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Background. The ‘Lessepsian migration’ is a unidirectional phenomenon of successful biotic colonisation from 
the Red Sea into the eastern Mediterranean Sea via the Suez Canal. In this study, 45 Lessepsian marine fish species 
were screened for their potential invasiveness in the south-western coasts of Anatolia (Muğla region, Turkey), 
with the aim to inform policy makers on proper management and control measures. 
Materials and methods. Species were screened with the Aquatic Species Invasiveness Screening Kit (AS-ISK) 
for their potential invasiveness in the south-western coasts of Anatolia—the Risk Assessment (RA) area. Receiver 
Operating Characteristic (ROC) analysis was used to assess the predictive ability of AS-ISK to discriminate 
between the Lessepsian fish species posing a high risk and those posing a medium risk of being invasive for the 
RA area. The following species were studied: Alepes djedaba, Apogonichthyoides pharaonis, Atherinomorus 
forskalii, Bregmaceros nectabanus, Callionymus filamentosus, Champsodon nudivittis, Champsodon vorax, 
Cynoglossus sinusarabici, Dussumieria elopsoides, Equulites klunzingeri, Etrumeus golanii, Fistularia 
commersonii, Hemiramphus far, Herklotsichthys punctatus, Jaydia queketti, Jaydia smithi, Lagocephalus 
guentheri, Lagocephalus sceleratus, Lagocephalus spadiceus, Lagocephalus suezensis, Liza carinata, Nemipterus 
randalli, Ostorhinchus fasciatus, Oxyurichthys petersii, Parupeneus forsskali, Pelates quadrilineatus, Pempheris 
rhomboidea, Pomadasys stridens, Pteragogus pelycus, Pterois miles, Rachycentron canadum, Sargocentron 
rubrum, Saurida lessepsianus, Scomberomorus commerson, Siganus luridus, Siganus rivulatus, Sillago suezensis, 
Sphyraena chrysotaenia, Sphyraena flavicauda, Stephanolepis diaspros, Torquigener flavimaculosus, Trachurus 
indicus, Upeneus moluccensis, Upeneus pori, Vanderhorstia mertensi. 
Results. BRA and BRA + CCA thresholds of 18.5 and 29.5, respectively, were identified that reliably distinguished 
between potentially invasive (high risk) and potentially non-invasive (medium or low risk) species. Based on both 
thresholds, 14 species were categorised as high risk (amongst which devil firefish, Pterois miles, was the highest- 
scoring one), 28 as medium risk, and one as low risk. The CCA resulted in an increase from the BRA score for 42 
(93.3%) of the screened species, and 12 of these achieved the highest possible (positive) change in BRA + CCA 
score of 12 points. 
Conclusion. The thresholds set in the presently reported study for risk of invasiveness of the Lessepsian fishes 
under study in the south-western coasts of Anatolia can be transferred to other AS-ISK based applications in 
other RA areas in case of small sample sizes. The outcomes of this study will be of use to fish biologists, fisheries 
scientists and environmental managers/stakeholders in a joint effort to ensure better conservation and management 
actions with regard to the role of Lessepsian fishes in the RA area. 
Keywords: Pterois miles, Muğla coasts, AS-ISK, Suez Canal, global warming 

 
INTRODUCTION 

The Mediterranean Sea is an important biodiversity 
hotspot that has been increasingly subject to multiple 
anthropogenic threats including overfishing, non-native 
species invasions, and climate change (Kletou et al. 2016). 
Also, rise in seawater temperatures, compounded with the 
establishment and spread of non-native (invasive) species, 

has caused community shifts and tropicalisation (Lejeusne et 
al. 2010, Montefalcone et al. 2015). Currently, it is estimated 
that nearly 1000 non-native aquatic species (Zenetos 2017, 
Zenetos et al. 2017), the majority of which thermophilic, 
have entered the eastern basin of the Mediterranean Sea 
through the Suez Canal (Katsenevakis et al. 2014), and this 
trend is expected to increase in the future (Galil et al. 2015). 
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The ‘Lessepsian  migration’,  which  has  been 
defined as a unidirectional phenomenon of successful 
biotic colonisation from the Red Sea into the eastern 
Mediterranean Sea via the Suez Canal (Por 1978), is an on- 
going process responsible for both positive and negative 
effects on the marine ecosystem  (Farrag  et  al.  2016). 
In total, 165 non-indigenous marine fish species have 
been reported for the entire Mediterranean Sea as having 
entered from both the Red Sea (via the Suez Canal) and the 
Atlantic Ocean (via the Strait of Gibraltar) (Anonymous 
2017). More than half of these species (n = 85) have so 
far been recorded from Turkey, and 45 of them currently 
occur along the coasts of south-western Anatolia (Muğla 
Province) (Bilge et al. 2017, Filiz et al. 2017a). Of the 85 
non-indigenous marine fish species (51 families in total), 
75 are of Indo-Pacific, nine of Tropical Atlantic and one 
of Boreal Atlantic origin (Filiz et al. 2017a). As a matter 
of additional concern, some Lessepsian fish species can be 
poisonous and have traumatogenic, especially neurotoxic 
(e.g., devil firefish, Pterois miles*; dusky spinefoot, 
Siganus luridus; marbled spinefoot, Siganus rivulatus; 
yellow spotted puffer, Torquigener flavimaculosus) and 
histamine-related (e.g., narrow-barred Spanish mackerel, 
Scomberomorus commerson) effects on humans. 

The aim of this study was to determine the potential 
invasiveness of Lessepsian fishes in the south-western 
coasts of Anatolia (Muğla Province, Turkey) and to 
assess whether predicted global warming  conditions  
may enhance further their dispersal. For this purpose, a 
recently-developed, generic risk screening tool for aquatic 
species was employed to provide a preliminary evaluation 
of the Lessepsian fishes that may cause ecological and 
economic impacts in the study area. It is anticipated that 
the presently reported findings will provide a first step 
towards the successful management of the potentially 
invasive Lessepsian fish species in the south-western 
coasts of Anatolia, hence pose a threat to the native 
marine ecosystems. This knowledge is essential for the 
management and conservation of the local native marine 
fish faunas and related fisheries. 

 
MATERIAL AND METHODS 
Risk screening. In total, 45 Lessepsian fish species 
recorded from the south-western coasts of Anatolia 
(Table 1), hereafter the Risk Assessment (RA) area, were 
screened for their potential invasiveness. The following 
species  were  studied:  Alepes  djedaba  (Forsskål, 
1775); Apogonichthyoides pharaonis (Bellotti, 1874); 
Atherinomorus forskalii (Rüppell, 1838); Bregmaceros 
nectabanus Whitley, 1941; Callionymus filamentosus 
Valenciennes, 1837; Champsodon nudivittis (Ogilby, 
1895); Champsodon vorax Günther, 1867; Cynoglossus 
sinusarabici (Chabanaud, 1931); Dussumieria elopsoides 
Bleeker, 1849; Equulites klunzingeri (Steindachner, 1898); 
Etrumeus golanii DiBattista, Randall et Bowen, 2012; 

Fistularia commersonii Rüppell, 1838; Hemiramphus  
far (Forsskål, 1775); Herklotsichthys punctatus (Rüppell, 
1837); Jaydia queketti (Gilchrist, 1903); Jaydia smithi 
Kotthaus, 1970; Lagocephalus guentheri Miranda 
Ribeiro, 1915;  Lagocephalus  sceleratus  (Gmelin, 
1789); Lagocephalus spadiceus (Richardson, 1845); 
Lagocephalus suezensis Clark et Gohar, 1953; Liza 
carinata (Valenciennes, 1836); Nemipterus randalli 
Russell, 1986; Ostorhinchus fasciatus (White, 1790); 
Oxyurichthys petersii (Klunzinger, 1871); Parupeneus 
forsskali (Fourmanoir et Guézé, 1976); Pelates 
quadrilineatus (Bloch, 1790); Pempheris rhomboidea 
Kossmann et Räuber, 1877; Pomadasys stridens 
(Forsskål, 1775); Pteragogus pelycus Randall, 1981; 
Pterois miles (Bennett, 1828); Rachycentron canadum 
(Linnaeus, 1766); Sargocentron rubrum (Forsskål, 1775); 
Saurida lessepsianus Russell, Golani et Tikochinski, 
2015; Scomberomorus commerson (Lacepède, 1800); 
Siganus luridus (Rüppell, 1829); Siganus rivulatus 
Forsskål et Niebuhr, 1775; Sillago suezensis Golani, 
Fricke et Tikochinski, 2013; Sphyraena chrysotaenia 
Klunzinger, 1884; Sphyraena flavicauda Rüppell, 1838; 
Stephanolepis diaspros Fraser-Brunner, 1940; Torquigener 
flavimaculosus Hardy et Randall, 1983; Trachurus indicus 
Nekrasov, 1966; Upeneus moluccensis (Bleeker, 1855); 
Upeneus pori Ben-Tuvia et Golani, 1989; Vanderhorstia 
mertensi Klausewitz, 1974. Notably, the species assessed, 
despite having been often recorded in the RA area, are 
not yet naturalised therein. Following  previous  AS-  
ISK  applications  on  fishes  (Glamuzina  et  al.  2017,  
Li et al. 2017, Tarkan et al. 2017a, 2017b), to achieve an 
objective a priori categorisation of the species assessed  
in terms of their perceived invasiveness (i.e., invasive or 
non-invasive), which is a requirement for ROC analysis 
(see Statistical analysis), each species’ categorisation was 
initially derived from two independent sources, namely 
the Invasive Species Specialist Group database (ISSG**) 
and FishBase (Froese and Pauly 2018). However, the 
initial classification was regarded as unsatisfactory for  
the purposes of the presently reported study as all the 
Lessepsian fishes assessed are currently listed in FishBase 
or ISSG either as ‘harmless’ (hence, carrying no risk of 
invasiveness) or ‘not yet evaluated’, and none of them   
is included in the Global Invasiveness Species Database 
(GISD***). For this reason, a priori classification was 
carried out by the first three authors, based on records in 
the available documentation for the RA area (Tuncer et al. 
2008, Aydın 2011, Uyan et al. 2016, Filiz et al. 2017c). 

The   Aquatic   Species    Invasiveness    Screening 
Kit (AS-ISK v1****) (Copp et al. 2016) was used to 
identify potentially invasive species with respect to the 
RA area. AS-ISK includes the generic screening module 
of the European Non-native Species in Aquaculture Risk 
Analysis Scheme (ENSARS) (Copp et al. 2016), whilst 
incorporating the ‘minimum requirements’ (Roy et al. 

 
 

* All names (with the authority of the year) of fishes covered by this study are listed in Materials and methods. 
** http://www.issg.org. 
*** http://www.iucngisd.org/gisd/. 
**** Available for free download at https://www.cefas.co.uk/nns/tools/. 
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Table 1 
Non-native Lessepsian fish species assessed with the Aquatic Species Invasiveness Screening Kit (AS-ISK) for the Muğla coasts of Anatolia (Turkey) 

 

BRA BRA + CCA CL CF 
Species name Common name Inv. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table continues on next page. 
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 Score Outcome Score Outcome Delta Total BRA CCA Total BRA CCA 
Alepes djedaba shrimp scad Y 14.5 Medium 20.5 Medium 6.0 2.51 2.53 2.33 0.63 0.63 0.58 
Apogonichthyoides pharaonis ‘kardinal balığı’ Y 4.0 Medium 10.0 Medium 6.0 1.96 2.08 1.00 0.49 0.52 0.25 
Atherinomorus forskalii Red Sea hardyhead silverside Y 10.5 Medium 18.5 Medium 8.0 2.16 2.18 2.00 0.54 0.55 0.50 
Bregmaceros nectabanus smallscale codlet N 12.0 Medium 14.0 Medium 2.0 2.56 2.49 3.17 0.64 0.62 0.79 
Callionymus filamentosus blotchfin dragonet Y 12.5 Medium 12.5 Medium 0.0 2.13 2.22 1.33 0.53 0.56 0.33 
Champsodon nudivittis nakedband gaper N 12.5 Medium 14.5 Medium 2.0 2.16 2.18 2.00 0.54 0.55 0.50 
Champsodon vorax Indo-Pacific gaper N 14.5 Medium 20.5 Medium 6.0 2.07 2.02 2.50 0.52 0.51 0.63 
Cynoglossus sinusarabici tonguesole N 9.5 Medium 11.5 Medium 2.0 2.15 2.20 1.67 0.54 0.55 0.42 
Dussumieria elopsoides slender rainbow sardine N 8.5 Medium 14.5 Medium 6.0 2.07 2.18 1.17 0.52 0.55 0.29 
Equulites klunzingeri Klunzinger’sponyfish N 5.0 Medium 11.0 Medium 6.0 1.71 1.80 1.00 0.43 0.45 0.25 
Etrumeus golanii red-eye round herring N 9.5 Medium 15.5 Medium 6.0 2.20 2.29 1.50 0.55 0.57 0.38 
Fistularia commersonii bluespotted cornetfish Y 39.5 High 51.5 High 12.0 2.96 2.96 3.00 0.74 0.74 0.75 
Hemiramphus far black-barred halfbeak N 3.0 Medium 9.0 Medium 6.0 1.49 1.51 1.33 0.37 0.38 0.33 
Herklotsichthys punctatus spotback herring N 8.5 Medium 12.5 Medium 4.0 2.24 2.31 1.67 0.56 0.58 0.42 
Jaydia queketti spotfin cardinal N 10.0 Medium 16.0 Medium 6.0 2.00 2.10 1.17 0.50 0.53 0.29 
Jaydia smithi Smith’s cardinalfish N 13.5 Medium 19.5 Medium 6.0 2.35 2.29 2.83 0.59 0.57 0.71 
Lagocephalus guentheri diamondback puffer Y 28.0 High 40.0 High 12.0 3.15 3.14 3.17 0.79 0.79 0.79 
Lagocephalus sceleratus silver-cheeked toadfish Y 40.0 High 52.0 High 12.0 3.18 3.18 3.17 0.80 0.80 0.79 
Lagocephalus spadiceus half-smooth golden pufferfish Y 40.0 High 52.0 High 12.0 3.18 3.18 3.17 0.80 0.80 0.79 
Lagocephalus suezensis Lessepsian Suez puffer Y 42.0 High 54.0 High 12.0 2.55 2.59 2.17 0.64 0.65 0.54 
Liza carinata keeled mullet N 9.0 Medium 15.0 Medium 6.0 2.16 2.18 2.00 0.54 0.55 0.50 
Nemipterus randalli Randall’s threadfin bream Y 23.0 High 35.0 High 12.0 2.60 2.61 2.50 0.65 0.65 0.63 
Ostorhinchus fasciatus broadbanded cardinalfish N 11.5 Medium 17.5 Medium 6.0 2.31 2.41 1.50 0.58 0.60 0.38 
Oxyurichthys petersii ‘sivrikuyruk kayabalığı’ N −12.0 Low −6.0 Low 6.0 1.78 1.80 1.67 0.45 0.45 0.42 
Parupeneus forsskali Red Sea goatfish N 4.0 Medium 10.0 Medium 6.0 2.18 2.29 1.33 0.55 0.57 0.33 
Pelates quadrilineatus fourlined terapon N 18.0 Medium 24.0 Medium 6.0 2.42 2.49 1.83 0.60 0.62 0.46 
Pempheris rhomboidea dusky sweeper N 9.0 Medium 15.0 Medium 6.0 2.11 2.18 1.50 0.53 0.55 0.38 
Pomadasys stridens striped piggy Y 3.0 Medium 9.0 Medium 6.0 1.65 1.69 1.33 0.41 0.42 0.33 
Pteragogus pelycus sideburn wrasse N 2.0 Medium 8.0 Medium 6.0 1.42 1.43 1.33 0.35 0.36 0.33 
Pterois miles devil firefish Y 45.5 High 57.5 High 12.0 2.60 2.61 2.50 0.65 0.65 0.63 
Rachycentron canadum cobia N 28.0 High 38.0 High 10.0 2.04 2.04 2.00 0.51 0.51 0.50 
Sargocentron rubrum redcoat Y 27.0 High 37.0 High 10.0 1.84 1.82 2.00 0.46 0.45 0.50 
Saurida lessepsianus brushtooth lizardfish Y 34.0 High 36.0 High 2.0 2.91 3.02 2.00 0.73 0.76 0.50 
Scomberomorus commerson narrow-barred Spanish mackerel N 24.0 High 30.0 High 6.0 2.47 2.55 1.83 0.62 0.64 0.46 
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2014) for the assessment of non-native invasive species 
with regard to the recent EC Regulation on the prevention 
and management of the introduction and spread of invasive 
alien species (Anonymous 2014).  AS-ISK  consists  of 
55 questions in total. The first 49 questions cover the 
biogeographical/historical (Section 1) and biological/ 
ecological (Section 2) aspects of the species under 
assessment, and these comprise the Basic Risk Assessment 
(BRA); the remaining six questions require the assessor 
to  predict  how  future  climatic  conditions  are  likely  
to affect the BRA with respect to risks of introduction, 
establishment, dispersal, and impact, and these represent 
Section 3 of the Climate Change  Assessment  (CCA). 
For each question, the assessor must provide a response, 
justification and level of confidence (see below), and the 
screened species eventually receives both a BRA and a 
BRA + CCA (composite) score (respectively ranging, 
theoretically, from −20 to 68 and from −32 to 80). AS- 
ISK scores < 1 suggest that the species is unlikely to 
become invasive in the RA area, and is therefore classified 
as ‘low risk’; on the contrary, higher score values 
categorise the species as posing either a ‘medium risk’ or 
a ‘high risk’ of becoming invasive. Distinction between 
medium and high risk levels depends upon definition of  
a ‘threshold’ value, which is typically obtained through 
RA area-specific ‘calibration’ provided the  availability 
of a representative sample size (i.e., number of screened 
species). Finally, the ranked levels of confidence (1 = 
low, 2 out of 10 chances; 2 = medium, 5 out of 10; 3 = 
high, 8 out of 10; 4 = very high, 9 out of 10) associated 
with each question-related response in AS-ISK mirror the 
confidence rankings recommended by the International 
Programme on Climate Change (Metz et al. 2005, Copp 
et al. 2016). 
Statistical analysis. Following  computation  of  the 
BRA and BRA + CCA scores, Receiver Operating 
Characteristic (ROC) analysis (Bewick  et  al.  2004)  
was used to assess the predictive ability of AS-ISK to 
discriminate between the Lessepsian fish species posing a 
high risk and those posing a medium risk of being invasive 
for the RA area. Statistically, a ROC curve is a graph of 
sensitivity vs. 1– specificity (or alternatively, sensitivity 
vs. specificity), where in the present context sensitivity 
and specificity will be the proportion of invasive and 
non-invasive Lessepsian fish species, respectively, that 
are correctly identified as such by AS-ISK. A measure of 
the accuracy of the calibration analysis is the Area Under 
the Curve (AUC), which typically ranges from 0.5 to 1.0, 
and the closer to 1.0 the better the ability of AS-ISK to 
differentiate between invasive and non-invasive species 
(Tarkan et al. 2017a, 2017b). Following ROC analysis,  
the best AS-ISK threshold value that maximises the true 
positive rate (i.e., a priori invasive species classified as 
invasive, hence ‘true positives’) and minimises the false 
positive rate (i.e., a priori non-invasive species classified 
as invasive, hence ‘false positives’) was determined using 
Youden’s  J statistic. Whereas, the ‘default’ threshold of  
1 was set to distinguish between low risk and medium 
risk species (see Risk screening). Notably, a priori non- 
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invasive species classified as non-invasive will be ‘true 
negatives’, and a priori invasive species classified as non- 
invasive will be ‘false negatives’. 

ROC analysis  was  carried  out  with  package  
pROC (Robin et al. 2011) for R x64 v3.0.3 (R Core Team 
2018) using 2000 bootstrap replicates for the confidence 
intervals of specificities, which were  computed  along 
the entire range of sensitivity points (i.e. 0 to 1, at 0.1 
intervals), and with the addition of a smoothed mean 
ROC curve. Based on the confidence levels allocated to 
each response for a given species (see Risk screening), an 
overall confidence factor (CFTotal) was computed as 

 
∑(CQi) (i = 1, …, 55) 

4 × 55 

as high risk, 28 (62.2%) as medium risk, and the  
remaining one (2.2%) as low risk (Table 1). All 14 
species categorised a priori as invasive were (correctly) 
classified as high risk; amongst the species categorised   
a priori as non-invasive, ‘sivrikuyruk kayabalığı’, 
Oxyurichthys petersii, was (correctly) classified as low 
risk (hence, true negative), whereas S. commerson and 
cobia Rachycentron canadum were classified as high risk 
(hence, false positives); and, no a priori invasive species 
was classified as low risk (cf. false negatives). Finally, 21 

 
 

 
where CQi is the confidence level (CL) for Question i 
(Qi), 4 is the maximum achievable value for certainty 
(i.e., ‘very certain’) and 55 is the total number of questions 
comprising the AS-ISK tool. The CFTotal therefore ranges 

from a minimum of 0.25 (i.e., all 55 questions with 
certainty score equal to 1) to a maximum of 1 (i.e., all 55 

questions with confidence level equal to 4). Two additional 
confidence factors were also computed for the BRA and 
CCA questions, namely the CFBRA and the CFCCA, based on 
49 Qs (Sections 1 and 2) and 6 Qs (Section 3), respectively. 

Differences between mean confidence level and mean 
confidence factor for the BRA (CLBRA, CFBRA) and CCA 

(CLCCA, CFCCA) were tested by permutational analysis of 
variance (PERANOVA) based on a one-factor design 

(Component, with the two levels BRA and CCA). Analysis 
was performed in PERMANOVA+ for PRIMER  v6, 

with normalisation of the data and using a Bray–Curtis 
dissimilarity measure, 9999 unrestricted permutations of 
the raw data (Anderson et al. 2008), and with statistical 
effects evaluated at α = 0.05. 

 
RESULTS 

The ROC curves for the BRA and BRA + CCA resulted 
in an AUC of 0.8095 (0.6686–0.9504, 95% CI) and of 
0.8026 (0.6602–0.9449, 95%  CI),  respectively  (Fig.  
1A, 1B). These AUCs were well above 0.5, indicating 
that AS-ISK was able to discriminate reliably between 
non-invasive and invasive Lessepsian  fishes  for  the  
RA area. Youden’s J provided a threshold of 18.5 for the 
BRA and of 29.5 for the BRA + CCA, which were used for 
calibration of the AS-ISK risk outcomes. Accordingly, the 
BRA threshold allowed to distinguish between medium 
risk species with scores within the  interval  [1,  18.5[* 

and high risk species with scores within ]18.5, 68]; the 
BRA + CCA threshold allowed to distinguish between 
medium risk species with scores within [1, 29.5[ and high 
risk species with scores within ]29.5, 80]. Finally, species 
classified as low risk were those with BRA scores within 
[−20, 1[ and BRA + CCA scores within [−32, 1[. 

Based on both the BRA and BRA + CCA thresholds, 
14 (35.6%) of the 45 screened species were classified 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. (A) Receiver Operating Characteristic (ROC) curve 
(solid line) for the Basic Risk Assessment (BRA) on the 
45 Lessepsian fish species screened with the Aquatic 
Species Invasiveness, Screening Kit (AS-ISK) for the 
south-western coasts of Anatolia (Muğla Province, 
Turkey) (see also Table 1); smoothing line and 
confidence intervals of specificities are also provided; 
(B) Same for the Climate Change Assessment (CCA) 

 
 

* The reverse bracket notation indicating in all cases an open interval. 
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a priori non-invasive and seven a priori invasive species 
were classified as medium risk (Table 1). 

For both the BRA and the BRA + CCA, the highest- 
scoring species (score ≥ 39.5 for the BRA, chosen as an 
empirical, very high-risk ‘sub-threshold’) were P. miles; 
half-smooth golden pufferfish, Lagocephalus spadiceus; 
silver-cheeked toadfish, Lagocephalus sceleratus; 
Lessepsian Suez puffer, Lagocephalus suezensis; and 
bluespotted cornetfish, Fistularia commersonii (and with 
the second to fourth species in the list achieving the same 
score); whereas, the only low risk species was O. petersii, 
which achieved BRA and BRA + CCA scores well below 
the threshold of 1 (Table 1). 

The CCA resulted in an increase from the BRA score 
for 42 (93.3%) of the screened species; whereas, for the 
remaining three species there was no change between 
BRA and BRA + CCA score, and for no species did the 
BRA + CCA score result in a decrease relative to the 
BRA. Also, there were twelve species that achieved the 
highest possible (positive) change in score of 12, whereas 
this difference ranged from 2 to 10 (in increments of 2) for 
the remaining 30 species (Table 1). 

Mean confidence level for all Qs (CLTotal) was 2.358 ± 
0.071 SE, for the BRA Qs (CLBRA) 2.404 ± 0.072 SE, and 
for the CCA Qs (CLCCA) 1.989 ± 0.094 SE, hence in all cases 
within the ‘high’ category. However, the mean CLBRA was 

Sea (Filiz et al. 2017b). However, the possibility of P. miles 
invasion in the latter, including the potential ecological 
and socio-economic impacts that may follow, have been 
so far largely neglected (Filiz et al. 2017b). 

The invasion by pufferfishes (which BRA-scores 
between 28.0 and 42.0 indicated high invasiveness 
potential: see Table 1) in the Mediterranean Sea has 
resulted in substantial ecological and socio-economic 
impacts. As mentioned in Turan et al. (2016), increasing 
temperatures  in  the   Mediterranean   Sea   likely   due  
to climate change have provided for more suitable  
habitat conditions to pufferfishes, especially in terms of 
reproduction. Besides climate change effects, the recent 
increase in abundance and expansion of pufferfishes in the 
eastern Mediterranean Sea appears to have been favoured 
by the presence of few natural predators combined with 
the species’ ability to adapt to a range of new habitats,   
to the point that substantial impacts on local ecosystems 
and fisheries are now expected (Filiz et al. 2017c). Likely 
due to their being poisonous and locally quite abundant, 
pufferfishes have been reported to cause negative effects 
on fisheries, including damage to fishing gears, overall loss 
of catches (especially of L. sceleratus) and replacement of 
commercially important species (Anonymous 2010). Also, 
Indo-Pacific pufferfishes contain tetrodotoxin, which is   
a known non-protein organic compound (aminoperhy- 

significantly higher than the mean CL CCA 
# 

1,88 = 10.96, droquinazoline) and one of the strongest marine paralytic 
P = 0.001). Similarly, mean values for CFTotal  = 0.590 ± 
0.018 SE and CFBRA  = 0.601 ± 0.018 SE were higher than 
the CFCCA  = 0.497 ± 0.024 SE, and the mean CFBRA was 

toxins (Halstead 1978). Tetrodotoxin can be  found  in 
the liver, gonads, intestines, and skin of these fish and is 
responsible for death from intoxication in ≈60% of the cases 

significantly higher than the mean CF 
P = 0.001). 

 
DISCUSSION 

 
CCA 

# 
1,88 = 10.96, in humans (Ellenhorn and Barceloux 1988). The dramatic 

invasion success of pufferfishes is thought to have resulted 
from a combination of factors including early maturation 
and reproduction, anti-predatory poisonous defences and 

In the first extensive application of AS-ISK to marine 
fishes (cf. Filiz et al. 2017b, 2017c), approximately one 
third of the screened species were classified as posing a 
high to very high risk potential of becoming invasive in 
the south-western coasts of Anatolia. 

The  highest-scoring  species  in  this   study,   namely 
P. miles, is currently considered to be one of the most 
successful marine invaders in the history of aquatic 
invasions (Filiz et al. 2017b). Two major introduction 
pathways have been suggested for this species, namely (i) 
through the Suez Canal, similar to several other marine 
organisms (Zenetos et al. 2012), and (ii) following 
release from captivity (Golani et al. 2002). Considering 
that P. miles is widespread throughout the Red Sea and  
in the proximity of the Suez Canal, the latter represents 
the species’ main pathway of introduction into the 
Mediterranean Sea (Bariche et al. 2013). Pterois miles 
first appeared in the eastern Mediterranean Sea at about 
the same time that its P. volitans/miles complex (of Indo- 
Pacific origin) was first reported off the coasts of Florida, 
where it has since spread rapidly and colonised almost all 
warm parts of the east coast of the United States, Gulf of 
Mexico, and the Caribbean Sea (Schofield et al. 2016). 
On the contrary, more than two decades have elapsed since 
the second sighting of this species in the Mediterranean 

ecological versatility, coupled with the availability of 
native prey and overfishing of (potential) native predators 
(Côté et al. 2013, Filiz et al. 2017c). 

The last highest-scoring species F. commersonii is 
considered to be one of the most invasive species in the 
Mediterranean Sea, with the most important environmental 
parameters responsible for its distribution including mean 
depth, chlorophyll-a and salinity. In this respect, coastal 
areas with relatively low chlorophyll-a concentrations and 
high salinities have been found to be the preferred habitat 
for F. commersonii in its invasive range; whereas, very high 
productivity, low salinities and cold temperatures represent 
together abiotic resistance factors to invasion (Azzurro  
et al. 2013). It is expected that climate-change predicted 
variation in salinity, productivity and temperature in the 
Mediterranean Sea due to global climate change (Caddy et 
al. 1995, Briand 2008) could increase the suitability of this 
area for F. commersonii, with consequent increase in niche 
overlap with native species, which would in turn favour 
further expansion of its invasive range of distribution 
(Azzurro et al. 2013). 

Amongst the other high-risk species, brushtooth 
lizardfish, Saurida lessepsianus, and Klunzinger’s 
ponyfish, Equulites klunzingeri, were the most common 
fish species (out of 20 in total, accounting for 82.5% of 

(F 

(F 
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the entire Lessepsian fish catch) recorded from a bottom 
trawling campaign in the Levant and Aegean Seas 
(Bilecenoğlu 2016). Also, whilst increased sea surface 
temperatures during the last century (and especially since 
the early 1990s) is believed to be one of the major causes 
for the establishment of alien species, the combined effects 
of other drivers such as deepening and widening of the 
Suez Canal, damming of the Nile River, gradual extinction 
of physical barriers through the Canal (cf. salinity), 
overall faunal impoverishment in the Levant Basin as well 
as overfishing along the eastern Mediterranean coasts, 
should also not be neglected (Galil 2006, Edelist et al. 
2013). Whereas, to date no scientific studies are available 
on the only species (i.e., O. petersii) that was classified in 
the presently reported study as posing a low risk of being 
invasive for the RA area. 

Computationally, the expert-based a priori 
categorization of the Lessepsian fishes screened for 
invasiveness in the presently reported study led to the mis- 
categorization of only one species (i.e., the false positive 
S. commerson). Overall, this outcome is remarkable 
given that the expert-based a priori categorization for the 
screened species adopted in the presently reported study 
was an inescapable requirement of the limited knowledge 
available about the invasiveness status of Lessepsian fishes 
at the global level. Pending further applications, this may 
also indicate an overall high level of accuracy (i.e., larger 
proportion of true vs. false negatives and of true vs. false 
positives) of the AS-ISK tool for the screening of marine 
fishes in general. Also, it is argued that the thresholds set 
in the presently reported study for the Lessepsian fishes of 
the Muğla coastal areas of Turkey may be transferred to 
other AS-ISK based applications in other RA areas in case 
of small sample sizes preventing identification of RA-area 
specific thresholds based on local calibration. Whereas, at 
the wider scale, the thresholds identified in the presently 
reported study will contribute to refinement of global 
thresholds for marine fishes in general. 
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