments, the AUCs
for the ROC curves from assessments by B.G. and P. T.
(Figure 2) were 0.711 (0.480–0.941) and 0.611 (0.364–
0.857) for the BRA scores and 0.582 (0.332–0.832) and
0.607 (0.363–0.851) for the CCA scores, respectively. All
AUC values indicated that both FISK and AS-ISK reliably
distinguished non-invasive from invasive fish species. The
threshold values from FISK (B.G. = 12.75; P. T. = 7.75)
and those from AS-ISK (B.G. = 9.75; P. T. = 10.25) for the
BRA scores and CCA scores (B.G. = 13; P. T. = 12.25) dis-
tinguished between ‘medium-risk’ (i.e. with scores in the

Figure 2. Receiver operating characteristic curves (solid black line) for 24 non-native freshwater fish species assessed by B.G. (left) and P. T.
(right) using the Freshwater Fish Invasiveness Screening Kit v2 (top), Aquatic Species Invasiveness Screening Kit Basic Risk Assessment
(middle) and Aquatic Species Invasiveness Screening Kit Climate Change Assessment (bottom), for the River Neretva catchment. Smoothing

line (dashed) and confidence intervals (grey area) of specificities are provided
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interval [1, threshold value]) and ‘high-risk’ sensu lato spe-
cies (i.e. with scores in the interval [threshold value, maxi-
mum value]); Figure 3).
There were no statistical differences between scores from

B.G. and P. T. for both FISK and AS-ISK (mean FISKB. G.

= 12.2�1.50 SE vs. mean FISKP. T. = 14.0�1.95: df = 46,
t=0.168, p>0.05; mean BRAB. G. = 10.9�1.90 vs. mean
BRAP. T. = 10.7� 2.10: df = 46, t=0.074, p> 0.05; mean
CCAB. G. = 14.6�3.00 vs. mean CCAP. T. = 13.3�3.14:
df = 46, t=0.316, p> 0.05). Also, FISK and AS-ISK re-
sulted in highest scores for S. lucioperca and C. gibelio
(Table I).

Based on all fish species IUCN status (Table I), the com-
parison between the two screening tools revealed that the
number of fish in the risk categories of both assessors was
not statistically different (tFISK=�0.0015, df = 7.987,
p> 0.05; tBRA=�0.0142, df = 7.868, p>0.05; and
tCCA=0.2236, df = 5.568, p>0.0.5). The similarity in the
assessor evaluations was confirmed by likelihood ratio test
(G-test: GFISK = 3.331, df = 8, p> 0.05; GBRA=0.586,
df = 8, p>0.05; and GCCA=0.171, df = 12, p>0.05).
Given the lack of statistical differences between the two

assessors across the two screening tools and three types of
scores, the mean threshold scores of 10.25 for FISK and of
10.00 and 12.62 for AS-ISK BRA and CCA, respectively,
will be used hereafter (Table II). Accordingly, for FISK
‘low-risk’ species were those within the score interval
[�15, 1], ‘medium-risk’ within [1, 10.25] and ‘high-risk’
sensu lato within [10.25, 57]. For the AS-ISK BRA, ‘low-
risk’ species were those within [�12, 1], ‘medium-risk’
within [1, 10] and ‘high-risk’ sensu lato within [10, 64].
For the AS-ISK CCA, the distinctions were [�24, 1], [1,
12.62] and [12.62, 76].
Overall mean certainties for the FISK assessments by B.

G. and P. T. were 3.7�0.02 SE and 3.3� 0.06, respec-
tively, and mean CF was 0.91�0.01 and 0.83� 0.02, re-
spectively (Table III). The latter ranged from a minimum
of 2.6 (CF: 0.65) for Coregonus peled (Gmelin, 1789) to a
maximum of 3.8 (CF: 0.94–0.95) for A.melas,
Gymnocephalus cernua (Linnaeus, 1758), Lepomis
gibbosus (Linnaeus, 1758), P.fluviatilis and Thymallus
thymallus (Linnaeus, 1758). Mean certainties in the AS-
ISK assessments of B.G. and P. T. in response for all spe-
cies were 3.4� 0.02 SE and 3.2� 0.05 SE, respectively,
and mean CF 0.84� 0.01 SE and 0.81� 0.01 SE, respec-
tively (Table III). The latter ranged from a minimum of
2.8 (CF: 0.69–0.70) for C. peled, P. fluviatilis and Salvelinus
alpinus (Linnaeus, 1758) to a maximum of 3.7 (CF: 0.92)
for C. gibelio.

DISCUSSION

Overall, FISK and AS-ISK provided virtually identical
threshold values to distinguish species likely to pose a high
risk of being invasive from those likely to be of low-to-
medium risk in the River Neretva catchment. The mean cal-
ibrated FISK threshold score for the Neretva of 10.25 is
close to that of 9.5 for the southern Balkan countries of
Serbia, Montenegro, FYROM and Bulgaria (Simonović
et al., 2013) and of that of 11.75 for the northern Balkan
countries of Croatia and Slovenia (Piria et al., 2016). The
similarity in these threshold scores suggests that a relatively
low threshold between low-to-medium and high-risk species
is characteristic for the Balkans Peninsula, which has been

Figure 3. Mean scores (�SE) for the 24 non-native freshwater fish
species from the River Neretva catchment assessed by B.G. and
P. T. using Aquatic Species Invasiveness Screening Kit [Basic Risk
Assessment (BRA) and Climate Change Assessment (CCA)] and
Freshwater Fish Invasiveness Screening Kit (FISK), according to

their a priori invasiveness and conservation status
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subjected to an elevated number of translocations. In both
cases, many of the species ranked as ‘high risk’ have been
translocated within these countries (i.e. 44% or 19 out of
43 for the southern Balkans and 30% or 12 out of 40 for
the northern Balkans), even though they are not considered
invasive at a broader geographic scale (Simonović et al.,
2013; Piria et al., 2016). Also, translocations from the
Danube Basin represent ≈42% (10 out of 24) of introduc-
tions to the River Neretva catchment. Several fish species
that have successfully established have not been widely in-
troduced, established or invasive on a broader geographical
scale. This is especially true for semi-closed artificial water
bodies (e.g. Jablaničko, Ramsko and Svitava reservoirs),
which seem to limit further species dispersal. On the con-
trary, the high threshold score of 20.25 reported for the Ibe-
rian Peninsula has been attributed to a particularly low
proportion of translocated species (18.0% or 16 out of 89:
Almeida et al., 2013), which is also consistent with findings
for Turkey (14.29% or 5 out of 35: Tarkan et al., 2014). The
present results contrast FISK calibrations from outside the
Mediterranean Region, that is, southern Finland (22.5:
Puntila et al., 2013), England and Wales (18.9: Copp
et al., 2009), and southern Japan (19.8: Onikura et al.,
2012), whereas the similarly low threshold score from Flor-
ida of 10.25 was not due to translocations but rather because
many of the established, high-risk fishes in that region are
not widely introduced, established or invasive on a broader
geographical scale (Lawson et al., 2015).
Ten of the introduced NN fish species assessed in the

present study originate from Asia and North America,
mainly through aquaculture [e.g. Ctenopharyngodon idella
(Valenciennes, 1844) and O.mykiss] but also via the orna-
mental and aquarium trade (e.g. C. auratus and L. gibbosus).
However, most of these species originate from other parts of
Europe, having been introduced during different stocking
and aquaculture practices over the last 100 years (Dulčić

et al., 2005; Bartulović et al., 2011). Despite massive stock-
ings that involved Cy. carpio and O.mykiss for commercial
or recreational fishery purposes within the River Neretva
catchment, some other species have been more successful
in adapting to local conditions, that is, A. nebulosus, C.
gibelio, Gambusia holbrooki Girard, 1859, L. gibbosus, S.
lucioperca and Tinca tinca (Linnaeus, 1758), as well as Esox
lucius Linnaeus, 1758, and sunbleak Leucaspius delineatus
(Heckel, 1853).
Carassius gibelio, which scored the highest amongst the

species assessed, has already been categorized as highly in-
vasive both in nearby regions (Almeida et al., 2013;
Simonović et al., 2013; Tarkan et al., 2014; Piria et al.,
2016) and elsewhere across Europe (Mastitsky et al.,
2010). Carassius gibelio is known for its capability to clone
itself via gynogenetic reproduction (e.g. Gui and Zhou,
2010). This feature, together with the species’ ability to
adapt to a wide range of environmental conditions and exert
strong competition for food resources (Simonović et al.,
2013; Piria et al., 2016), has allowed rapid invasion of
new areas with considerable environmental impacts (Savini
et al., 2010), especially in the Mediterranean Region
(Crivelli, 1995; Kottelat, 1997). The second highest-scoring
translocated species was S. lucioperca, which is widely dis-
tributed in reservoirs of the Neretva catchment and has been
responsible for detrimental impacts on endemic Al. neretvae
(Škrijelj and Mašović, 2001; Pavličević et al., 2016). How-
ever, the success of S. lucioperca colonization and its im-
pacts in the 30 years since translocation vary amongst
natural and artificial water bodies, with the species being
most abundant in warm and shallow reservoirs (Pavličević
et al., 2016).
Other species of ‘high risk’ in the present study, namely,

A.melas, A. nebulosus, Cy. carpio and Pseudorasbora parva
(Temminck and Schlegel, 1846), have been widely intro-
duced worldwide and ranked as ‘very-high risk’ for other

Table II. Distribution of non-native fish species from the River Neretva catchment in the corresponding risk categories

Category

FISK scores

AS-ISK

BRA scores CCA scores

B. G. P. T. B. G. P. T. B. G. P. T.

n % n % n % n % n % n %

‘Low risk’ 2 8.3 3 12.5 4 16.7 5 20.8 5 20.8 5 20.8
‘Medium risk’ 10 41.7 6 25.0 6 25.0 5 20.8 4 16.7 5 20.8
‘High risk’ ‘Moderately’ 10 41.7 13 54.2 12 50.0 11 46.8 9 37.5 8 33.3

‘High’ 2 8.3 1 4.2 1 4.2 2 8.3 3 12.5 3 12.5
‘Very high’ 0 0.0 1 4.2 1 4.2 1 4.2 3 12.5 3 12.5

The number (n) and proportion (%) are provided as assessed using the FISK and AS-ISK screening tools by two assessors (B. G. and P. T.).
FISK, Freshwater Fish Invasiveness Screening Kit; AS-ISK, Aquatic Species Invasiveness Screening Kit; BRA, Basic Risk Assessment; CCA, Climate Change
Assessment.
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parts of the Mediterranean Region (Almeida et al., 2013;
Simonović et al., 2013; Tarkan et al., 2014; Piria et al.,
2016). Of the 12–15 species ranked as being of ‘high risk’
in the present study, 11 (73%) have established viable popula-
tions in the Neretva catchment, whereas some of the ‘medium-
risk’ species [i.e. Ct. idella, G.cernua, Hypophthalmichthys
molitrix (Valenciennes, 1844), Hypophthalmichthys nobilis
(Richardson, 1845)] have failed to do so.
Based on the AS-ISK BRA scores from both assessors

(Figure 3), all fish species in the Vulnerable and Least con-
cern IUCN categories were ranked as posing a ‘high risk’ of
being invasive (Figure 3). However, FISK also revealed that
species in the Not evaluated conservation status were cate-
gorized as either non-invasive (i.e. Ct. idella) or invasive
[i.e. O.mykiss and Salvelinus fontinalis (Mitchill, 1814)],
with the latter posing a ‘moderately high risk’. Discrepan-
cies of this type can occur, such as with species that are
threatened in their native range but invasive where intro-
duced. Two examples are Carassius carassius (Linnaeus,
1758) and Le. delineatus, which are both threatened in their
native ranges but are either potentially invasive or invasive,

respectively, outside their native ranges (Pinder and Gozlan,
2004; Tarkan et al., 2016).
The CCA scores in AS-ISK increased the BRA ranking of

many ‘high-risk’ species to the next higher risk category.
For example, C. gibelio, L. gibbosus and S. lucioperca all in-
creased from ‘high risk’ to ‘very high risk’, whereas
Abramis brama (Linnaeus, 1758), Cy. carpio, Ga. holbrooki
and Silurus glanis Linnaeus, 1758, increased from ‘moder-
ately high’ to ‘high risk’. In contrast, the CCA scores of cer-
tain ‘cold-water’ species (e.g. S. fontinalis and T. thymallus)
remained at ‘low risk’ (hence, similar to their BRA out-
comes), although in some cases increased slightly (Table I).
Overall, these findings will allow decision makers to con-
sider both current and predicted future risks posed by non-
native species.
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Table III. Certainties (M, mean; SE, standard error) and CF in FISK and AS-ISK assessments for the non-native fish species of the River
Neretva catchment

Screening tool
FISK AS-ISK

Assessors B.G. P. T. B. G. P. T.

Non-indigenous species CF
Certainty

CF
Certainty

CF
Certainty

CF
Certainty

M� SE M� SE M� SE M� SE

Abramis brama 0.91 3.6� 0.06 0.82 3.3� 0.13 0.83 3.3� 0.09 0.75 3.0� 0.14
Ameiurus melas 0.95 3.8� 0.05 0.81 3.2� 0.13 0.88 3.5� 0.07 0.80 3.2� 0.12
Ameiurus nebulosus 0.92 3.7� 0.06 0.88 3.5� 0.08 0.89 3.5� 0.07 0.84 3.3� 0.10
Carassius gibelio 0.92 3.7� 0.08 0.89 3.6� 0.12 0.92 3.7� 0.08 0.85 3.4� 0.11
Coregonus peled 0.94 3.8� 0.06 0.65 2.6� 0.13 0.82 3.3� 0.09 0.69 2.8� 0.13
Ctenopharyngodon idella 0.92 3.7� 0.08 0.90 3.6� 0.08 0.83 3.3� 0.10 0.90 3.6� 0.08
Cyprinus carpio 0.86 3.4� 0.08 0.88 3.5� 0.10 0.86 3.5� 0.08 0.84 3.4� 0.12
Esox lucius 0.92 3.7� 0.06 0.85 3.4� 0.10 0.83 3.3� 0.09 0.81 3.3� 0.11
Gambusia holbrokii 0.89 3.6� 0.09 0.91 3.6� 0.0 8 0.82 3.3� 0.11 0.85 3.4� 0.13
Gymnocephalus cernuus 0.96 3.8� 0.05 0.87 3.5� 0.10 0.83 3.3� 0.10 0.79 3.1� 0.15
Hypophthalmichthys molitrix 0.94 3.8� 0.06 0.84 3.3� 0.10 0.83 3.3� 0.09 0.81 3.3� 0.11
Hypophthalmichthys nobilis 0.93 3.7� 0.07 0.88 3.5� 00.8 0.84 3.3� 0.08 0.83 3.3� 0.10
Lepomis gibbosus 0.93 3.7� 0.08 0.95 3.8� 0.07 0.83 3.3� 0.10 0.90 3.6� 0.10
Leucaspius delineatus 0.93 3.7� 0.07 0.74 3.0� 0. 12 0.80 3.2� 0.09 0.75 3.0� 0.13
Oncorhynchus mykiss 0.86 3.5� 0.09 0.87 3.4� 0.11 0.87 3.5� 0.08 0.80 3.2� 0.11
Perca fluviatilis 0.94 3.8� 0.06 0.74 3.0� 0.14 0.84 3.3� 0.09 0.70 2.8� 0.14
Pseudorasbora parva 0.88 3.5� 0.07 0.85 3.4� 0.10 0.80 3.2� 0.09 0.83 3.3� 0.12
Rhodeus amarus 0.87 3.5� 0.07 0.76 3.0� 0.12 0.80 3.2� 0.10 0.75 3.0� 0.11
Salvelinus alpinus 0.93 3.7� 0.06 0.66 2.7� 0.17 0.80 3.2� 0.09 0.70 2.8� 0.16
Salvelinus fontinalis 0.90 3.6� 0.07 0.73 2.9� 0.17 0.82 3.3� 0.09 0.81 3.2� 0.12
Sander lucioperca 0.89 3.6� 0.09 0.91 3.6� 0.10 0.88 3.5� 0.09 0.85 3.4� 0.12
Silurus glanis 0.89 3.7� 0.07 0.80 3.2� 0.13 0.85 3.4� 0.10 0.81 3.2� 0.11
Thymallus thymallus 0.94 3.8� 0.06 0.74 3.0� 0.16 0.85 3.4� 0.08 0.83 3.3� 0.11
Tinca tinca 0.89 3.6� 0.08 0.87 3.5� 0.11 0.84 3.3� 0.09 0.83 3.3� 0.12
M 0.91 3.7 0.83 3.3 0.84 3.4 0.81 3.2
SE 0.01 0.02 0.02 0.06 0.01 0.02 0.01 0.05

CF, confidence factors; FISK, Freshwater Fish Invasiveness Screening Kit; AS-ISK, Aquatic Species Invasiveness Screening Kit.
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