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Abstract 

Specimens of the Asiatic isopod Paranthura japonica Richardson, 1909 were retrieved 
for the first time in 2019 from two harbours situated along the Normandy coast in 
the north of France: Le Havre (295 specimens), and Cherbourg (four specimens). 
Paranthura japonica was accidently introduced for the first time in Europe in the 
Archachon Bay in 2013 through oyster transfer. This species, native to the Sea of 
Japan, may have been introduced to the English Channel through the accumulated 
fouling of the hulls of ships used primarily for recreational purposes. 

Key words: introduced species; Le Havre harbour; non-native species; fouling; Bay 
of Seine; alien isopod 

   

Introduction 

The introduction of non-indigenous species (NIS) is considered as one of 
the main threats to biodiversity as serious as habitat destruction (Roy et al. 
2019). NIS, which are also known as alien species, are those introduced to a 
region from outside their own natural environment by human agency (Essl 
et al. 2018). NIS introductions have been accelerated in recent decades by 
globalization and increasing human activities such as shipping, aquaculture, 
fisheries, and tourism (Goulletquer et al. 2002; Boudouresque and Verlaque 
2005; Galil 2008; Davidson et al. 2010; Katsanevakis et al. 2014; Galil 2008; 
Copp et al. 2016). The major introduction pathways of NIS are the flushing 
of ballast water ships and the propagation of species fouling on the hulls 
(Carlton 1985; Hewitt et al. 2009; Galil et al. 2014; Katsanevakis et al. 2013). 
Other frequently cited factors include aquaculture. In their comprehensive 
analyses taking into account a total of 1,257 NIS for the European waters, 
Katsanevakis et al. (2013) concluded that more than half of the species were 
likely introduced by shipping. Marine and inland corridors (Suez Canal for 
the Mediterranean Sea) were the second most common pathway of 
introduction followed by aquaculture and aquarium trade. Introduction by 
aquaculture showed a noticeable decrease during the last decade, 
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presumably in relation to obligatory measures implemented at a national 
or European level. NIS can cause changes, sometimes substantial, in the 
balance and functioning of the ecosystem (Larson et al. 2013; Simberloff et 
al. 2013; Copp et al. 2016). However, for the majority of NIS no quantitative 
information is yet available on the consequences of such introductions 
(Larson et al. 2013; Simberloff et al. 2013). Moreover, taxonomic difficulties 
remain with marine invertebrates and NIS, in which some of them are 
cryptic species (i.e. a complex of species, which cannot be distinguished 
morphologically). For instance, as underlined by Marchini and Cardeccia 
(2017), NIS amphipods offer a large spectrum of future taxonomic research 
between cryptogenic species, unresolved taxonomy and overlooked 
introductions. Molecular approaches such as those achieved by Pilgrim 
and Darling (2010) on two introduced biofouling amphipods (Ampithoe 
valida Smith, 1873 and Jassa marmorata Holmes, 1905) along the Pacific 
North American coast addressed identification and cryptic diversity. 

Maritime traffic along the northern French coast facing the English 
Channel has increased markedly with the development of international 
ports of Le Havre, Rouen, Dunkirk, Cherbourg and Calais harbours. In this 
shallow sea, the volume of maritime shipping represents 15.4% of the global 
total traffic (Bahé 2008). In these ports, different artificial structures are 
present such as docks, floating pontoons, dikes and marinas. All of these 
provide suitable habitats for NIS and act as stepping-stones for their 
secondary spread (Darbyson et al. 2009; Davidson et al. 2010; Mineur et al. 
2012; Airoldi et al. 2015; López-Legentil et al. 2015). 

The harbour at Le Havre was often the first site for the observation of a 
NIS in the English Channel (Breton and Vincent 1999; Ruellet and Breton 
2012; Breton 2014, 2016). Scuba diving exploration in the harbour basin 
has led to the reporting of 364 animal species of which 36 were non-native 
(Breton 2014, 2016). Amongst the NIS list for Normandy, the crustaceans 
made up the most important group including the peracarids in which 
amphipods and isopods dominated (Pezy unpublished data). Currently, 
two native Anthuroidea species of isopod are regularly observed along the 
Normandy coasts of the English Channel, mainly in estuarine waters: 
Cyathura carinata (Krøyer, 1847) and Anthura gracilis (Montagu, 1808) 
(Ruellet and Dauvin 2008). Two others Anthuroidea species of isopod were 
reported in the Channel Islands (Guernsey, Jersey), Paranthura costana 
Bate & Westwood, 1866 and Paranthura nigropunctata (Lucas, 1846). The 
NIS Anthuroidea Paranthura japonica Richardson, 1909, is originated 
from the Asian Western Pacific (Lee II and Reusser 2012), where it is 
common along the northern and southern coasts of Japan (Yamada et al. 
2007), the coasts of eastern Russia (Nunomura 1977) and those off eastern 
China (Wang et al. 2010). Recently, between 2007 and 2010, the species 
was recorded for the first time in Europe, in the Arcachon Bay on the 
eastern coast of France (Lavesque et al. 2013) and in Mediterranean Sea in 
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Figure 1. Map showing the locations of the eight marinas sampled in Normandy including 
those where Paranthura japonica was found: Le Havre (Vauban Basin) and Cherbourg. 

2010 (Ulman et al. 2017). The species was also reported, as a NIS, in the 
United States on the Pacific coastline in the San Francisco Bay, in 1993 
(Cohen and Carlton 1995) and in 2000 from Southern California (Cohen et 
al. 2005). 

Under the framework of the ENBIMANOR project (ENrichissement de 
la BIodiversité MArine en NORmandie) in Normandy France, field surveys 
were organized to record NIS in coastal marinas. One of the main goals of 
this project was to produce an inventory of all NIS present on the hard 
substrata on the floating pontoons found at eight marinas along the 
Normandy coast running from Granville in the West to Dieppe in the East 
(Figure 1). The sampling was made only in leisure port excluding fishing 
and commercial docks. This project also offered the opportunity to 
discover previously unknown NIS or recently introduced in Normandy 
(Pezy et al. 2017a, b). 

During our recent study on the recording of NIS in Normandy, 
numerous specimens of Paranthura japonica have been found in two 
Normandy harbours, Cherbourg and Le Havre. In this paper we report and 
discuss on this new NIS sighting in the English Channel. 

Materials and methods 

At eight sites around the Normandy coast (Figure 1, Supplementary material 
Table S1), samples were collected by scraping the fouling community on 
the floating pontoons forming actually the hard substratum with a frame of 
0.25 m × 0.25 m or 0.42 m × 0.15 m depending of the pontoons structure. 
Five replicates were collected from each site, each replicate corresponding 
to a sampling surface of 0.0625 m². Additionally, approximately one hour 
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was spent sampling different and distinct pontoon sections. Removed 
material was collected using a WP2 net (200 μm) in order to avoid any loss 
of marine organisms. The retrieved specimens were preserved in a 10% 
formaldehyde solution and taken to the laboratory for identification. Then 
organisms were sorted, identified and counted using a dissecting microscope 
and stored in alcohol. 

The samples herein described originated from only two of these eight 
sites: Cherbourg and Le Havre. The site at Cherbourg (located on the most 
northern part of the Cotentin peninsular) is located in the Rade of Cherbourg 
(49.647668N; 1.621454W), which is a semi-enclosed artificial harbour on 
the French side of the English Channel (Baux et al. 2017). The harbour of 
Le Havre, where specifically the dock known as the Vauban Basin was 
targeted, is located at the north side of the mouth of the river Seine 
(49.490015N; 0.123776E). 

At Cherbourg, the fouling community was composed of green, red and 
brown algae (Saccharina latissimi (Linnaeus) Lamouroux, 1813, Undaria 
pinnatifida (Harvey) Suringar, 1873), ascidian Ciona spp., Corella spp. and 
Phallusia mammillata (Cuvier, 1815), mussels (Mytilus edulis L., 1758) and 
amphipods Monocorophium acherusicum (Costa, 1853), M. sextonae 
(Crawford, 1937), Microdeutopus gryllotalpa Costa, 1853 and Melita palmata 
(Montagu, 1804). At Le Havre, the fouling community was composed of 
mussel (M. edulis), ascidians, the polychaete Serpula vermicularis L., 1767 
and some vagile epifauna with important densities of the introduced 
caprellid amphipod Caprella mutica Schurin, 1935 and the ophiurid 
Amphipholis squamata (Delle Chiaje, 1828). A total of six specimens of 
P. japonica was lodged in the crustacean collection of the National Museum 
of Natural History at Paris under collection number MNHN-IU-2014-20754. 

In both marinas, abiotic parameters were measured monthly. Seawater 
temperature showed a noticeable annual cycle with lower temperature in 
winter than in summer. Similarly, the oxygen concentration showed an 
annual cycle with lower values in summer than in winter, while the salinity 
decreased in winter only in the Vauban Basin; the turbidity was low at both 
sites and stable along the year (Table 1). During the survey (25 February 
2019), the sea temperature at the sampling station on the Vauban Basin 
was 7.2 °C, with a salinity of 26.7, a turbidity of 0.8 NTU, and an oxygen 
concentration of 7.1 mL L-1. Environmental conditions around the Cherbourg 
harbour were measured on March 1, 2019: the sea temperature at the 
sampling station was 9.2 °C, with a salinity of 33.8, a turbidity of 1.2 NTU, 
and an oxygen concentration of 6.5 mL L-1. 

Results 

Amongst the isopods found, some specimens presented a dark pigmentation 
in the form of scattered chromatophores forming regular patches on the 
dorsal part of the organism. Cephalon had an anterolateral lobes extending 
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Table 1. Abundances of Paranthura japonica at Le Havre and Cherbourg (five replicates of 
0.065 m² by site) and abiotic parameters (Win: winter; Sum: summer). 

Date Site 
Abundance 

(in m²) 

Temperature 
(°C) 

Salinity 
Turbidity 

(NTU) 
Oxygen 
(mL.L-1) 

Win Sum Win Sum Win Sum Win Sum 
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1,046 

8.6 17.2 26.8 32.1 1.3 1.9 7.2 4.7 
1,056 
896 
352 

1,328 

1 
M
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ch
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9 
Cherbourg 

harbour 

16 

9.6 17.8 34.0 33.8 0.8 1.2 6.4 4.5 
48 
0 
0 
0 

 
Figure 2. Paranthura japonica individuals, dorsal (A), profile (B) and telson (C) (MNHN-IU-
2014-20754). Scale bar: 2 mm. Photo by J.P. Pezy. 

beyond rostrum. The mid-dorsal fusion of the pleonites 1 to 5 permitted 
the distinction and identification of the European Paranthura species 
(Lavesque et al. 2013). The postero-dorsal margin of the pleonite 6 was 
slightly bilobed and a median slit extending about half the length of the 
segment. In our specimens, the pereonite 6 was shorter than pereonite 5 
and the telson (Figure 2) was linguiform, basally constricted, tapering to a 
broadly rounded, slightly truncated apex. The uropodal peduncle with 
inner margin sinuous and inner distal angle produced, exopod crenulated, 
setose, approximately 2.3 times as long as wide, notched sub-apically; endopod 
ovate, setose, barely reaching to telsonic apex. The propodal palm of 
pereopod 2 was composed of nine stout setae in larger individuals; 
propodus of pereopod 7 with two stout setae in proximal half and single 
stout seta postero-distally. The mandibular palp 3 segmented and the 
second segment was the longest, with a long sub-distal seta, the third 
segment had a row of nine to 11 robust setae. Maxillipedal palp had an 
obscure terminal article and about 10 setae on the distal half. The females 
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Figure 3. Size distribution of Paranthura japonica sampled in Normandy on 25 February at Le 
Havre (A) and 1 March 2019 at Cherbourg on pontoons (B); graphs for males and females. 

had oostegites, whereas males had a fully developed appendix masculine 
and setose antennulae. 

According to Lorenti et al. (2016), those morphological characters, enabled 
the identification of this isopod as Paranthura japonica Richardson, 1909 
(Figure 2). On the 25th of February 2019, 295 individuals of this species were 
found in samples from the pontoons at Le Havre. Later, on the 1 March 
2019, four more individuals were retrieved from pontoons in the harbour 
at Cherbourg. In both harbours, the specimens were found associated with 
mussel beds. 

On the eight marinas prospected along the Normandy coast, P. japonica 
had been observed only at Cherbourg and Le Havre (Vauban basin) sites. 

At Le Havre, the mean density of P. japonica was 944  365 individuals 
per m² with a minimum of 352 and a maximum of 1,328 individuals per m². 

At Cherbourg, the mean density of P. japonica was 13  21 individuals 
per m², ranging from none to 48 individuals per m². 

The length of the organisms collected varied between 4.0 mm and 14.3 mm 
(Figure 3). The sex ratio was 1.99 (100 females versus 199 males). The size 
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distribution revealed that the females were larger (Figure 3)—the size 
ranging from 6.1 to 14.3 mm—whereas the size of the males varied between 
4.0 and 13.1 mm. 

Discussion 

Paranthura japonica is a species that could be easily confused with the 
cosmopolitan Cyathura carinata (Kroyer, 1847), an Anthuridae present 
along the European coasts (Lavesque et al. 2013). Cyathura carinata was 
reportedly found on the 14th of March 2001 in the Vauban dock at Le 
Havre (Breton et al. 2005); however, it is possible that it was at that time 
confused with P. japonica (Breton et al. 2005). Thus, P. japonica may have 
been present at Le Havre since early 2000’s. 

Possible mode of introduction 

The harbour of Le Havre could be considered as a major source of 
introduction of NIS into the English Channel noting the large number 
already detected (Breton 2014, 2016). Furthermore, both harbours of Le 
Havre and Cherbourg are also predisposed to biological invasions since they 
exhibit several major anthropogenic activities that can be responsible for NIS 
introductions such as those relating to recreational and commercial shipping. 

At a larger spatial scale, for Ulman et al. (2017), new P. japonica 
observations in Spain and Malta increased the known distribution of 
P. japonica, revealing it as one of the most widespread NIS in the 
Mediterranean Sea. While the initial findings of P. japonica had suggested 
an association with aquaculture transfers, these new records showed that it 
most likely is a polyvectic species, which complicates the possibility of 
reconstructing its invasion trajectory (Ulman et al. 2017). 

According to Lavesque et al. (2013), P. japonica was accidently introduced 
in the Arcachon Bay in 2013 through oyster transfer. However, the absence 
of aquaculture near Le Havre, (especially oyster production), was not a 
plausible vector, as suggested by Lavesque et al. (2013). In addition, 
dispersion by currents from the Arcachon Bay is excluded, because this 
species is unable to swim over long distances and to drift by currents. 
Moreover, as commented by Lorenti et al. (2009), anthuridean isopods 
have a limited spreading capacity and are unable to extend their range over 
a global scale purely by natural means. Flushing of ballast water has been 
suggested as a possible pathway for the introduction of P. japonica along 
the Pacific coast of North America (Cohen and Carlton 1995; Cohen et al. 
2005). However, another invasive peracarid amphipod species present in 
the Vauban dock at Le Havre was the Caprellidae Caprella mutica Schurin, 
1935, another epibenthic species. The absence of both of these two NIS 
(C. mutica and P. japonica) from the entrance to the port at Le Havre, 
suggests their direct introduction in the Vauban dock by fouling. 
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Paranthura japonica was observed only at Cherbourg and Le Havre marinas, 
localities where leisure marinas, fishing and commercial harbours shared 
the same port area. As a polyvectic species, its introduction may also be 
attributed to import seafood processing in fish markets (Marchini et al. 2014). 

Recreational vessels arriving at the Vauban basin are often covered by 
several colonizing organisms, and a possible transfer of species from the 
Arcachon Bay to Le Havre harbour is possible by such pleasure boats. 
Minchin (2007) noted that some recreational boats are used to travel long 
distances, and their relatively low speeds make them ideal vectors for those 
species that attach to their hulls. Species transfer by hull fouling is the most 
likely factor for the introduction of Paranthura japonica. The same 
conclusion holds true for other isopods such as Mesanthura sp. in Italian 
harbours (Lorenti et al. 2009) and Synidotea laevidorsalis (Miers, 1881) 
(Chapman and Carlton 1994). 

Potential consequences 

In the Western Pacific, particularly along the Japan coasts, P. japonica is an 
isopod known to feed on Sargassum spp. (Nunomura 1977) and on subtidal 
Zostera spp. meadows (Nakaoka et al. 2001). In Normandy, and along the 
English Channel, these two species (Zostera marina meadows and Sargassum 
muticum) are also present. It is likely that P. japonica could have expanded 
its area of distribution since these first observations in Le Havre, where the 
population was already well established and in Cherbourg where relatively 
few specimens were collected. Further attention will be needed to the 
identification of other Anthuroidea isopods in hard natural and artificial 
substratum including macrophyte habitats bordering the English Channel 
and around other parts of the North-eastern Atlantic coasts including the 
Mediterranean Sea. 

Acknowledgements 

This study forms part of the ENBIMANOR (ENrichissement de la BIodiversité MArine en 
NORmandie) project financed by the AESN (Agence de l’Eau Seine Normandie). The authors 
wish to thank Mr Maël Deloor, (Master of Sciences student), for his help during the sampling 
programme. The authors thank also Colin Burton for the English language revision. The authors 
thank also the reviewers of their useful comments on the two first versions of this paper, and 
Philippe Goulletquer for his editing advice. 

References 

Airoldi L, Turon X, Perkol-Finkel S, Rius M (2015) Corridors for aliens but not for natives: effects of 
marine urban sprawl at a regional scale. Diversity and Distributions 21: 755–768, https://doi.org/ 
10.1111/ddi.12301 

Bahé S (2008) Evaluation du traffic maritime dans la Manche. https://atlas-transmanche.certic.unicaen.fr 
(accessed 5 June 2019) 

Baux N, Pezy JP, Bachelet Q, Baffreau A, Méar Y, Poizot E, Guyonnet B, Dauvin JC (2017) Soft 
bottom macrobenthic communities in a semi enclosed Bay bordering English Channel: The Rade 
de Cherbourg. Regional Studies in Marine Sciences 9: 106–116, https://doi.org/10.1016/j.rsma. 
2016.11.010 

Boudouresque CF, Verlaque M (2005) Nature conservation, Marine Protected Areas, sustainable 
development and the flow of invasive species to the Mediterranean Sea. Scientific Reports of 
Port-Cros National Park 21: 29–54 

https://doi.org/10.1111/ddi.12301
https://doi.org/10.1016/j.rsma.2016.11.010
https://www.invasivesnet.org


 Invasive Paranthura japonica from English Channel 

 Pezy et al. (2020), BioInvasions Records 9(2): 239–248, https://doi.org/10.3391/bir.2020.9.2.09 247 

Breton G (2014) Espèces introduites ou invasives des ports du Havre, d’Antifer et de Rouen 
(Normandie, France). Hydroécologie Appliquée 18: 23–65, https://doi.org/10.1051/hydro/2014003 

Breton G (2016) Le Cténophore invasif Mnemiopsis leidyi A. Agassiz est dans le port du Havre 
(Manche orientale) depuis septembre 2005. Bulletin trimestriel de la Société géologique de 
Normandie et des amis du Muséum du Havre 121: 48–54 

Breton G, Vincent T (1999) Invasion du port du Havre (France, Manche) par Hydroides ezoensis 
(Polycheta, Serpulidae), espèce d’origine japonaise. Bulletin trimestriel de la Société géologique 
de Normandie et des amis du Muséum du Havre 82: 33–43 

Breton G, Vincent T, Painblanc A, Duchemin A (2005) L’endofaune des bassins du port du Havre 
(Manche orientale). Bulletin de la Société géologiques de Normandie et des amis du museum du 
Havre 91: 5–18 

Carlton JT (1985) Transoceanic and interoceanic dispersal of coastal marine organisms: the biology 
of ballast water. Oceanography and Marine Biology - An Annual Review 23: 313–371 

Chapman JW, Carlton JT (1994) Predicted discoveries of the introduced isopod Synidotea 
laevidorsalis (Miers, 1881). Journal of Crustacean Biology 14: 700–714, https://doi.org/10.1163/ 
193724094X00669 

Cohen AN, Carlton JT (1995) Biological Study. Nonindigenous aquatic species in a United States 
estuary: A case study of the biological invasions of the San Francisco Bay and Delta. US Fish 
and Wildlife Service, Washington, DC, 246 pp 

Cohen AN, Harris LH, Bingham BL, Carlton JT, Chapman JW, Lambert CC, Lambert G, Ljubenkov 
JC, Murray SN, Rao LC, Reardon K, Schwindt E (2005) Rapid Assessment Survey for exotic 
organisms in southern California bays and harbors, and abundance in port and non-port areas. 
Biological Invasions 7: 995–1002, https://doi.org/10.1007/s10530-004-3121-1 

Copp GH, Godard MJ, Russell IC, Peeler EJ, Gherardi F, Tricarico E, Miossec L, Goulletquer P, 
Almeida D, Britton JR, Vilizzi L, Mumford J, Williams C, Reading A, Rees EMA, Merino-
Aguirre R (2016) A preliminary evaluation of the European Non-native Species in aquaculture 
risk assessment scheme applied to species listed on Annex IV of the EU Alien Species 
Regulation. Fisheries Management and Ecology 23: 12–20, https://doi.org/10.1111/fme.12076 

Darbyson E, Locke A, Hanson JM, Willison JHM (2009) Marine boating habits and the potential for 
spread of invasive species in the Gulf of St. Lawrence. Aquatic Invasions 4: 87–94, 
https://doi.org/10.3391/ai.2009.4.1.9 

Davidson IC, Zabin CJ, Chang AL, Brown CW, Sytsma MD, Ruiz GM (2010) Recreational boats as 
potential vectors of marine organisms at an invasion hotspot. Aquatic Biology 11: 179–191, 
https://doi.org/10.3354/ab00302 

Essl F, Bacher S, Genovesi P, Hulme PE, Jeschke JM, Katsanevakis S, Kowarik I, Kühn I, Pyšek P, 
Rabitsch W, Schindler S, Kleunen MV, Vilă M, Wilson JRU, Richardson DM (2018) Which taxa 
are alien? Criteria, Applications, and Uncertainties. BioScience 68: 496–509, https://doi.org/10.1093/ 
biosci/biy057 

Galil B (2008) Alien species in the Mediterranean Sea-which, when, where, why? Hydrobiologia 606: 
105–116, https://doi.org/10.1007/s10750-008-9342-z 

Galil BS, Marchini A, Occhipinti-Ambrogi A, Minchin D, Narščius A, Ojaveer H, Olenin S (2014) 
International arrivals: widespread bioinvasions in European Seas. Ethology, Ecology and 
Evolution 26: 152–171, https://doi.org/10.1080/03949370.2014.897651 

Goulletquer P, Bachelet G, Sauriau PG, Noël P (2002) Open Atlantic coast of Europe - a century of 
introduced species into French waters. In: Leppäkoski E, Gollasch S, Olenin S (eds), Invasive 
aquatic species of Europe. Distribution, impacts and management, Kluwer Academic Publishers, 
Dordrecht, pp 276–290, https://doi.org/10.1007/978-94-015-9956-6_30 

Hewitt CL, Gollasch S, Minchin D (2009) The vessel as a vector - biofouling, ballast water and 
sediments. In: Rilov G, Crooks JA (eds), Biological invasions in marine ecosystems. Springer, 
Berlin, Heidelberg, pp 117–131, https://doi.org/10.1007/978-3-540-79236-9_6 

Katsanevakis S, Zenetos A, Belchior C, Cardoso AC (2013) Invading European Seas: assessing 
pathways of introduction of marine aliens. Ocean & Coastal Management 76: 64–74, 
https://doi.org/10.1016/j.ocecoaman.2013.02.024 

Katsanevakis S, Wallentinus I, Zenetos A, Leppäkoski E, Çinar ME, Oztürk B, Grabowski M, Golani 
D, Cardoso AC (2014) Impacts of invasive alien marine species on ecosystem services and 
biodiversity: A pan-European review. Aquatic Invasions 9: 391–423, https://doi.org/10.3391/ 
ai.2014.9.4.01 

Larson BMH, Kueffer C ZiF (2013) Managing invasive species amidst high uncertainty and novelty. 
Trends in Ecology & Evolution 28: 255–256, https://doi.org/10.1016/j.tree.2013.01.013 

Lavesque N, Sorbe JC, Bachelet G, Gouillieux B, de Montaudouin X, Bonifacio P, Blanchet H, 
Dubois S (2013) Recent discovery of Paranthura japonica Richardson, 1909 (Crustacea: 
Isopoda: Paranthuridae) in European marine waters (Arcachon Bay, Bay of Biscay). BioInvasions 
Records 2: 215–219, https://doi.org/10.3391/bir.2013.2.3.07 

Lee II H, Reusser DA (2012) Atlas of Nonindigenous Marine and Estuarine Species in the North 
Pacific. Office of Research and Development, National Health and Environmental Effects 
Research Laboratory, EPA/600/R/12/631 

López-Legentil S, Legentil ML, Erwin PM, Turon X (2015) Harbor networks as introduction 
gateways: contrasting distribution patterns of native and introduced ascidians. Biological 
Invasions 17: 1623–1638, https://doi.org/10.1007/s10530-014-0821-z 

Lorenti M, Dappiano M, Gambi MC (2009) Occurrence and ecology of Mesanthura (Crustacea: 
Isopoda: Anthuridea) in two Italian harbours. Marine Biodiversity Records 2: e48, https://doi.org/ 
10.1017/S1755267209000542 

https://doi.org/10.1163/193724094X00669
https://doi.org/10.1093/biosci/biy057
https://doi.org/10.3391/ai.2014.9.4.01
https://doi.org/10.1017/S1755267209000542
https://www.invasivesnet.org


 Invasive Paranthura japonica from English Channel 

 Pezy et al. (2020), BioInvasions Records 9(2): 239–248, https://doi.org/10.3391/bir.2020.9.2.09 248 

Lorenti M, Keppel E, Petrocelli A, Sigovini M, Tagliapietra D (2016) The non-indigenous 
Paranthura japonica Richardson, 1909 (Isopoda: Anthuroidea: Paranthuridae) from the Mar 
Piccolo lagoon, Taranto (Italy, Mediterranean Sea). Environmental Science and Pollution 
Research 23: 791–796, https://doi.org/10.1007/s11356-015-4994-5 

Marchini A, Cardeccia A (2017) Alien amphipods in a sea of troubles: cryptogenic species, 
unresolved taxonomy and overlooked introductions. Marine Biology 164: 69, https://doi.org/10. 
1007/s00227-017-3093-1 

Marchini A, Sorbe JC, Torelli F, Lodola A, Occhipinti-Ambrogi A (2014) The non-indigenous 
Paranthura japonica Richardson, 1909 in the Mediterranean Sea: travelling with shellfish? 
Mediterranean Marine Science 15: 545–553, https://doi.org/10.12681/mms.779 

Minchin D (2007) A checklist of alien and cryptogenic aquatic species in Ireland. Aquatic Invasions 
2: 341–366, https://doi.org/10.3391/ai.2007.2.4.4 

Mineur F, Cook EJ, Minchin D, Bohn K, Macleod A, Maggs CA (2012) Changing coasts: marine 
aliens and artificial structures. Oceanography and Marine Biology 50: 189–234, https://doi.org/ 
10.1201/b12157-5 

Nakaoka M, Toyohara T, Matsumasa M (2001) Seasonal and between-substrate variation in mobile 
epifaunal community in a multispecific seagrass bed of Otsuchi Bay, Japan. Marine Ecology 22: 
379–395, https://doi.org/10.1046/j.1439-0485.2001.01726.x 

Nunomura N (1977) Marine Isopoda from Amakusa, Kyushu (I). Publications of the Amakusa 
Marine Biological Laboratory 4: 71–90 

Pezy JP, Baffreau A, Dauvin JC (2017a) Records of two introduced Penaeidae (Crustacea Decapoda) 
species from Le Havre Harbour, France, English Channel. BioInvasions Records 6: 363–367, 
https://doi.org/10.3391/bir.2017.6.4.10 

Pezy JP, Shahdadi A, Baffreau A, d’Udekem d’Acoz C., Schubart CD, Dauvin JC (2017b) An 
unexpected record of an African mangrove crab, Perisesarma alberti Rathbun, 1921, (Decapoda: 
Brachyura: Sesarmidae) in European waters. Marine Biodiversity Records 10: e33, https://doi.org/ 
10.1186/s41200-017-0135-9 

Pilgrim EM, Darling JA (2010) Genetic diversity in two introduced biofouling amphipods (Ampithoe 
valida & Jassa marmorata) along the Pacific North American coast: investigation into molecular 
identification and cryptic diversity. Diversity and Distributions 16: 827–839, https://doi.org/10. 
1111/j.1472-4642.2010.00681.x 

Ruellet T, Breton G (2012) VIP: Vie Introduite dans les Ports. Rapport GIP Seine-Aval, Rouen, 
France, 417 pp 

Ruellet T, Dauvin JC (2008) Biodiversité des invertébrés aquatiques de la partie orientale de la baie 
et de l’estuaire de Seine: la base de données CISA, deux siècles d’observations. Comptes Rendus 
Biologies 331: 481–488, https://doi.org/10.1016/j.crvi.2008.04.004 

Roy HE, Bacher S, Essl F, Adriaens T, Aldridge DC, Bishop JDD, Blackburn TM, Branquart E, 
Brodie J, Carboneras C, Cottier-Cook EJ, Copp GH, Dean HJ, Eilenberg J, Gallardo B, Garcia 
M, García-Berthou E, Genovesi P, Hulme PE, Kenis M, Kerckhof F, Kettunen M, Minchin D, 
Nentwig W, Nieto A, Pergl J, Pescott OL, Peyton JM, Preda C, Roques A, Rorke SL, Scalera R, 
Schindler S, Schönrogge K, Sewell J, Solarz W, Stewart AJA, Tricarico E, Vanderhoeven S, van 
der Velde G, Vilà M, Wood CA, Zenetos A, Rabitsch W (2019) Developing a list of invasive 
alien species likely to threaten biodiversity and ecosystems in the European Union. Global 
Change Biology 25: 1032–1048, https://doi.org/10.1111/gcb.14527 

Simberloff D, Martin JL, Genovesi P, Maris V, Wardle DA, Aronson J, Courchamp F, Galil B, 
García-Berthou E, Pascal M, Pyšek P, Sousa R, Tabacchi E, Vilà M (2013) Impacts of biological 
invasions: what’s what and the way forward. Trends in Ecology & Evolution 28: 58–66, 
https://doi.org/10.1016/j.tree.2012.07.013 

Ulman A, Ferrario J, Occhpinti-Ambrogi A, Arvanitidis C, Bandi A, Bertolino M, Bogi C, 
Chatzigeorgiou G, Ҁiҁek BA, Deidun A, Ramos-Esplá A, Koҁak C, Lorenti M, Martinez-Laiz G, 
Merlo G, Princisgh E, Scribano G, Marchini A (2017) A massive update of non-indigenous species 
records in Mediterranean marinas. PeerJ 5: e3954, https://doi.org/10.7717/peerj.3954 

Wang CF, Ren XQ, Xu RL (2010) Composition, abundance, and diversity of the Peracarida on 
different vegetation types in the Qi’ao-Dan’gan Island Mangrove Nature Reserve on Qi’ao Island 
in the Pearl River estuary, China. Zoological Studies 49: 608–615 

Yamada K, Hori M, Tanaka Y, Hasegawa N, Nakaoka M (2007) Temporal and spatial macrofauna 
community changes along a salinity gradient in seagrass meadows of Akkeshi-ko estuary and 
Akkeshi Bay, northern Japan. Hydrobiologia 592: 345–358, https://doi.org/10.1007/s10750-007-
0767-6 

   
   

Supplementary material 

The following supplementary material is available for this article: 
Table S1. Geographic coordinates of sampling sites. 

This material is available as part of online article from: 
http://www.reabic.net/journals/bir/2020/Supplements/BIR_2020_Pezy_etal_Table_S1.xlsx 

https://doi.org/10.1007/s00227-017-3093-1
https://doi.org/10.1201/b12157-5
https://doi.org/10.1186/s41200-017-0135-9
https://doi.org/10.1111/j.1472-4642.2010.00681.x
https://www.invasivesnet.org


<<
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /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


