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Abstract 
The penaeid shrimp Penaeus aztecus Ives, 1891 has been collected off the Catalan 
coast for the first time. This represents the first report of the species for the Iberian 
Peninsula waters. Its morphological description, as well as the DNA sequenced 
fragment, agree with the descriptions assigned to Penaeus aztecus. This constitutes 
the first record of the species in the Spanish Mediterranean coast and the confirmation 
the species westward expansion along the Mediterranean Sea probably been drifted 
from the later invasion in the Gulf of Lions. 
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Introduction 

The Mediterranean Sea has historically been one of the busiest seas in the 
world, and is currently one of the most sensitive areas for the appearance 
of non-indigenous (NIS) species (Zenetos et al. 2010). This generates great 
concern about the loss of biodiversity (Boudouresque 2004). More than 
500 alien species have been reported in the Mediterranean Sea (Galil 2007, 
2009; Zenetos et al. 2010). Their monitoring plays an important role in 
controlling the expansion of the species and contributes to the adoption of 
management measures (Zenetos and Galanidi 2020). 

In the western Mediterranean, different species of allochtonous decapod 
crustaceans have been recently reported, such as Callinectes sapidus Rathbun, 
1896 (Castejón and Guerao 2013) and Charybdis (Charybdis) feriata (Linnaeus, 
1758) (Abelló and Hispano 2006; Colmenero et al. 2019). The acquisition 
of knowledge on the occurrence, dispersal and ecological role of non-native 
species is very important to try to know and control the ecological balance 
among the species and ecological systems, especially so concerning species 
with high fecundity and previous evidence of causing relevant damage in 
the ecosystems they settle in. Depending on the life history characteristics 
of the incomers, their trophic role, and the effects they can generate on invaded 
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ecosystems (Hänfling et al. 2011), trouble and damage may take place if 
they negatively affect sensitive habitats and/or fisheries (Clavero et al. 2022). 
On the other hand, in the case of invasive species with putative fisheries 
interest, they may become a new source of income for local fisheries and 
become not only an ecological problem but also a sociological and 
socioeconomical issue (Mancinelli et al. 2017). 

Penaeus aztecus Ives, 1891, is a penaeid shrimp, native to the Western 
Central Atlantic. Its original present distribution is limited to the East coast 
of the United States and the Gulf of Mexico (Cook and Lindner 1970). The 
habitat of this species is estuarine and coastal waters, with greater presence 
in muddy bottoms, and higher densities between 27–55 m depth (Williams 
1984). As in adults, in larval stages, the optimal temperature ranges around 
28 degrees Celsius and as with other members of the Penaeidae family, 
P. aztecus presents variations in the salinity conditions of the environment 
according to its stage of development (Uludağ and Aktaş 2021). The first 
record of P.aztecus in the Mediterranean Sea was obtained off Antalya, 
Turkey, in December 2009 (Deval et al. 2010). It was later reported along 
the Mediterranean coast of Turkey, Aegean Sea, Ionian Sea, Adriatic Sea, 
Tyrrhenian Sea, Gulf of Lions, Black Sea and Libya (Galil et al. 2017; Özcan et al. 
2019; Gönülal and Türetken 2019; Abdulrraziq et al. 2021) (Figure 1). 
The present study confirms the expansion of the species through the western 
Mediterranean, previously detected in the Gulf of Lions (Galil et al. 2017). 

Materials and methods 

The first specimen we recorded, was a pale, large, unmarked penaeid shrimp, 
clearly attributed to the genus Penaeus. It was collected on February 21, 2022, 
on muddy substrates by the trawling vessel “Maireta IV” off Barcelona 
(41.33°N; 2.37°E), at a depth of 51 m (Figure 1). Taxonomic identification 
was carried out according to the descriptions and keys in Perez-Farfante 
(1969, 1988). All measurements were taken with a digital caliper with a 0.01 mm 
accuracy. The weight was taken with a balance, with an accuracy of 0.001 g. 
The specimen (Figure 2) was deposited at the Marine Biological Reference 
Collections (CBMR) of the Institut de Ciències del Mar (ICM-CSIC, Barcelona, 
Spain) under the accession code ICMD 13020101 (Guerrero et al. 2023). 

We dissected one pleopod of this specimen to determine species 
identification using molecular tools. We stored the sample in 90° high quality 
ethanol (Supelco 1.11727) at −80 °C until analyses were performed. From 
the extracted pleopod of this individual, we obtained 29.6 ng µL-1 of DNA. 
DNA isolation was carried out using the E.Z.N.A Tissue DNA kit (Omega 
Bio-tek), strictly following the manufacturer’s instructions. DNA was 
resuspended in a final volume of 100 μL. A negative control that contained 
the sample was included in the DNA isolation procedure to check for 
contamination. DNA was quantified using the Qubit High Sensitivity dsDNA 
Assay (Thermo FisherScientific). The mitochondrial COI (mitochondrial 
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Figure 1. Location of the presence of the Penaeus aztecus Ives, 1891 in the Mediterranean Sea, in chronological order: 1 – Deval 
et al. 2010; 2 – Bilecenoglu et al. 2013; 3 – Sadek et al. 2018; 4 – Nikolopoulou et al. 2013; 5 – Marković et al. 2013; 6 – Kapiris 
et al. 2014; 7 – Kevrekidis 2014; 8 – Minos et al. 2015; 9 – Cruscanti et al. 2015; 10 – Crocetta et al. 2015; 11 – Kondylatos and 
Corsini-Foka 2015; 12 – Kondylatos et al. 2020; 13 – Galil et al. 2017; 14 – Scannella et al. 2017; 15 – Bakır and Aydin 2016; 
16 – Mytilineou et al. 2016; 17 – Özcan et al. 2019; 18 – Ben Jarray et al. 2019; 19 – Kapiris and Minos 2017; 20 – Zava et al. 2018; 
21 – Kampouris et al. 2018; 22 – Stern et al. 2019; 23 – Gönülal and Türetken 2019; 24 – Katsanevakis et al. 2020; 25 – El-Deeb et al. 
2020; 26 – Abdulrraziq et al. 2021; 27 – Present study (In red the specimen collected in Barcelona. In blue the specimens collected 
in L’Ametlla de Mar. In black circles the presences detected by fishermen), for details see Supplementary material Table S1. 

 
Figure 2. Original photograph of the recently captured specimen (by David Albiol). 

cytochrome c oxidase subunit I) region was amplified by polymerase chain 
reaction (PCR). A 664-base pair (bp) fragment of the COI gene was 
amplified using the primers COIAL2o_mod (5’ ACG CAA CGATGA TTA 
TTY TCT AC 3’) and COIAH2m_mod (5’ GAC CRA AAA ATC ARAATA 
ART GTT G 3’), modified from Mantelatto et al. (2016). The PCR reaction 
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was carried out in a final volume of 12.5 μL, containing 3.13 μL of Supreme 
NZYTaq Green PCR Master Mix (NZYTech), 0.5 μM of each primer, 1.25 μL 
of the template DNA solution, and PCR-grade water up to 12.5 μL. The thermal 
cycling conditions were as follows: an initial denaturation step at 95 °C for 
5 min, followed by 35 cycles of denaturation at 95 °C for 30 s, annealing at 
47 °C for 45 s, extension at 72 °C for 45 s; and a final extension step at 72 °C 
for 7 min. A negative control that contained no DNA was included in every 
PCR round to check for cross-contamination. The PCR products were run 
on a 2% agarose gel stained with GreenSafe (NZYTech), and imaged under UV 
light to verify the amplicon size. The PCR products were bi-directionally 
sequenced on a ABI 3730xl DNA Analyzer (Thermo Fisher Scientific), using 
the PCR primers. 

Electropherogram analysis was conducted using Geneious 11.1.5 program. 
During the analysis, the primer annealing regions and the low quality regions 
at both ends of eachelectropherogram were trimmed (error probability limit 
of 0.03). Sequence reads were manually checked for sequencing errors or 
ambiguous base calls. Ambiguities and heterozygous positions were coded 
using the IUPAC ambiguity code (e.g., K:G or T). The final edited COI 
sequence was translated into amino acids (genetic code = invertebrate 
mitochondrial) to detect stop codons, which might indicate the amplification 
of nuclear mitochondrial pseudogenes (NUMTS). The sample was identified 
to the lowest possible taxonomic level by comparing the sequences obtained 
against the NCBI’s (National Center for Biotechnology Information) 
Nucleotide database using the BLASTn server, and following the best close 
match criteria, sensu Meier et al. (2006). In addition, the COI sequence was 
also compared to the COI records available in the Barcode of Life Data System 
(BOLD) database, using the BOLD Identification Engine. When the query 
sequence shared similarly high identity values with reference sequences 
belonging to different species, the sample was only identified to the lowest 
common taxonomic level (e.g., genus). 

Some months later, on October 19th, 2022 we collected, within the frame 
of a fisheries monitoring programe (ICATMAR), four additional individuals 
from the south of Catalonia, in the fishing area of the town of L’Ametlla de 
Mar (40.81°N; 0.82°E), at a depth of 29 m, on muddy substrates (Figure 1). 
These specimens were collected by the trawling vessel “Peret i Paquita”. 
Sex, carapace length (distance between the ocular cavity and the distal end 
of the cephalothorax) and weight measurements were taken for all samples. 

Results 

The first individual, collected off Barcelona, was an adult male, weighed 
23.13 g and had a carapace length of 31.74 mm. All measurements obtained 
in the identification are shown in Table 1. 

The sequencing results showed that the COI 624 bp fragment sequenced 
presented 100% nucleotide identity with the accession number KU958164.1  
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Table 1. Measurements (in mm) taken from the P. aztecus collected in Barcelona 

Carapace length 31.74 
Gastrofrontal sulcus broad 2.30 
Gastrofrontal sulcus length 6.36 
Cervical sulcus 6.86 
Hepatic carina 11.92 
Length of antennular flagellum 9.50 
Length of antennular pedunculum 18.90 
Scaphocerite length 23.36 
Scaphocerite maximun width 8.74 
Length of sixth abdominal segment 17.59 

in the reference databases, and was therefore assigned to the species Penaeus 
aztecus Ives, 1891. 

Four more individuals were later collected further southwest off L’Ametlla 
de Mar. They were four adult females, had a carapace length of 43–47 mm, 
and weights of 61–77 g. All these female specimens showed advanced stages 
of maturity, with a greenish coloration in the gonads. 

Discussion 

The presence of P. aztecus was confirmed along the Catalan coasts with 
both morphological and molecular methods. All morphological characteristics 
coincided with those reported in Perez-Farfante (1969, 1988). Concerning 
molecular analyses, P. aztecus samples in the Mediterranean Sea were previously 
reported by Galil et al. (2017) and El-Deeb et al. (2020), showing the COI 
fragment with the accession number KU958164 as in the present study.  

The presence of P. aztecus in the Catalan coast represents the first record 
of the species along the Iberian Peninsula Mediterranean coasts, and the 
confirmation of its westward expansion along the whole Mediterranean 
Sea (Özcan et al. 2019; Abdulrraziq et al. 2021). According to fishermen, 
scattered individuals of this species are irregularly captured along the 
Catalan coast since 2021 (Figure 1), along their usual trawling paths, together 
with other captures of the autochtonous congeneric species Penaeus kerathurus 
(Forskål, 1775). 

Occurrences of P. aztecus in the Mediterranean Sea were previously 
reported in other areas, such as the eastern and central Mediterranean 
(Deval et al. 2010; Galil et al. 2017). As happened in other areas, its presence 
and expansion may be underestimated (Ugarković and Crocetta 2021). 
Kampouris et al. (2018) reported, for this species, wide bathymetric ranges 
and a rapid expansion. The effects of this expansion, especially on the local 
fauna are yet unknown, but they could act as a vector of the ectoparasitic 
bopyrid isopod Epipenaeon ingens (Deval and Koçanci 2021). This expansion 
could have a negative effect on the congeneric, native species P. kerathurus, 
but so far, no effects have yet been reported. However, the important fishing 
pressure to which P. kerathurus is subjected may facilitate the establishment 
of P. aztecus (Kevrekidis 2014). 
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The authors of the first report of P. aztecus in the Mediterranean Sea 
(Deval et al. 2010; Nikolopoulou et al. 2013) reported ballast water as the 
main entry putative vector in the Mediterranean, and indicated that oceanic 
transport of larvae influenced its expansion. Other authors report that the 
occurrence of contemporaneous citations in different areas (Figure 1) cannot 
only be explained by this route of entry and suggest that some reports may be 
due to illegal farming (Cruscanti et al. 2015; Galil et al. 2017; Abdulrraziq 
et al. 2021). In relation with the individuals captured in the Catalan sea 
(present study), they probably originated from settled individuals from the 
Gulf of Lions through the Northern Current (Clavel-Henry et al. 2020). 

Many of the fishermen near the influence of the Ebro Delta have confirmed 
to the authors that they accidentally catch P. aztecus mixed with P. kerathurus. 
These catches have taken place since 2021. Since, as can be seen in the 
specimens we presently report, adult females have been found with advanced 
stages of gonad maturation, this would indicate that the species thrives 
in the area, thus showing a full population establishment in the area. 
The environmental conditions present in the Ebro Delta with high temperatures 
and relatively low salinity may favor the establishment of P. aztecus (Haas 
et al. 2001), as already shown for other recently settled non-indigenous species, 
such as the American Blue Crab C. sapidus (Clavero et al. 2022). 

The biological and fishery study of the population, together with the 
monitoring of fisheries catches should provide a more solid understanding 
of the population evolution and the effects on the local fauna, especially so 
in relation with P. kerathurus. 

Acknowledgements 
First, we would like to thank Mr. David Albiol, captain of the Maireta IV fishing boat and Mr. Pere 
García, captain of the Peret i Paquita fishing boat, and his entire crew, that captured the first 
known specimen in the area. We would also like to thank Marc Balcells and Alberto Javier 
Rico, ICATMAR technicians who detected the presence of the species. This work could not be 
done without the support of the Catalan Institute for Ocean Governance and Research 
(ICATMAR), the European Maritime and Fisheries Fund (EMFF) and the Catalan General 
Directorate of Marine Policy and Sustainable Fisheries through projects Pescat (ARP029/ 
18/00003), and CGCAT (ARP140/20/000006). Funding was also provided by the Spanish 
government through the “Severo Ochoa Center of Excellence” accreditation (CEX2019-
000928-S). We would like to thank the ICATMAR observers and the Biological Reference 
Collections of the Institut de Ciències del Mar (ICM-CSIC). Lastly, we would also like to thank 
the reviewers and the entire editorial team involved in the edition of the article.  

Authors’ contribution 
RS designed the study, collected the samples, performed the laboratory work, led the writing of 
the manuscript with contributions from all authors. GR contributed to design the study, led 
genetic analysis, performed the laboratory work, contributed to the writing of the manuscript. 
PA contributed to design the study, data interpretation, and writing. 

References 
Abelló P, Hispano C (2006) The capture of the Indo-Pacific crab Charybdis feriata (Linnaeus, 

1758) (Brachyura: Portunidae) in the Mediterranean Sea. Aquatic Invasions 1: 13–16, https://doi.org/ 
10.3391/ai.2006.1.1.4 

Abdulrraziq AA, Abdulghani A, Ibrahim SM, Zava B, Deidun A (2021) First record of the 
northern brown shrimp Penaeus aztecus Ives, 1891 (Crustacea, Decapoda, Penaeidae) from 
Libyan waters. BioInvasions Records 10: 287–294, https://doi.org/10.3391/bir.2021.10.2.06 

https://doi.org/10.3391/bir.2023.12.4.14
https://www.invasivesnet.org
https://doi.org/10.3391/ai.2006.1.1.4
https://doi.org/10.3391/ai.2006.1.1.4
https://doi.org/10.3391/bir.2021.10.2.06


Penaeus aztecus in the Iberian coast 

 Santos-Bethencourt et al. (2023), BioInvasions Records 12(4): 1015–1023, https://doi.org/10.3391/bir.2023.12.4.14 1021 

Bakır K, Aydın I (2016) New localities in the Aegean Sea for alien shrimps Penaeus aztecus 
(Ives, 1891) and Metapenaeus affinis (H. Milne Edwards, 1837). Acta Adriatica 57(2): 273–280 

Ben Jarray F, Marouani S, Karaa S, Hentati Z, Jarboui O (2019) First record of the brown 
shrimp Penaeus aztecus (Decapoda: Penaeidae) in the Gulf of Gabes (Central Mediterranean 
Sea, Tunisia). Cahiers de Biologie Marine 60: 425–430 

Bilecenoglu M, Alfaya JEF, Azzurro E, Baldacconi R, Boyaci YO, Circosta V, Compagno LJV, 
Coppola F, Deidun A, Durgham H, Durucan F, Ergüden D, Fernández-Álvarez FÁ, 
Gianguzza P, Giglio G, Gökoğlu M, Gürlek M, I khtiyar S, Kabasakal H, Karachle PK, 
Katsanevakis S, Koutsogiannopoulos D, Lanfranco E, Micarelli P, Özvarol Y, Pena-Rivas L, 
Poursanidis D, Saliba J, Sperone E, Tibullo D, Tiralongo F, Tripepi S, Turan C, Vella P, 
Yokes MB, Zava B (2013) New Mediterranean Marine Biodiversity Records (December, 
2013). Mediterranean Marine Science 14: 463–480, https://doi.org/10.12681/mms.676 

Boudouresque CF (2004) Marine biodiversity in the Mediterranean: status of species, populations, 
and communities. Scientific reports of the Port-Cros national park, France 20: 97–146 

Castejón D, Guerao G (2013) A new record of the American blue crab, Callinectes sapidus 
Rathbun, 1896 (Decapoda: Brachyura: Portunidae), from the Mediterranean coast of the Iberian 
Peninsula. BioInvasions Records 2: 141–143, https://doi.org/10.3391/bir.2013.2.2.08 

Clavel-Henry M, Solé J, Kristiansen T, Bahamon N, Rotllant G, Company JB (2020) Modeled 
buoyancy of eggs and larvae of the deep-sea shrimp Aristeus antennatus (Crustacea: 
Decapoda) in the northwestern Mediterranean Sea. PLoS ONE 15: e0223396, https://doi.org/ 
10.1371/journal.pone.0223396 

Clavero M, Franch N, Bernardo R, López V, Abelló P, Mancinelli G (2022) Severe, rapid and 
widespread impacts of an Atlantic Blue Crab invasion. Marine Pollution Bulletin 176: 113479, 
https://doi.org/10.1016/j.marpolbul.2022.113479 

Colmenero A, Barria C, Abelló P (2019) Has the portunid crab Charybdis feriata already 
established a population in the Mediterranean Sea? Cahiers de Biologie Marine 60(2): 201–204 

Cook HL, Lindner MJ (1970) Synopsis of biological data on the Brown shrimp Penaeus aztecus lves, 
1891. FAO Fisheries Report 57(4): 1471–1491 

Crocetta F, Agius D, Balistreri P, Bariche M, Bayhan YK, Çakir M, Ciriaco S, Corsini-Foka M, 
Deidun A, El Zrelli R, Erguden D, Evans J, Ghelia M, Giavasi M, Kleitou P, Kondylatos G, 
Lipej L, Mifsud C, Ozvarol Y, Pagano A, Portelli P, Pousanidis P, Rabaoui L, Schembri PJ, 
Taskin E, Tiralongo F, Zenetos A (2015) New Mediterranean biodiversity records (October 
2015). Mediterranean Marine Science 16: 682–702, https://doi.org/10.12681/mms.1477 

Cruscanti M, Innocenti G, Alvarado Bremer JR, Galil BS (2015) First report of the brown 
shrimp Penaeus aztecus Ives, 1891 (Crustacea, Decapoda, Penaeidae) in the Tyrrhenian 
Sea. Marine Biodiversity Records 8: 1–4, https://doi.org/10.1017/S1755267215000664 

Deval MC, Koçanci FG (2021) Infestation and effect of parasitic isopod Epipenaeon ingens 
ingens Nobili, 1906 on commercial shrimp species in the eastern Mediterranean: a case 
study of the population of brown shrimp Penaeus aztecus Ives, 1891. Turkish Journal of 
Zoology 45: 557–569, https://doi.org/10.3906/zoo-2101-26 

Deval MC, Kaya Y, Güven O, Gökoğlu M, Froglia C (2010) An unexpected find of the western 
Atlantic shrimp, Farfantepenaeus aztecus (Ives, 1891) (Decapoda, Penaeidea) in Antalya Bay, 
Eastern Mediterranean Sea. Crustaceana 83: 1531–1537, https://doi.org/10.1163/001121610X538859 

El-Deeb RS, Sarhan M, Khafage AR, Abdel Razek FA, Abdel-Wahab M, Omar HA (2020) 
Occurrence of Penaeus aztecus, Ives, 1891 (Crustacea: Decapoda: Penaeidae) in the coastal 
water of Alexandria, Egypt. Egyptian Journal of Aquatic Research 46: 303–309, https://doi.org/ 
10.1016/j.ejar.2020.08.004 

Galil BS (2007) Loss or gain? Invasive aliens and biodiversity in the Mediterranean Sea. 
Marine Pollution Bulletin 55: 314–322, https://doi.org/10.1016/j.marpolbul.2006.11.008 

Galil BS (2009) Taking stock: inventory of alien species in the Mediterranean Sea. Biological 
Invasions 11: 359–372, https://doi.org/10.1007/s10530-008-9253-y 

Galil BS, Innocenti G, Douek J, Paz G, Rinkevich B (2017) Foul play? On the rapid spread of 
the brown shrimp Penaeus aztecus Ives, 1891 (Crustacea, Decapoda, Penaeidae) in the 
Mediterranean, with new records from the Gulf of Lion and the southern Levant. Marine 
Biodiversity 47: 979–985, https://doi.org/10.1007/s12526-016-0518-x 

Gönülal O, Türetken P (2019) One of the most invasive alien species, Penaeus aztecus Ives, 
1891 reached the Black Sea coasts. BioInvasions Records 8: 871–875, https://doi.org/10.3391/ 
bir.2019.8.4.15 

Haas HL, Lamon III EC, Rose KA, Shaw RF (2001) Environmental and biological factors 
associated with the stage-specific abundance of brown shrimp (Penaeus aztecus) in 
Louisiana: applying a new combination of statistical techniques to long-term monitoring 
data. Canadian Journal of Fisheries and Aquatic Sciences 58: 2258–2270, https://doi.org/ 
10.1139/f01-169 

Hänfling B, Edwards F, Gherardi F (2011) Invasive alien Crustacea: dispersal, establishment, 
impact and control. BioControl 56: 573–595, https://doi.org/10.1007/s10526-011-9380-8 

Kampouris TE, Tiralongo F, Golemaj A, Giovos I, Doumpas N, Batjakas IE (2018) Penaeus 
aztecus Ives, 1891 (Decapoda, Dendrobranchiata, Penaeidae): On the range expansion in 
Sicilian waters and on the first record from Albanian coast. International Journal of 
Fisheries and Aquatic Studies 6(4): 468–471 

https://doi.org/10.3391/bir.2023.12.4.14
https://www.invasivesnet.org
https://doi.org/10.12681/mms.676
https://doi.org/10.3391/bir.2013.2.2.08
https://doi.org/10.1371/journal.pone.0223396
https://doi.org/10.1371/journal.pone.0223396
https://doi.org/10.1016/j.marpolbul.2022.113479
https://doi.org/10.12681/mms.1477
https://doi.org/10.1017/S1755267215000664
https://doi.org/10.3906/zoo-2101-26
https://doi.org/10.1163/001121610X538859
https://doi.org/10.1016/j.ejar.2020.08.004
https://doi.org/10.1016/j.ejar.2020.08.004
https://doi.org/10.1016/j.marpolbul.2006.11.008
https://doi.org/10.1007/s10530-008-9253-y
https://doi.org/10.1007/s12526-016-0518-x
https://doi.org/10.3391/bir.2019.8.4.15
https://doi.org/10.3391/bir.2019.8.4.15
https://doi.org/10.1139/f01-169
https://doi.org/10.1139/f01-169
https://doi.org/10.1007/s10526-011-9380-8


Penaeus aztecus in the Iberian coast 

 Santos-Bethencourt et al. (2023), BioInvasions Records 12(4): 1015–1023, https://doi.org/10.3391/bir.2023.12.4.14 1022 

Kapiris K, Minos G (2017) Weight-length relationship of the northern brown shrimp Penaeus 
aztecus Ives, 1891 (Decapoda: Penaeidae) from the Central Aegean Sea, Greece. Mediterranean 
Marine Science 18(3): 562–563 

Kapiris K, Apostolidis C, Baldacconi R, Basusta N, Bilecenoglu M, Bitar G, Bobori D, Boyaci Y, 
Dimitriadis C, Djurovic M, Dulcic J, Duruacan F, Gerovasileiou V, Gokoglu M, Koutsoubas D, 
Lefkaditou E, Lipej L, Markovic O, Mavric B, Ozvarol Y, Pesic V, Petriki O, Siapatis A, 
Sini M, Tibullo D, Tiralongo F (2014) New Mediterranean Biodiversity Records (April, 
2014). Mediterranean Marine Science 15: 198–212, https://doi.org/10.12681/mms.737 

Katsanevakis S, Poursanidis D, Hoffman R, Rizgalla J, Rothman SBS, Levitt-Barmats Y, 
Hadjioannou L, Trkov D, Garmendia JM, Rizzo M, Bartolo AG, Bariche M, Tomas F, 
Kleitou P, Schembri PJ, Kletou D, Tiralongo F, Pergent C, Pergent G, Azzurro E, 
Bilecenoglu M, Lodola A, Ballesteros E, Gerovasileiou V, Verlaque M, Occhipinti-
Ambrogi A, Kytinou E, Dailianis T, Ferrario J, Crocetta F, Jimenez C, Evans J, Ragkousis M, 
Lipej L, Borg JA, Dimitriadis C, Chatzigeorgiou G, Albano PG, Kalogirou S, Bazairi H, 
Espinosa F, Ben Souissi J, Tsiamis K, Badalamenti F, Langeneck J, Noel P, Deidun A, 
Marchini A, Skouradakis G, Royo L, Sini M, Bianchi CN, Sghaier YR, Ghanem R, 
Doumpas N, Zaouali J, Tsirintanis K, Papadakis O, Morri C, Çinar ME, Terrados J, Insacco 
G, Zava B, Soufi-Kechaou E, Piazzi L, Ounifi Ben Amor K, Andriotis E, Gambi MC, Ben 
Amor MM, Garrabou J, Linares C, Fortič A, Digenis M, Cebrian E, Fourt M, Zotou M, 
Castriota L, Di Martino V, Rosso A, Pipitone C, Falautano M, García M, Zakhama-Sraieb R, 
Khamassi F, Mannino AM, Ktari MH, Kosma I, Rifi M, Karachle PK, Yapıcı S, Bos AR, 
Balistreri P, Ramos Esplá AA, Tempesti J, Inglese O, Giovos I, Damalas D, Benhissoune S, 
Huseyinoglu MF, Rjiba- Bahri W, Santamaría J, Orlando-Bonaca M, Izquierdo A, Stamouli 
C, Montefalcone M, Cerim H, Golo R, Tsioli S, Orfanidis S, Michailidis N, Gaglioti M, 
Taşkın E, Mancuso E, Žunec A, Cvitković I, Filiz H, Sanfilippo R, Siapatis A, Mavrič B, 
Karaa S, Türker A, Monniot F, Verdura J, El Ouamari N, Selfati M, Zenetos A (2020) 
Unpublished Mediterranean records of marine alien and cryptogenic species. BioInvasions 
Records 9: 165–182, https://doi.org/10.3391/bir.2020.9.2.01 

Kevrekidis K (2014) The occurrence of the Atlantic penaeid prawn Farfantepenaeus aztecus 
(Ives, 1891) in the Thermaikos Gulf (Aegean Sea, Eastern Mediterranean): considerations 
on the potential establishment and impact on the autochthonous Melicertus kerathurus 
(Forskal, 1775). Crustaceana 87: 1606–1619, https://doi.org/10.1163/15685403-00003387 

Kondylatos G, Corsini-Foka M (2015) First record of Penaeus aztecus Ives, 1891 (Crustacea, 
Decapoda) and Melibe viridis (Kelaart, 1858) (Gastropoda, Nudibranchia) in the South-
Eastern Aegean Sea (Greece). Mediterranean Marine Science 16(1): 278–279 

Kondylatos G, Crocetta F, Corsini-Foka M, Froglia C (2020) Crustacea Decapoda from the 
Rhodes Island area (eastern Mediterranean): new records and an updated checklist. 
Diversity 12: 246, https://doi.org/10.3390/d12060246 

Mancinelli G, Chainho P, Cilenti LA, Falco S, Kapiris K, Katselis G, Ribeiro F (2017) On the 
Atlantic blue crab (Callinectes sapidus Rathbun 1896) in southern European coastal waters: 
Time to turn a threat into a resource? Fisheries Research 194: 1–8, https://doi.org/10.1016/ 
j.fishres.2017.05.002 

Mantelatto FL, Carvalho FL, Simões SM, Negri M, Souza-Carvalho EA, Terossi M (2016) New 
primers for amplification of cytochrome c oxidase subunit I barcode region designed for species 
of Decapoda (Crustacea). Nauplius 24: e2016030, https://doi.org/10.1590/2358-2936e2016030 

Marković O, Gökoğlu M, Petović S, Mandić M (2013) First record of the Northern brown shrimp, 
Farfantepenaeus aztecus (Ives, 1891) (Crustacea: Decapoda: Penaeidae) in the South Adriatic 
Sea, Montenegro. Mediterranean Marine Science 15: 165, https://doi.org/10.12681/mms.673 

Meier R, Shiyang K, Vaidya G, Ng PK (2006) DNA barcoding and taxonomy in Diptera: A tale 
of high intraspecific variability and low identification success. Systematic Biology 55: 715–728, 
https://doi.org/10.1080/10635150600969864 

Minos G, Kokokiris L, Imsiridou A, Karachle P, Kapiris K (2015) Notes on the distribution and 
biology of northern brown shrimp Farfantepenaeus aztecus (Ives, 1891) in the Eastern 
Mediterranean. Turkish Journal of Zoology 39: 1–7, https://doi.org/10.3906/zoo-1403-19 

Mytilineou C, Akel E, Babali N, Balistreri P, Bariche M, Boyaci Y, Cilenti L, Constantinou C, 
Crocetta F, Çelik M, Dereli H, Dounas C, Durucan F, Garrido A, Gerovasileiou V, Kapiris K, 
Kebapcioglu T, Kleitou P, Krystalas A, Lipej L, Maina I, Marakis P, Mavrič B, Moussa R, 
Peña Rivas L, Poursanidis D, Renda W, Rizkalla S, Rosso A, Scirocco T, Sciuto F, Servello G, 
Tiralongo F, Yapici S, Zenetos A (2016) New Mediterranean Biodiversity Records (November, 
2016). Mediterranean Marine Science 17: 794–821, https://doi.org/10.12681/mms.1976 

Nikolopoulou I, Baxevanis AD, Kampouris TE, Abatzopoulos TJ (2013) Farfantepenaeus 
aztecus (Ives, 1891) (Crustacea: Decapoda: Penaeidae) in Ν Aegean: first record in Greece by 
morphological and genetic features. Journal of Biological Research-Thessaloniki 20: 367–375 

Özcan T, Ateş AS, Özcan G (2019) The Distribution of the Alien Species Penaeus aztecus Ives, 1891 
(Decapoda, Penaeidae) in the Mediterranean Sea. Transylvanian Review of Systematical 
and Ecological Research 21: 41–48, https://doi.org/10.2478/trser-2019-0011 

Perez-Farfante I (1969) Western Atlantic shrimps of the genus Penaeus. Fishery Bulletin, U.S. 
67: i–x, 461–591 

https://doi.org/10.3391/bir.2023.12.4.14
https://www.invasivesnet.org
https://doi.org/10.12681/mms.737
https://doi.org/10.3391/bir.2020.9.2.01
https://doi.org/10.1163/15685403-00003387
https://doi.org/10.3390/d12060246
https://doi.org/10.1016/j.fishres.2017.05.002
https://doi.org/10.1016/j.fishres.2017.05.002
https://doi.org/10.1590/2358-2936e2016030
https://doi.org/10.12681/mms.673
https://doi.org/10.1080/10635150600969864
https://doi.org/10.3906/zoo-1403-19
https://doi.org/10.12681/mms.1976
https://doi.org/10.2478/trser-2019-0011


Penaeus aztecus in the Iberian coast 

 Santos-Bethencourt et al. (2023), BioInvasions Records 12(4): 1015–1023, https://doi.org/10.3391/bir.2023.12.4.14 1023 

Perez-Farfante I (1988) Illustrated key to penaeoid shrimps of commerce in the Americas. NOAA 
Technical Report, NMFS 64: i–iv, 1–32 

Sadek S, Abou El-Soud W, Galil BS (2018) The brown shrimp Penaeus aztecus Ives, 1891 
(Crustacea, Decapoda, Penaeidae) in the Nile Delta, Egypt: an exploitable resource for 
fishery and mariculture. BioInvasions Records 7: 51–54, https://doi.org/10.3391/bir.2018.7.1.07 

Scannella D, Falsone F, Geraci ML, Froglia C, Fiorentino F, Giusto GB, Zava B, Insacco G, 
Colloca F (2017) First report of the northern brown shrimp Penaeus aztecus Ives, 1891 in 
Strait of Sicily. BioInvasions Records 6: 67–72, https://doi.org/10.3391/bir.2017.6.1.11 

Stern N, Baddreddine A, Bitar G, Crocetta F, Deidun A, Dragičević B, Dulčić J, Durgham H, 
Galil B, Galiya M, Ikhtiyar S, Izquiredo-Muñoz A, Kassar A, Lombardo A, Lubinevsky H, 
Masalles D, Othman R, Oussellam M, Pešić V, Pipitone C, Ramos-Esplá A, Rilov G, 
Rothman S, Selfati M, Tiralongo F, Türker A, Ugarković P, Yapici S, Zava B (2019) New 
Mediterranean Biodiversity Records. July 2019. Mediterranean Marine Science 20: 409–426, 
https://doi.org/10.12681/mms.20602 

Ugarković P, Crocetta F (2021) The brown shrimp Penaeus aztecus Ives, 1891 (Crustacea: 
Decapoda: Penaeidae) spreading northern in the Adriatic Sea: a first record from Croatia. 
BioInvasions Records 10: 636–643, https://doi.org/10.3391/bir.2021.10.3.14 

Uludağ AD, Aktaş M (2021) The effect of different salinity levels on larval growth and survival 
of Farfantepenaeus aztecus (Ives, 1891) (Decapoda: Penaeidae). Marine and Life Sciences 3: 
100–104, https://doi.org/10.51756/marlife.1026198 

Williams AB (1984) Shrimps, lobsters, and crabs of the Atlantic coast of the Eastern United 
States, Maine to Florida. Smithsonian Institution Press, Washington, D.C., 550 pp 

Zava B, Insacco G, Galil BS (2018) The first record of the brown shrimp Penaeus aztecus Ives, 
1891 in the central Adriatic coast of Italy. BioInvasions Records 7: 293–296, https://doi.org/ 
10.3391/bir.2018.7.3.10 

Zenetos A, Galanidi M (2020) Mediterranean non indigenous species at the start of the 2020s: 
recent changes. Marine Biodiversity Records 13: 10, https://doi.org/10.1186/s41200-020-00191-4 

Zenetos A, Gofas S, Verlaque M, Cinar M, García Raso J, Bianchi C, Morri C, Azzurro E, 
Bilecenoglu M, Froglia C, Siokou I, Violanti D, Sfriso A, San Martin G, Giangrande A, 
Katagan T, Ballesteros E, Ramos-Espla A, Mastrototar F, Ocana O, Zingone A, Gambi M, 
Streftari N (2010) Alien species in the Mediterranean Sea by 2010. A contribution to the 
application of European Union’s Marine Strategy Framework Directive (MSFD). Part I. 
Spatial distribution. Mediterranean Marine Science 11: 381, https://doi.org/10.12681/mms.87 

Web sites, online databases and software 
Guerrero E, Abelló P, Lombarte A, Villanueva R, Ramón M, Sabatés A, Santos R (2023) 

Marine Biological Reference Collections ICM-CSIC. Version 1.31. Instituto de Ciencias del 
Mar (CSIC). Occurrence dataset, https://doi.org/10.15470/qlqqdx 

   
   

Supplementary material 

The following supplementary material is available for this article: 
Table S1. Specimens of Penaues aztecus collected at Western Mediterranean. 
This material is available as part of online article from: 
http://www.reabic.net/journals/bir/2023/Supplements/BIR_2023_Santos-Bethencourt_etal_SupplementaryMaterial.xlsx 

https://doi.org/10.3391/bir.2023.12.4.14
https://www.invasivesnet.org
https://doi.org/10.3391/bir.2018.7.1.07
https://doi.org/10.3391/bir.2017.6.1.11
https://doi.org/10.12681/mms.20602
https://doi.org/10.3391/bir.2021.10.3.14
https://doi.org/10.51756/marlife.1026198
https://doi.org/10.3391/bir.2018.7.3.10
https://doi.org/10.3391/bir.2018.7.3.10
https://doi.org/10.1186/s41200-020-00191-4
https://doi.org/10.12681/mms.87
https://doi.org/10.15470/qlqqdx
http://www.reabic.net/journals/bir/2023/Supplements/BIR_2023_Santos-Bethencourt_etal_SupplementaryMaterial.xlsx


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


