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Table S2. Comparison of Generalised Additive Models for fish non-indigenous species (NIS) detection through eDNA 
across sites of known occurrence in Greece, D: detected/not detected; TSS: total suspended solids; TDN: total dissolved 
nitrogen, R2(adj): adjusted R2; DE: deviance explained, df: degrees of freedom; AIC: Akaike information criterion; in bold 
the model with the lowest AIC value; s(): smooth functions of the predictor variables using thin plate regression splines.

model formulas R2(adj) DE% df AIC

m1 D ~ as.factor(NIS) + s(temperature, k = -1) + s(salinity, k = 
-1) + s(turbidity, k = -1) + s(TSS, k = -1) + s(TDN, k = -1) 0.087

17.80 24.096 238.029

m2 D ~ as.factor(NIS) + s(temperature, k = -1) + s(salinity, k = 
-1) + s(TSS, k = -1) + s(TDN, k = -1) 0.053

12.80 17.899 237.242

m3 D ~ as.factor(NIS) + s(temperature, k = -1) + s(TSS, k = -1) 
+ s(TDN, k = -1) 0.060

13.00 17.207 235.516

m4 D ~ as.factor(NIS) + s(temperature, k = -1) + s(TDN, k = -1) 0.063 12.40 16.179 234.713

m5 D ~ as.factor(NIS) + s(temperature, k = -1) + 1 0.071 14.80 19.302 235.399

m6 D ~ as.factor(NIS) 0.017 6.78 12.000 239.424

m7 D ~ s(temperature, k = -1) + s(salinity, k = -1) + s(turbidity, k 
= -1) + s(TSS, k = -1) + s(TDN, k = -1) 0.024

5.21 7.554 234.146

m8 D ~ s(temperature, k = -1) + s(salinity, k = -1) + s(TSS, k = 
-1) + s(TDN, k = -1) 0.027

5.02 6.517 232.525

m9 D ~ s(temperature, k = -1) + s(TSS, k = -1) + s(TDN, k = -1) 
+ 1 0.030

5.02 5.632 230.755

m10 D ~ s(temperature, k = -1) + s(TDN, k = -1) 0.033 4.71 4.746 229.703

m11 D ~ s(temperature, k = -1) 0.020 3.23 4.021 231.668

m12 D ~ 1 <0.001 <0.001 1.000 233.084
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Table S4. PERMANOVA results of the geographic region of sampling (region), period, and type of substrate effect on the occur-
rence of non-indigenous fish species in Greek territorial waters using environmental DNA analysis; * statistically significant;  df: 
degrees of freedom; SS:  sum of squares.

Parameters df
Occurrence

SS R2 F p-value

region 3 0.011 0.078 1.135 0.358

period 1 0.002 0.016 0.710 0.542

substrate 1 0.001 0.004 0.170 0.857

region: period 3 0.024 0.164 2.395 0.031*

region: substrate 3 0.014 0.098 1.425 0.213

period: substrate 1 0.003 0.023 1.013 0.425

region:period: substrate 3 0.010 0.069 1.011 0.449

Residual 24 0.079 0.548

Total 39 0.144 1.000

Table S5. Best Generalised Additive Model results for the detection of marine non-indigenous species (NIS) fish across sites of 
known occurrence in Greece using 12S rRNA on seawater environmental DNA samples; * statistically significant.

Detection (yes/no) ~ s(temperature) + s(total dissolved nitrogen)

Parametric terms:

Estimate Std. Error z-value Pr(>|z|)
Intercept -1.405 0.173 -8.116 <0.001*
Significance of smooth terms: 

edf Ref.df X2 p-value

s(temperature) 2.746 3.441 7.952 0.076
s(total dissolved nitrogen) 1.000 1.000 3.205 0.073

Deviance explained = 4.71%
Adjusted R2=  0.033
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Table S6. Reference list of non-indigenous species records in Greece.

Atherinomorus forskalii

Azzurro, E. Editors. 2023. ORMEF. World Wide Web electronic publication. www.ormef.eu (Accessed 11 May 2024 ).

GBIF, 2023. GBIF Home Page. https://www.gbif.org (Accessed 20 February 2024).

Katsanevakis, S., Poursanidis, D., Hoffman, R., Rizgalla, J., Rothman, S.B.S. et al., 2020. Unpublished Mediterranean records of 
marine alien and cryptogenic species. BioInvasions Records, 9(2), 165-182.

Sini, M., Ragkousis, M., Koukourouvli, N., Katsanevakis, S., Zenetos, A., 2024. Invading the Greek Seas: geo-referenced dataset 
of marine impactful cryptogenic and alien species. Biodiversity Data Journal, under review.

Zenetos, A., Koutsogiannopoulos, D., Ovalis, P., Poursanidis, D. 2013. The role played by citizen scientists in monitoring marine 
alien species in Greece. Cahiers de Biologie Marine, 54 (3), 419-426.

Fistularia commersonii

Azzurro E. Editors. 2023. ORMEF. World Wide Web electronic publication. www.ormef.eu (Accessed 11 May 2024 ).

Bardamaskos, G., Tsiamis, K., Panayotidis, P., Megalofonou, P., 2009. New records and range expansion of alien fish and macroal-
gae in Greek waters (South-east Ionian Sea). Marine Biodiversity Records, 2, e124.

Corsini, M., Kondilatos, G., Economidis, P.S., 2002. Lessepsian migrant Fistularia commersonii

from the Rhodes marine area. Journal of Fish Biology, 61 (4), 1061-1062

GBIF, 2023. GBIF Home Page. https://www.gbif.org (Accessed 20 February 2024).

Kalogirou, S., Corsini, M., Kondilatos, G., Wennhage, H., 2007. Diet of the invasive piscivorous fish Fistularia commersonii in a 
recently colonized area of the eastern Mediterranean. Biological invasions, 9, 887-896.

Karachle P., Triantaphyllidis C., Stergiou K.I., 2004. Bluespotted cornetfish, Fistularia commersonii Rüppell, 1838: a Lessepsian 
sprinter. Acta Ichthyologica et Piscatoria, 34, 103-108.

Katsanevakis, S., Poursanidis, D., Hoffman, R., Rizgalla, J., Rothman, S.B.S. et al., 2020. Unpublished Mediterranean records of 
marine alien and cryptogenic species. BioInvasions Records, 9 (2), 165-182.

Pirkenseer, C., 2012. Records of four non-indigenous marine species, south of Koroni (Messiniakos Gulf, Peloponnese, Greece). 
BioInvasions Records, 1 (2), 87-93.

Peristeraki, P., Lazarakis, G., Skarvelis, K., Georgiadis, M., Tserpes, G., 2006. Additional records on the occurrence of alien fish 
species in the eastern Mediterranean Sea. Mediterranean Marine Science, 7 (2), 61-66.

Ragkousis, M., Zenetos, A., Ben Souissi, J., Hoffman, R., Ghanem, R. et al., 2023. Unpublished Mediterranean and Black Sea 
records of marine alien, cryptogenic, and neonative species. BioInvasion Records, 12 (2), 339-369.

Sini, M., Ragkousis, M., Koukourouvli, N., Katsanevakis, S., Zenetos, A., 2024. Invading the Greek Seas: geo-referenced dataset 
of marine impactful cryptogenic and alien species. Biodiversity Data Journal, under review.

Tingilis, G., Anezaki, A., Valla, E., Lymberakis, P., Kapatangakis, A. et al., 2003. First records of Lessepsian fishfauna migrants 
from the Crete marine area. Proceedings of the 11th Hellenic Ichthyologists Symposium, Preveza, 10-13 April 2003, 47-50.

Zenetos, A., Koutsogiannopoulos, D., Ovalis, P., Poursanidis, D. 2013. The role played by citizen scientists in monitoring marine 
alien species in Greece. Cahiers de Biologie Marine, 54 (3), 419-426.

Lagocephalus sceleratus

Corsini-Foka, M., Economidis, P.S., 2007. Allochthonous and vagrant ichthyofauna in Hellenic marine and estuarine waters. 
Mediterranean Marine Science, 8, 67-89.

Evangelopoulos, A., Karampetsis, D., Christidis, A., Gubili, C., Sapounidis, A. et al., 2024. Non-native fish species in the North 
Aegean Sea: a review of their distributions integrating unpublished fisheries data. Frontiers in Marine Science, 11, 1398037.

GBIF, 2023. GBIF Home Page. https://www.gbif.org (Accessed 20 February 2024).

Giovos, I., Kleitou, P., Poursanidis, D., Batjakas, I., Bernardi, G. et al., 2019. Citizen-science for monitoring marine invasions and 
stimulating public engagement: a case project from the eastern Mediterranean. Biological Invasions. 21(12), 3707-3721.

Kalogirou, S., 2013. Ecological characteristics of the invasive pufferfish Lagocephalus sceleratus (Gmelin, 1789) in the eastern 
Mediterranean Sea – a case study from Rhodes. Mediterranean Marine Science, 14 (2), 251-260.

Minos, G., Karidas, T., Corsini-Foka, M., Economidis, P.S., 2010. New data on the geographical distribution of the invasive Lago-
cephalus sceleratus (Gmelin, 1789) in the north Aegean. 14th Panhellenic Ichthyologists Symposium, 6-9 May, Patras, Greece, 
283-286.

Ragkousis, M., Zenetos, A., Ben Souissi, J., Hoffman, R., Ghanem, R. et al., 2023. Unpublished Mediterranean and Black Sea 
records of marine alien, cryptogenic, and neonative species. BioInvasion Records, 12 (2), 339-369.

Sini, M., Ragkousis, M., Koukourouvli, N., Katsanevakis, S., Zenetos, A., 2024. Invading the Greek Seas: geo-referenced dataset 
of marine impactful cryptogenic and alien species. Biodiversity Data Journal, under review.



6 Mediterr. Mar. Sci., suppl.data, 26/1, 2025, 1-11

Zenetos, A., Koutsogiannopoulos, D., Ovalis, P., Poursanidis, D. 2013. The role played by citizen scientists in monitoring marine 
alien species in Greece. Cahiers de Biologie Marine, 54 (3), 419-426.

Lagocephalus suezensis

Corsini, M., Margies, P., Kondilatos, G., Economidis, P.S., 2005. Lessepsian migration of fishes to the Aegean Sea: First record of 
Tylerius spinosissimus (Tetraodontidae) from the Mediterranean, and six more fish records from Rhodes. Cybium, 29(4), 347-354.

Evangelopoulos, A., Karampetsis, D., Christidis, A., Gubili, C., Sapounidis, A. et al., 2024. Non-native fish species in the North 
Aegean Sea: a review of their distributions integrating unpublished fisheries data. Frontiers in Marine Science, 11, 1398037.

Ragkousis, M., Zenetos, A., Ben Souissi, J., Hoffman, R., Ghanem, R. et al., 2023. Unpublished Mediterranean and Black Sea 
records of marine alien, cryptogenic, and neonative species. BioInvasion Records, 12 (2), 339-369.

Parexocoetus mento

GBIF, 2023. GBIF Home Page. https://www.gbif.org (Accessed 20 February 2024).

Papaconstantinou, C., 2014. Fauna Graeciae. An updated checklist of the fishes in the Hellenic Seas. Monographs on Marine 
Sciences, 7. HCMR, Athens, Greece, 340 pp.

Tortonese, E., 1938. L’ittiofauna Mediterranea. Rapporto alla zoogeografia Bollettino dei Musei di zoologia ed anatomia compa-
rata della Real Universita` di Torino, 46, 1-35.

Pterois miles

GBIF, 2023. GBIF Home Page. https://www.gbif.org (Accessed 20 February 2024).

Giovos, I., Kleitou, P., Poursanidis, D., Batjakas, I., Bernardi, G. et al., 2019. Citizen-science for monitoring marine invasions and 
stimulating public engagement: a case project from the eastern Mediterranean. Biological Invasions. 21 (12), 3707-3721.

Papaconstantinou, C., 2014. Fauna Graeciae. An updated checklist of the fishes in the Hellenic Seas. Monographs on Marine 
Sciences, 7. HCMR, Athens, Greece, 340 pp.

Ragkousis, M., Zenetos, A., Ben Souissi, J., Hoffman, R., Ghanem, R. et al., 2023. Unpublished Mediterranean and Black Sea 
records of marine alien, cryptogenic, and neonative species. BioInvasion Records, 12 (2), 339-369.

Sini, M., Ragkousis, M., Koukourouvli, N., Katsanevakis, S., Zenetos, A., 2024. Invading the Greek Seas: geo-referenced dataset 
of marine impactful cryptogenic and alien species. Biodiversity Data Journal, under review.

Sargocentron rubrum

GBIF, 2023. GBIF Home Page. https://www.gbif.org (Accessed 20 February 2024).

Katsanevakis, S., Poursanidis, D., Hoffman, R., Rizgalla, J., Rothman, S.B.S. et al., 2020. Unpublished Mediterranean records of 
marine alien and cryptogenic species. BioInvasions Records, 9 (2), 165-182.

Papaconstantinou, C., 2014. Fauna Graeciae. An updated checklist of the fishes in the Hellenic Seas. Monographs on Marine 
Sciences, 7. HCMR, Athens, Greece, 340 pp.

Ragkousis, M., Zenetos, A., Ben Souissi, J., Hoffman, R., Ghanem, R. et al., 2023. Unpublished Mediterranean and Black Sea 
records of marine alien, cryptogenic, and neonative species. BioInvasion Records, 12 (2), 339-369.

Sini, M., Ragkousis, M., Koukourouvli, N., Katsanevakis, S., Zenetos, A., 2024. Invading the Greek Seas: geo-referenced dataset 
of marine impactful cryptogenic and alien species. Biodiversity Data Journal, under review.

Siganus luridus

GBIF, 2023. GBIF Home Page. https://www.gbif.org (Accessed 20 February 2024).

Katsanevakis, S., Poursanidis, D., Hoffman, R., Rizgalla, J., Rothman, S.B.S. et al., 2020. Unpublished Mediterranean records of 
marine alien and cryptogenic species. BioInvasions Records, 9(2), 165-182.

Papaconstantinou, C., 2014. Fauna Graeciae. An updated checklist of the fishes in the Hellenic Seas. Monographs on Marine 
Sciences, 7. HCMR, Athens, Greece, 340 pp.

Zenetos, A., Koutsogiannopoulos, D., Ovalis, P., Poursanidis, D., 2013. The role played by citizen scientists in monitoring marine 
alien species in Greece. Cahiers de Biologie Marine, 54 (3), 419-426.

Ragkousis, M., Zenetos, A., Ben Souissi, J., Hoffman, R., Ghanem, R. et al., 2023. Unpublished Mediterranean and Black Sea 
records of marine alien, cryptogenic, and neonative species. BioInvasion Records, 12 (2), 339-369.

Sini, M., Ragkousis, M., Koukourouvli, N., Katsanevakis, S., Zenetos, A., 2024. Invading the Greek Seas: geo-referenced dataset 
of marine impactful cryptogenic and alien species. Biodiversity Data Journal, under review.

Siganus rivulatus

GBIF, 2023. GBIF Home Page. https://www.gbif.org (Accessed 20 February 2024).

Katsanevakis, S., Poursanidis, D., Hoffman, R., Rizgalla, J., Rothman, S. B. S. et al., 2020. Unpublished Mediterranean records of 
marine alien and cryptogenic species. BioInvasions Records, 9 (2), 165-182.

Papaconstantinou, C., 2014. Fauna Graeciae. An updated checklist of the fishes in the Hellenic Seas. Monographs on Marine 
Sciences, 7. HCMR, Athens, Greece, 340 pp.



7Mediterr. Mar. Sci., suppl.data, 26/1, 2025, 1-11

Ragkousis, M., Zenetos, A., Ben Souissi, J., Hoffman, R., Ghanem, R. et al., 2023. Unpublished Mediterranean and Black Sea 
records of marine alien, cryptogenic, and neonative species. BioInvasion Records, 12 (2), 339-369.

Sini, M., Ragkousis, M., Koukourouvli, N., Katsanevakis, S., Zenetos, A., 2024. Invading the Greek Seas: geo-referenced dataset 
of marine impactful cryptogenic and alien species. Biodiversity Data Journal, under review.

Zenetos, A., Koutsogiannopoulos, D., Ovalis, P., Poursanidis, D. 2013. The role played by citizen scientists in monitoring marine 
alien species in Greece. Cahiers de Biologie Marine, 54 (3), 419-426.

Stephanolepis diapros

GBIF, 2023. GBIF Home Page. https://www.gbif.org (Accessed 20 February 2024).

Katsanevakis, S., Poursanidis, D., Hoffman, R., Rizgalla, J., Rothman, S. B. S. et al., 2020. Unpublished Mediterranean records of 
marine alien and cryptogenic species. BioInvasions Records, (2), 165-182.

Papaconstantinou, C. 2014. Fauna Graeciae. An updated checklist of the fishes in the Hellenic Seas. Monographs on Marine Sci-
ences, 7. HCMR, Athens, Greece, 340 pp.

Ragkousis, M., Zenetos, A., Ben Souissi, J., Hoffman, R., Ghanem, R. et al., 2023. Unpublished Mediterranean and Black Sea 
records of marine alien, cryptogenic, and neonative species. BioInvasion Records, 12(2), 339–369.

Zenetos, A., Koutsogiannopoulos, D., Ovalis, P., Poursanidis, D. 2013. The role played by citizen scientists in monitoring marine 
alien species in Greece. Cahiers de Biologie Marine, 54 (3), 419-426.

Torquigener flavimaculosus

Corsini-Foka, M. et al., 2006 Torquigener flavimaculosus Hardy and Randall, 1983 (Pisces: Tetraodontidae) off Rhodes island 
marine area: a new alien fish in the Hellenic waters

GBIF, 2023. GBIF Home Page. https://www.gbif.org (Accessed 20 February 2024).

Giovos, I., Kleitou, P., Poursanidis, D., Batjakas, I., Bernardi, G. et al., 2019. Citizen-science for monitoring marine invasions and 
stimulating public engagement: a case project from the eastern Mediterranean. Biological Invasions. 21(12), 3707-3721.

Katsanevakis, S., Poursanidis, D., Hoffman, R., Rizgalla, J., Rothman, S.B.S. et al., 2020. Unpublished Mediterranean records of 
marine alien and cryptogenic species. BioInvasions Records, 9 (2), 165-182.

Papaconstantinou, C. 2014. Fauna Graeciae. An updated checklist of the fishes in the Hellenic Seas. Monographs on Marine Sci-
ences, 7. HCMR, Athens, Greece, 340 pp.

Pirkenseer, C.M., 2020. Alien species in southern Laconia, Kythira Island and southern Messenia (Greece): new and additional 
records and updated record maps. Journal of the Black Sea/Mediterranean Environment, 26 (2), 145-175.

Ragkousis, M., Zenetos, A., Ben Souissi, J., Hoffman, R., Ghanem, R. et al., 2023. Unpublished Mediterranean and Black Sea 
records of marine alien, cryptogenic, and neonative species. BioInvasion Records, 12 (2), 339-369.

Sini, M., Ragkousis, M., Koukourouvli, N., Katsanevakis, S., Zenetos, A., 2024. Invading the Greek Seas: geo-referenced dataset 
of marine impactful cryptogenic and alien species. Biodiversity Data Journal, under review.

Zenetos, A., Koutsogiannopoulos, D., Ovalis, P., Poursanidis, D. 2013. The role played by citizen scientists in monitoring marine 
alien species in Greece. Cahiers de Biologie Marine, 54 (3), 419-426.

Upeneus pori

Corsini, M., Margies, P., Kondilatos, G., & Economidis, P. S. (2005). Lessepsian migration of fishes to the Aegean Sea: First re-
cord of Tylerius spinosissimus (Tetraodontidae) from the Mediterranean, and six more fish records from Rhodes. Cybium, 29 (4), 
347-354.

GBIF, 2023. GBIF Home Page. https://www.gbif.org (Accessed 20 February 2024).

ELNAIS, 2012. Ellenic Network of Aquatic Invasive Species. ttps://services.ath.hcmr.gr (Accessed 24 February 2024).

Ragkousis, M., Zenetos, A., Ben Souissi, J., Hoffman, R., Ghanem, R. et al., 2023. Unpublished Mediterranean and Black Sea 
records of marine alien, cryptogenic, and neonative species. BioInvasion Records, 12 (2), 339-369.Sini, M., Ragkousis, M., 
Koukourouvli, N., Katsanevakis, S., Zenetos, A., 2024. Invading the Greek Seas: geo-referenced dataset of marine impactful 
cryptogenic and alien species. Biodiversity Data Journal, under review.



8 Mediterr. Mar. Sci., suppl.data, 26/1, 2025, 1-11

Fig. S1: Number of reads during bioinformatic analysis stages; MOTU: molecular operational taxonomic units; NIS: non-indige-
nous species; *: at least 0.97 best-identity score; percentages refer to the reads of each category compared to the total paired-end 
reads.

Fig. S2: Non-indigenous fish species (NIS) communities detected in Greece using environmental DNA metabarcoding upon oc-
currence data. Blank circles represent sites where NIS fishes were not detected during sampling. 
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Fig. S3: Environmental parameters and depth recorded from February 2021 to March 2022; TSS: total suspended solids.

Fig. S4: Pearson correlations of environmental parameters recorded in-situ during seawater eDNA sampling expeditions from 
February 2021 to March 2022 in Greece, DO: dissolved oxygen; chl-a: chlorophyll-a; TSS: total suspended solids; red symbols 
indicate p-value levels: <0.001 ~ ”***”,  0.001-0.010 ~ ”**”, 0.010- 0.050 ~ ”*”, 0.050- 0.100 ~ ”.”, >0.100 ~ “ ”.
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Fig. S5: NMDS ordination of the marine-fish non-indigenous communities occurrence data in water samples using eDNA me-
tabarcoding, for the effect of a) sampling region (North Aegean/Central Aegean/Ionian and Levantine Sea) and period (cold: 
November-April/warm: May-October) and b) substrate type (hard/soft). The stress of the final configurations was equal to 0.097.

Fig. S6: Occurrence map of non-indigenous fish species recorded through underwater visual surveys (SCUBA; yellow bullets); 
black pyramids indicate all sampling sites.
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Fig. S7: Generalised Additive Model plots demonstrating the effect of temperature and total dissolved nitrogen in the detectability 
of marine non-indigenous fish species in Greece. 


