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Abstract

Accurate knowledge of the global distribution of non-indigenous species (NIS) is essential for understanding their invasion dy-
namics and for implementing timely management measures. This study reports the first records of the marine amphipod Aoroides
longimerus, putatively native to the East Asian coast, in Italy (2018), Spain (2019) and Tunisia (2022) and provides the earliest
documented record of the species in its introduced European range (Portugal, 2011). Furthermore, it expands the species’ known
distribution in mainland Portugal (including the northernmost record), Macaronesia (with first records in the Canary Islands and
Madeira), and confirms its presence along the Atlantic coasts of France and the Netherlands. Aquaculture facilities, particularly
those associated with oyster farming, are probably the primary vector of introduction, while recreational boating may have con-
tributed significantly to secondary dispersal. In comparison to other exotic amphipods, A. longimerus remains absent from many
marinas, ports and/or aquaculture facilities in the Mediterranean Sea and adjacent regions, such as the Red Sea. This suggests that
the species may still be in the early stages of expansion, or that its dispersal ability across marinas and ports is more limited than
that of other amphipods. The present study, however, highlights several key ecological traits of 4. longimerus: (i) it can survive
year-round despite seasonal fluctuations, and reach high local densities, (ii) it exhibits strong colonisation capacity, as shown by its
rapid establishment on settlement plates, and (iii) it displays opportunistic feeding behaviour, primarily consuming detritus. These
characteristics underscore the importance of continuous surveillance and effective communication with stakeholders to prevent
further expansion of this species.

Keywords: early detection; non-indigenous; Amphipoda; taxonomic expertise; scientific collaboration; aquaculture; recreational
boating.

Introduction & Cardeccia, 2017; Sun et al., 2017). Unfortunately, the
lack of biogeographical information and historical re-

To properly understand how non-indigenous species cords, funding constraints, long detection and reporting
(NIS) affect marine ecosystems, comprehensive knowl- time lags (Zenetos ef al., 2019), limited long-term mon-
edge of their global distribution is essential (Marchini itoring programmes, and scarcity of taxonomy experts
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prevent adequate NIS management (Guerra-Garcia et
al., 2023 and references therein). Although most efforts
have been focused on conspicuous or medium and large-
sized organisms with evident economic and/or ecological
impacts (Cuthbert et al., 2021), interest in updating the
distribution of smaller vagile invertebrates, such as am-
phipods, has increased in recent years.

Among vagile fauna, peracarid crustaceans repre-
sent an ecologically highly relevant group due to their
widespread occurrence and sensitivity to environmen-
tal changes. For instance, they have been proposed as
a target group for assessing levels of biocontamination
(Saenz-Arias et al., 2022a). Within peracarids, amphi-
pods stand out as one of the most interesting taxa due to
their dominance in marine habitats, their ability to inhabit
fouling communities, and their potential to be transport-
ed on vessel hulls (Bell, 1991; Arfianti & Costello, 2020;
Martinez-Laiz et al., 2022; Saenz-Arias et al., 2022b).
Recent collaborative efforts have been undertaken to
update the distribution of these small, often overlooked
amphipods which have been quickly spreading through-
out their introduced range (e.g., Beermann et al., 2020;
Martinez-Laiz et al., 2020; Guerra-Garcia et al., 2023).

Aoroides longimerus was originally described by
Ren & Zheng (1996) from the coast of China. Later, Ari-
yama (2004) recorded this species along the Japanese
coast. Since all species within the genus Aoroides have
been described from coastal regions of the Pacific Ocean
(WoRMS Editorial Board, 2025), this region can be con-
sidered its native distribution range. Furthermore, Ari-
yama (2004) proposed that 4oroides may have originated
from the genus Aora Kroyer, 1845 in the Southwest Pa-
cific and then dispersed northward before spreading into
the East Pacific. To our knowledge, 4. longimerus has
only been recorded in China and Japan within its native
range.

Outside this putative native range, Gouillieux et al.
(2015) found specimens of A. longimerus from subtidal
slipper limpet Crepidula fornicata Linnaeus, 1753 beds
and Zostera marina Linnaeus, 1753 meadows in Ar-
cachon Bay, as well as from floating pontoons in the Bay
of Brest, western France, in 2013 and 2014. They also
reported two other Aoroides species in European waters,
namely A. semicurvatus Ariyama, 2004 and 4. curvipes
Ariyama, 2004 in Arcachon Bay, located in the south-
ern Bay of Biscay. This was the first record of the genus
Aoroides in European marine waters. Aoroides longi-
merus was also detected in the Azores in 2013 (Castro
et al., 2022) and was first recorded in the Mediterranean
in 2015, inhabiting hull fouling in Port Camargue mari-
na, France (Ulman et al., 2017). More recent records in
the NE Atlantic include mainland Portugal in 2019 (CIE-
MAR, 2021) and the eastern English Channel, France
(Dauvin et al., 2020). In 2020 and 2021, several spec-
imens were also found inhabiting fouling communities
in Delta marina and in Geersdijk harbour in the south-
ern Netherlands (Faasse & Gittenberger, 2021). These
scattered reports of 4. longimerus in Europe outside the
native range, covering extensive parts of Europe, have
raised important questions about the true extent of its

844

distribution in the Atlantic Ocean and the Mediterrane-
an Sea, as well as the invasion dynamics that might be
occurring in other regions. The exchange of information
on the occurrence of A. longimerus among researchers
has encouraged the re-examination of previously collect-
ed samples and motivated new sampling efforts, to better
understand whether the species is spreading across the
Mediterranean, the East Atlantic and elsewhere globally.

Building upon this collaborative approach, the present
study specifically aims to: (i) update the global distribu-
tion of 4. longimerus, including new records, (ii) provide
taxonomic and ecological knowledge, including morpho-
logical and genetic data, from both native and introduced
populations; (iii) characterise its diet (as a proxy for feed-
ing habits); and (iv) discuss its invasion dynamics, poten-
tial introduction and spreading vectors.

Material and Methods
Sampling surveys and species identification

Several sampling surveys were carried out by different
research teams between 1964 and 2024 (Table 1, Table
S1). The geographic coverage of these surveys spanned
across the Atlantic Ocean (Netherlands, France, Portugal
and Spain, including the Macaronesian Islands), the Med-
iterranean Sea (Spain, Morocco, France, Tunisia, Italy,
Croatia and Greece), the Red Sea (Saudi Arabia), and the
Indo-Pacific Ocean (Saudi Arabia, Japan and Australia).
Samples were mostly collected from artificial substrates
in marinas (mainly pontoons, ropes and buoys), but also
in ports, on boat hulls, in aquaculture facilities, and occa-
sionally from natural habitats, such as subtidal or shingle
beaches and coral reefs. Different sampling techniques
were used, including the collection of biogenic substrates
(basibionts), scrapings of fouling communities, deploy-
ment of PVC settlement plates, and Rapid Assessment
Surveys (RAS) among others. After collection, most
samples were fixed with 70-96% ethanol (occasionally
with 4% formalin seawater solution), sieved with a mesh
size between 0.5 and 1 mm, sorted and examined for the
presence of A. longimerus. In some cases, DNA metabar-
coding approach was used to screen for the presence of
A. longimerus from environmental samples including bi-
ofouling and water samples (see Text S1 for a detailed
description of all sampling techniques by country/area).

Morphological identification of Aoroides specimens
was based on key characters established by Barnard &
Karaman (1991): (i) accessory flagellum of antenna 1
absent or vestigial, (i) mandibular palp article 3 recti-
linear (except for 4. palfreyensis Myers, 2009 and 4. vi-
tiosus Myers, 1995, which lack a mandibular palp), (iii)
gnathopod 1 of males merochelate, (iv) gnathopod 2 not
carpochelate, and (v) uropod 3 biramous (see Gouillieux
et al., 2015). The diagnostic characters for the species
A. longimerus were based on Ren & Zheng (1996) and
Ariyama (2004) (see also taxonomic remarks in the dis-
cussion section). It is important to note that the keys for
identifying Aoroides species are currently proposed for
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Table 1. Global distribution records of Aoroides longimerus Ren & Zheng, 1996. Records from its putative introduced range are
shaded. The earliest record for the country is marked in bold. Asterisk (*) indicates the presence of at least one DNA sequence in
this study. Atl: Atlantic coast; Med: Mediterranean coast.

Date Country Localities Habitat/substrates References

Aug 1979-Aug 1980 Japan Kodomari, Takahama Town, Fukui  Alga Sargassum sp. Ariyama, 2022;
Prefecture present study

Jul 1981-Mar 2021  Japan Hannan City, Osaka Bay, Osaka Algae, pontoon, artificial Ariyama, 2022;
Prefecture seaweed present study

Apr 1982-Mar 2000 Japan Misaki Town, Osaka Bay, Osaka Algae, sponges, bryozoans, Ariyama, 2022;
Prefecture hydrozoans, experimental ~ present study

blocks, artificial seaweed,
sandy-mud bottom

9 Jul 1988 Japan Off Tanigawa in Misaki, Osaka Bryozoans, 7 m depth Ariyama, 2004
Prefecture (34.31667° N, 135.11667°
E)

10 May 1989 Japan Off Tanigawa in Misaki, Osaka Brown alga Sargassum Ariyama, 2004
Prefecture Sfilicinum

28 Apr 1991 Japan Outside of the mouth of the Onosato Pebble beach Ariyama, 2004
River in Han ‘nan, Osaka Prefecture

1 Jul 1992 China Dayawan, Guangdong province Fouling communities Ren & Zheng, 1996;
(TYPE LOCALITY) Ren, 2006

18 Mar 1994 Japan Off Tanigawa in Misaki, Osaka Ascidian Halocynthia Ariyama, 2004
Prefecture dumosa, 5 m depth

28 Aug 1995 Japan Off Tanigawa in Misaki, Osaka Hydroid Aglaophenia Ariyama, 2004

May 1996-April 2006 Japan

10 Jul 1996

Apr 1997, Aug 2010
Dec 1998-Jun 2009
Aug 2001

Aug 2008

May 2020

9 May 2011

2013

Jul 2013

Jun-Jul 2014

Aug 2014, 2 Jun
2022, 24 Sep 2024

Oct 2014

Japan
Japan
Japan
Japan
Japan
Japan

Portugal

Portugal

France (Atl)
France (Atl)

France (Atl)

France (Atl)

Prefecture

Sennan City, Osaka Bay, Osaka
Prefecture

Tanigawa in Misaki, Osaka
Prefecture

Shirahama Town, Wakayama
Prefecture

Izumisano City, Osaka Bay, Osaka
Prefecture

Himagajima Is. and Nezumijima Is.,
Mikawa Bay, Aichi Prefecture

Ena, Yura Town, Wakayama
Prefecture

Mihogaseki, Matsue City, Shimane
Prefecture

Cascais marina (38.69094° N,
9.41855° W), Sines marina
(37.95053° N, 8.86511° W)

Sao Miguel, Azores

Courbey, Arcachon Bay (44.66667°
N, 1.20000° W )

Thiers, Arcachon Bay (44.65000° N,
1.16667° W)

Chateau marina, Bay of Brest
(48.36667° N, 4.48333° W,
48.37908° N, 4.48950° W) *

Arguin, Arcachon Bay (44.56667° N,

1.23333° W)

whiteleggei, 2 m depth

Sponges, algae, experimental Ariyama, 2022;

blocks, buoys

Experimental board for
fouling organisms, 1 m depth

Algae, experimental blocks
Algae

Algae, sandy-mud bottom,
shell bottom

Sponges
Bryozoan

Bryozoan Bugula neritina,
floating pontoons

Hull fouling

Zostera marina meadow,
2 m depth

Slipper limpet bed,

5 m depth

Fouling communities on
floating pontoons,

1 m depth, among B. neritina

Pacific oyster reef, 0.1 m
depth

present study
Ariyama, 2004

Ariyama, 2022;
present study
Ariyama, 2022;
present study
Ariyama, 2022;
present study
Ariyama, 2022;
present study
Ariyama, 2022;
present study
Present study

ICES, 2018, DQEM,
2020, Castro et al.,
2022

Gouillieux et al., 2015

Gouillieux et al., 2015

Gouillieux et al.,
2015; present study

Gouillieux et al., 2015

Mediterr. Mar. Sci., 26/4, 2025, 842-859
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Table 1 continued

Date Country Localities Habitat/substrates References
May 2015 Japan Takasu, Kurashiki City, Seto Inland  Seagrass Zostera Ariyama, 2022;
Sea, Okayama Prefecture present study
May 2015 Japan Izu-6shima Island, Tokyo Prefecture Sponges Ariyama, 2022;
present study
16-28 May 2015 France (Med) Le Grau-du-Roi, Port du Plaisance  Hull fouling Ulman et al., 2017

du Port Camargue marina (43.51500°

N, 4.13200° E)

Jul 2018-Jul 2022 Italy Santa Teresa marina (44.08167° N,  Fouling communities on Present study
9.881978°E) PVC plates
30 Jan 2019, 25 Jun Portugal Quinta do Lorde marina (32.74169° Fouling communities on Present study
2024 N, 16.71191° W), Madeira * PVC plates and artificial
structures, 1-1.5 m depth
12 Feb 2019, Jun France (Atl) Granville marina, Normandy Fouling communities on Dauvin et al., 2020;
2021-Oct 2022 (48.83339° N, 1.60020° W) pontoons, piles and PVC present study
plates
25 Feb 2019 France (Atl) Bassin Vauban marina, Le Havre, Fouling communities on Dauvin et al., 2020;
Normandy (49.49004° N, 0.12375°  pontoons, piles and PVC present study
E) plates
1 Mar 2019, Jun France (Atl) Cherbourg marina, Normandy Fouling communities on Dauvin et al., 2020;
2021-Oct 2022 (49.64782° N, 1.62171° W) * pontoons, piles and PVC present study
plates
16 Apr 2019 France (Atl) Saint-Vaast-La-Hougue Brown alga Sargassum Dauvin et al., 2020
(49.57298°N, 1.27139° W) muticum
Apr-Aug 2019* Spain (Atl) Ria de Vigo: Cangas marina Fouling communities on Present study
(42.26089° N, 8.78379° W), Davila PVC plates
marina (42.23362° N, 8.74283°
W), Moaiia port (42.27610° N,
8.73481° W), Museo del Mar
harbour (42.22482° N, 8,76865° W),
Nattico port (42.24225° N, 8.72229°
W), Toralla harbour (42.20196°
N, 8.79850° W), Cies floating pier
(42.22632° N, 8.89959° W)
2019, 2021, 2022, Portugal Porto de Sines (marina and Fouling communities on CIEMAR, 2021, 2025;
2023 commercial port terminals) PVC plates present study
(37.95198° N, 8.88690° W;
37.95040° N, 8.86672° W; 37.93850°
N, 8.86415° W; 37.93697° N,
8.84805° W)
9,23 Oct 2020, 5 Netherlands Kortgene, Delta marina, Lake Pontoons Faasse & Gittenberger,
Sep 2024 Veere (51.55192° N, 3.81062° E; 2021; present study
51.552183°N, 3.81172° E)
28 May 2021 Netherlands ~ Geersdijk jetty of port, Lake Veere  Fouling communities Faasse & Gittenberger,
(51.55468°N, 3.76229° E) 2021
Jul 2021-Jul 2022 Italy Le Grazie marina (44.06751° Fouling communities on Present study
N, 9.83570° E), Fezzano marina PVC plates
(44.08022° N, 9.82732° E),
Portovenere (44.050961° N,
9.834921°E)
Sep 2021 Portugal Costa Nova marina, Sailing Club Fouling communities on Present study
(40.61989° N, 8.74832° W), Aveiro  pontoons
Oct 2021 Portugal Setubal Fishing Port (38.51969° N,  Fouling communities on Present study
8.89999° W), Sado estuary pontoons
Continued
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Table 1 continued

Date Country Localities Habitat/substrates References
Dec 2021, Jan 2022  Spain (Atl)  Mussel farm, Ria de Vigo (42.27556° Fouling communities on Present study
N, 8.72495° W) aquaculture facilities
9 May 2022, 12 Jun France (Atl) Roscoff marina (48.71596° N, Fouling communities on Present study
2023, 13 Sep 2023, 3.96635° W; 48.71523° N, 3.96705° pontoons and ropes
18 Oct 2024 W) *
May-Jun 2022 France (Atl) Trébeurden marina (48.77032° N,  Fouling communities on Present study
3.58702° W) *, Saint Quay marina  pontoons
(48.64712° N, 2.82010° W), Saint
Malo marina (48.63889° N, 2.02592°
W) *, Concarneau marina (47.87008°
N, 3.91421° W), Le Havre marina
(49.48847° N, 0.09561° W), Piriac
marina (47.38256° N, 2.54365° W) *
Sep 2022 Portugal Alcantara marina (38.70141° N, Fouling communities on Present study
9.17107° W), Tagus estuary pontoons
Oct 2022 France (Atl) Dieppe marina, Normandy Fouling communities on Present study
(49.92797° N, 1.08197° W) pontoons, piles and PVC
plates
Oct 2022 Tunisia Stax fishing port (34.72083° N, Alga Ulva sp. on muddy Present study
10.76264° E) sediments 2-6 m depth
27 Jan 2023 Spain (Atl)  Garachico marina (28.37359° N, Fouling communities on Present study
16.75579° W), Tenerife, Canary pontoons, ropes and buoys
Islands *
28 Jan 2023, 19 Jun Spain (Atl)  Las Galletas marina (28.00715° N,  Fouling communities on Present study
2023 16.66107° W), Tenerife, Canary pontoons, ropes and buoys,
Islands including the bryozoan
Virididentula dentata
Mar-Nov 2023 Tunisia Skhira fishing port (34.28728° N, Algae Ulva spp. on muddy  Present study
10.09555° E) sediments, 3-5 m depth
28 Jun 2023 Spain (Atl)  Gran Tarajal marina (28.20616° Bryozoan Virididentula Present study
N, 14.02637° W), Fuerteventura, dentata
Canary Islands
14 Aug 2023 France (Med) Barcares, Gulf of Lion (42.81000° N, Fouling communities on Present study
3.01900° E) pontoons
28 Sep 2023 France (Med) Leucate harbour, Gulf of Lion Fouling communities on Present study
(42.87000° N, 3.04660° E) pontoons
Mar-Apr 2024 Tunisia Kneiss Islands (34.37438° N, Intertidal meadows of Present study
10.29865° E) Zostera noltii and Halophila
stipulacea
25 Jun 2024 Japan Hakotsukuri, Hannan City, Osaka  Algae Present study
Prefecture (34.34305° N, 135.20250°
E) *
Jun-Jul 2024 France (Atl) Dinard, Brittany (48.63830° N, Fouling communities Present study
2.02660° W)
6 Aug 2024 France (Atl) Arcachon harbour, Arcachon Bay Fouling communities on Present study

(44.65970° N, 1.15190° W)

pontoons

adult males. Females and juveniles of different Aoroides
species can exhibit significant morphological similarity,
making identification difficult in the absence of males.
Voucher specimens of A. longimerus are deposited
in the Museo Nacional de Ciencias Naturales, Madrid
(MNCN) and Muséum national d’Histoire Naturelle Par-
is (MNHN) (see Table S2 for detailed information on the
voucher specimens, including Museum Catalogue num-

Mediterr. Mar. Sci., 26/4, 2025, 842-859

bers, sampling locations, coordinates, collection dates,
substrates, and numbers of specimens deposited).

Individual specimens barcoding: DNA isolation, ampli-
fication and alignment

Total DNA was extracted from two pleopods per
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specimen (or the whole pleosome for specimens smaller
than 3 mm), adapting the protocol from Casquet et al.
(2012). Out of 107 specimens planned to be sequenced,
DNA was successfully extracted and amplified only from
25 (Table S3). Many of the specimens were indeed old
or not properly preserved for subsequent DNA analyses.
All specimens are available at the University of Lodz in
the invertebrate collection of the Department of Inverte-
brate Zoology and Hydrobiology. Amplifications of both
the mitochondrial DNA cytochrome ¢ oxidase subunit 1
(CO1) and 16S rRNA genes were carried out using the
primers sets LoboF1 and LoboR1 (Lobo et al., 2013),
and 16STf (Macdonald et al., 2005) and 16Sbr (Palumbi,
1996), respectively. Amplifications were performed in a
15 pl reaction volume mix containing 7.5 pl DreamTaq
Green PCR Master Mix (2X), 1.2 ul forward and reverse
primers (5 uM), 1 pl template DNA, and nuclease-free
water to a final volume of 15 pl, using the polymerase
chain reaction (PCR) program described in Hou et al.
(2007). PCR products were sequenced bidirectionally
using the same primers sets used for amplification by
Macrogen Europe (Amsterdam, The Netherlands). Raw
sequences were trimmed using Geneious R11.0 (https://
www.geneious.com), and consensus sequences were
aligned using ClustalW (Larkin ef al., 2007) with default
parameters. CO1 sequences were then visually inspected
for stop codons and/or indels to avoid including pseu-
dogenes in the analyses. All the obtained sequences were
deposited in the BOLD project and dataset: ALONG and
DS-AORLONG respectively (www.boldsystems.org,
Ratnasingham et al., 2024; Table S3).

Phylogenetic analyses

To determine the phylogenetic placement of the col-
lected specimens and ascertain their membership to the
target species, CO1 and 16S datasets were analysed in-
dependently. The sequences of other Aoroides species
retrieved from public repositories, were used as out-
groups: three CO1 sequences of Aoroides intermedius
Conlan & Bousfield, 1982 from BOLD (BCAMP255-08,
BCAMP102-08, NJCGS736-10), three CO1 of Aoroides
columbiae Walker, 1898 species complex from GenBank
(MG936292.1, MG317304.1, JX545451.1) (Clark et
al., 2016), and two 16S of A. columbiae from GenBank
(JX545420.1, JX545421.1) (only sequences available).
The final alignments consisted of 660 bp for CO1 and
425 bp for 16S. These alignments were used to calculate
intra- and interspecific pairwise genetic distances (Kimu-
ra 2 parameters- K2P- with 999 bootstrap replicates) in
MEGA 11 (Tamura et al., 2021) and run a maximum like-
lihood phylogenetic analysis through PhyML (1000 boot-
strap replicates; Guindon et al., 2010). The best substi-
tution models (HKY85 + G for CO1 and HKY85 + I for
16S) were tested with the Smart Model Selection (SMS)
routine in PhyML using Bayesian information criteria
(BIC) as optimality criteria (Lefort e al., 2017). To better
investigate the molecular variation among the specimens
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sequenced, a median-joining haplotype network was built
using the PopART v1.7 software. For building the net-
work, the sequences were further trimmed (i.e., 564 and
300 bp for CO1 and 16S, respectively) to exclude missing
bases at both ends.

Gut contents analysis

To characterise the diet of 4. longimerus, a total of
125 specimens collected from marinas of the Iberian
Peninsula were examined: Sines (May 2011, n = 3 speci-
mens), Cascais (May 2011, n = 20), Cangas (April 2019,
n = 15; August 2019, n = 15), Davila (April 2019, n =
12; August 2019, n = 20), and Moafia (April 2019, n =
20; August 2019, n = 20). Dietary analysis followed the
methodology proposed by Bello & Cabrera (1999), previ-
ously used for amphipod gut content characterisation (see
details in Guerra-Garcia et al., 2014).

Results

New records of Aoroides longimerus in its introduced
range

Examination of old specimens in the collections ena-
bled us to provide the earliest known record of the spe-
cies in its introduction range, namely 2011 in Portugal
(Cascais and Sines marinas) (Table 1). The present work
also provides the first records of Aoroides longimerus in
Italy (2018), Spain (2019) (Fig. 1) and Tunisia (2022),
and reports an expansion of its known distribution in
mainland Portugal (including the northernmost record)
and Macaronesia (with first records for the Canary Is-
lands and Madeira). Additionally, it also confirms the
presence of the species in the Atlantic coasts of France
and the Netherlands. Therefore, to date, the introduced
range of A. longimerus encompasses five ecoregions
(North Sea, Celtic Sea, South European Atlantic Shelf,
Azores Canaries Madeira and Western Mediterranean)
of three biogeographical provinces (Northern European
Seas, Lusitanian and Mediterranean Sea), according to
Spalding et al. (2007).

A total of 161 specimens were collected from four
Italian marinas in the Gulf of La Spezia (Le Grazie: 15,
Santa Teresa: 79, Fezzano: 26, Portovenere: 41). The
species was already present in Santa Teresa marina since
July 2018, which represents the first record for Italy (Ta-
ble 1). In the other three marinas, the species was found
in 2021 and 2022 but was absent from 2018 to 2020.

In Ria de Vigo, Galicia, NW Spain, 1,841 specimens
of A. longimerus (Fig. 1), were found among 20,872 am-
phipods examined from fouling PVC plates (Table 1), rep-
resenting 8.82% of the total amphipod abundance (TA).
This is the first record of the species in Spain. doroides
longimerus was present at all locations in both sampling
periods (three and nine months after deployment, corre-
sponding to April and August 2019), but its abundance
was lower in the early stages of macrofouling community
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Fig. 1: Lateral view of male (Moafia marina, Galicia, NW Spain, April 2019) and female (Cies, Galicia, NW Spain, August 2019)
specimens of Aoroides longimerus Ren & Zheng, 1996. Details of male gnathopod 1 (Gn1) showing the plumose setae on the coxa,
mandible (Md) showing the mandibular palp and uropods (U) 1-3, with a detailed view of U3.

development (April 2019: 223 individuals, 2.54% of TA)
than in more mature communities (August 2019: 1,618
individuals, 13.39% of TA). These individuals were dis-
tributed as follows: 119 individuals in Cies (23 in April,
96 in August), 197 in Cangas (22 in April, 175 in August),
330 in Davila (10 in April, 320 in August), 862 in Moafia
(139 in April, 723 in August), 48 in Museo del Mar (9 in
April, 39 in August), 145 in Nautico (13 in April, 132 in
August) and 140 in Toralla (7 in April, 133 in August).
Additionally, 40 specimens of A. longimerus were col-
lected from a mussel farm in the Ria de Vigo between
December 2021 and January 2022 (Table 1).

In 2011, A. longimerus was found in two (within con-
tinental Portugal) of the 42 marinas sampled along the
Iberian Peninsula and North Africa, representing the ear-
liest records of the species in its introduced range. Twen-
ty one individuals were found in Cascais, while three
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were recorded in Sines (Table 1). Aoroides longimerus
was present in the Port of Sines and its associated mari-
na in subsequent sampling events (2019, 2021, 2022 and
2023). The species was absent from marinas in the south-
ern Iberian Peninsula surveys in 2017 and 2019 (Table
S1). However, a sizable population (69 specimens col-
lected) was found inhabiting the Alcantara marina in the
Tagus estuary, Portugal (September 2022). The present
study also documents a single male specimen in the Sado
estuary (Setubal Fishing Port). The finding in Costa Nova
marina, Aveiro (three specimens), represents the north-
ernmost record for mainland Portugal.

Although A. longimerus had been previously reported
in Macaronesia (Azores, 2013), this study provides the
first records for Madeira (2019) and the Canary Islands
(2023) (Table 1). In Madeira, the species (ca. 20 speci-
mens) was collected in Quinta do Lorde marina, where
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it was also present during a sampling programme in June
2024 (>100 specimens identified). Five adult specimens
were collected from marinas of Canary Islands (Table 1),
confirming the presence of the species on two islands:
Tenerife (Garachico and Las Galletas marinas) and
Fuerteventura (Gran Tarajal marina).

In Tunisia, 43 specimens were collected from the
fishing ports of Sfax and Skhira (Table 1). They were as-
sociated with algae (Ulva spp.) on muddy sediments at
depths of 2-6 metres. The specimens found in Sfax (Gulf
of Gabes) in October 2022 represent the first record for
Tunisia and the southernmost record in the Mediterrane-
an Sea. Between March and April 2024, 16 specimens
were found inhabiting natural intertidal Zostera noltii
Hornemann, 1832 meadows of the Kneiss Islands (Gulf
of Gabes) (Table 1).

A total of 6,393 specimens of A. longimerus were
collected from four marinas in Normandy, France (Gran-
ville, Cherbourg, Le Havre and Dieppe) between June
2021 and October 2022, representing ca. 10% of the total
amphipod abundance in fouling communities. Aoroides
longimerus was previously recorded in the region in 2019
(Table 1; Dauvin et al., 2020). More than 100 specimens
were also collected from marinas in Brittany, France
(May 2022-October 2024) (Table 1). The present study
also supports the establishment of the species along the
Gulf of Lion in the Mediterranean coast of France (Table
1).

In the Netherlands, the species was first recorded in
Lake Veere in 2020. This study confirms its presence four
years later in Delta marina, Korgene in September 2024
(Table 1).

Despite extensive sampling efforts conducted to char-
acterise fouling communities in marinas, ports and aq-
uaculture facilities in Morocco, Croatia, Greece, Saudi
Arabia, and Australia, the species has not yet been found
in these countries (Table S1).

Within the introduced area, the body length of adult
specimens of A. longimerus ranged from 1.8 to 5.1 mm
(males, n = 179) and 1.8 to 5.5 mm (females, n = 170),
with the larger sizes corresponding to ovigerous females.
Size data from different countries showed similar meas-
urements across global populations. French specimens
were, however, slightly larger than those from other pop-
ulations; Northwestern Spain: 1.8-3.7 mm (males, n = 50)
and 2.1-4.4 mm (females, n = 50), mainland Portugal:
2.6-3.6 mm (males, n = 20) and 2.2-3.9 mm (females, n
= 20), Madeira: 1.9-3.4 mm (males, n = 20) and 1.9-4.3
mm (females, n = 20). France (Brittany and Normandy):
2.3-5.1 mm (males, n = 62) and 1.8-5.5 mm (females, n =
48), Tunisia: 2.8-4.3 mm (males, n =27) and 2.9-4.4 mm
(females, n = 32).

Phylogenetic analyses
The average genetic distance among A. longimerus
sequences was 2.1% (SE: 0.4) for CO1, and 1% (SE: 0.2)

for 16S. It is noteworthy than one CO1 sequence from
a specimen collected in Hakotsukuri, Hannan City, Osa-
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ka Prefecture Japan (AORLONS6) (Table S3) displayed
a greater molecular divergence, with a maximum dis-
tance of 6.5% from the most divergent haplotype. For
COl, the average distance to the specimens belonging to
the congeneric species that were used as outgroups was
18.8% and 19.3% for the species complex A. columbiae
and A. intermedius, respectively (Table S4). For 168S, the
average distance to A. columbiae was 8.6% (Table S5).
Phylogenetic trees clustered all 4. longimerus sequenc-
es together, as compared to the outgroups (Figs. 2 and
3). Haplotype networks showed, for 16S, two haplotypes
shared between the native (Japan) and the introduction
ranges (Canary Islands and France) and one haplotype
shared between two locations within the introduction
range (Madeira and France) (Fig. 3). For CO1, no hap-
lotypes were shared between the sequenced specimens,
as would be expected given the high polymorphism of
the marker. The haplotype network illustrates well the
substantial divergence of the Japanese specimen AOR-
LONS&6, as observed in the phylogenetic tree. Specimens
from Madeira were more similar to each other (two to
11 mutational steps) than to specimens from other intro-
duced populations (France and Canary Islands, min. 14
mutational steps).

Habitat use and dietary analysis

Within its introduced range, 4. longimerus was main-
ly found on fouling communities of marinas during the
present study (Table 1). In Portugal, it was associated to
the bryozoan Bugula neritina (Linnaeus, 1758) on float-
ing pontoons. In Spain, specimens were found inhabiting
fouling communities on PVC plates, aquaculture facili-
ties, and pontoons, ropes and buoys of marinas; in Canary
Islands it was associated with the bryozoan Virididentu-
la dentata (Lamouroux, 1816) (Table 1). In Normandy,
France, populations were found on the bryozoans B. ner-
itina, Tricellaria inopinata d’Hondt & Occhipinti Am-
brogi, 1985 and Watersipora subatra (Ortmann, 1890),
as well as the ascidians Botrylloides spp. and Botryllus
schlosseri (Pallas, 1766). Based on these Normandy col-
lections, A. longimerus appears to inhabit pontoons more
readily than piles in marinas, and high abundances were
measured on PVC plates, particularly sanded ones com-
pared with smooth ones (Fig. 4, Text S1). In Tunisia, 4.
longimerus was found in natural habitats, associated with
algae (Ulva spp.) on muddy sediments (2-6 m depth) and
seagrass (Table 1).

In the Ria de Vigo, NW Iberian Peninsula, 4. longi-
merus coexisted with other amphipods such as Ampithoe
ramondi Audouin, 1826, Aora gracilis (Spence Bate,
1857), Caprella acanthifera Leach, 1814, Caprella equil-
ibra Say, 1818, Dexamine spinosa (Montagu, 1813), Jas-
sa herdmani (Walker, 1893), Monocorophium sextonae
(Crawford, 1937), Stenothoe monoculoides (Montagu,
1813), Stenothoe valida Dana, 1852, Phtisica marina
Slabber, 1769, and the NIS Caprella mutica Schurin,
1935, Ericthonius pugnax (Dana, 1852) and Jassa slat-
teryi Conlan, 1990. In Normandy, the dominant amphi-
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Fig. 2: Maximum likelihood phylogeny of the CO1 haplotypes (A) and relative median joining haplotype network (B). Only boot-
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areas and the size of the circles is proportional to the number of specimens with the same haplotype. Black circles refer to missing
haplotypes, and small vertical bars on branches represent the mutation steps between two haplotypes.
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Fig. 3: Maximum likelihood phylogeny of the 16S haplotypes (A) and relative median joining haplotype network (B). For the
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pods cohabiting with A. longimerus were Ericthonius
punctatus (Spence Bate, 1857), Ischyrocerus anguipes
Kreyer, 1838, Leptocheirus pilosus Zaddach, 1844, Leu-
cothoe spinicarpa (Abildgaard, 1789), Monocorophium
acherusicum (A. Costa, 1853), M. sextonae and the NIS
Caprella mutica. In the Gulf of La Spezia, Italy, 4. longi-
merus was sharing habitat with Apocorophium acutum
(Chevreux, 1908), Elasmopus rapax Costa, 1853, Eric-
thonius punctatus and the NIS Jassa slatteryi and Lati-
corophium baconi (Shoemaker, 1834).

Aoroides longimerus clearly showed a detritivorous
diet. Digestive contents were found in 102 of the 125
specimens analysed and consisted almost exclusively
of detritus in all specimens, regardless of sex, location
and sampling time. The total area of the whole digestive
tract occupied by detritus ranged from 30% to 100%. Al-
though copepods were also found in the gut contents of
six specimens, they were probably ingested accidentally
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alongside the detritus.

Discussion
Taxonomic remarks on Aoroides

The presence of merochelate gnathopod 1 in Aoroides
males has also been observed in males of Aora Kroyer,
1845, a genus typically found in European waters. How-
ever, these two genera can be readily distinguished by
the following characteristics, which are even present in
females and juveniles: (i) the accessory flagellum in an-
tenna 1 is present in Aora, but absent in Aoroides; and (ii)
the article 3 of the mandibular palp is semifalciform and
highly setose (bearing short and pectinate setae) in Aora,
whereas in Aoroides it is rectilinear and poorly setose,
with few terminal long setae, except in the two species
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that lack mandibular palp (Gouillieux et al., 2015; Dau-
vin et al., 2020).

Aoroides longimerus was originally described by Ren
& Zheng in 1996 based mainly on the setose gnathopod 1
of the male and round-triangle eyes. The genus Aoroides
currently contains 21 valid species (WoRMS Editorial
Board, 2025).

Aoroides columbiae, the type species of the genus,
was originally described based on females found in
Puget Sound, so information about the male gnathopod
1 was lacking. Although the description and figures were
incomplete, the mandibular palp differs from that of A.
longimerus (three setae on distal article and one seta on
second article in A. columbiae compared to only two api-
cal setae in 4. longimerus). Conlan & Bousfield (1982)
redescribed the species including male figures and a de-
scription. Although the male gnathopod 1 in A. columbiae
is very setose, as in A. longimerus, the dorsal (= anterior)
margin of the carpus is bare, except for a distal group
of short setae. In contrast, this dorsal margin is densely
covered by setae in A. longimerus. Furthermore, Conlan
& Bousfield (1982) indicated simple setae on the distal
end of coxa of gnathopod 1, while they are plumose in A.
longimerus (Fig. 1).

Aoroides secundus Gurjanova, 1938, was described in
the Japan Sea based on a single male specimen. Its eyes
are narrow and reniform, differing from those of 4. longi-
merus. The species was redescribed by Ariyama (2004),
who pointed out that 4. secundus can be distinguished
from A. longimerus by the coxae of gnathopod 1 (with
plumose setae in A. longimerus and lacking plumose se-
tae in 4. secundus). Indeed, Kim et al. (2024) pointed out
the presence of only two simple setae in the coxa of A.
secundus.

Aoroides nahili Barnard, 1970 was described from
Oahu, Hawaiian Islands. Despite the incompleteness of
its description and illustrations, it can be distinguished
from A. longimerus by the presence of three setae on the
mandibular palp and a non-densely setose male gnatho-
pod 1 (see Barnard, 1970).

Conlan & Bousfield (1982) described four species
of Aoroides (Aoroides exilis Conlan & Bousfield, 1982,
Aoroides inermis Conlan & Bousfield, 1982, Aoroides
intermedius Conlan & Bousfield, 1982 and Aoroides spi-
nosus Conlan & Bousfield, 1982). They also elaborated
a key to distinguish the seven species described so far.
While A. inermis and A. intermedius have a seta on the
article 2 of the mandibular palp, this seta is absent in A.
exilis and A. spinosus, as well as in 4. longimerus. These
three species can be further differentiated because the
dorsal (= anterior) margin of the carpus is bare or scarce-
ly setose in A. exilis and A. spinosus, but densely setose
in A. longimerus.

Myers (1995) described Aoroides vitiosus Myers,
1995 from the north coast of Papua New Guinea. The
species resembles 4. nahili from Hawaii in having a
scarcely setose gnathopod 1, but it differs by the absence
of a mandibular palp. Indeed, the absence of a mandibu-
lar palp could be considered sufficient for the establish-
ment of a new genus. However, based on the similarity

Mediterr. Mar. Sci., 26/4, 2025, 842-859

of this species to A. nahili, which has a typical doroides
form mandibular palp, Myers (1995) maintained this spe-
cies within the genus and suggested that the diagnosis of
the genus should be modified to include species lacking
a mandibular palp.

Ariyama (2004) described seven species from Osaka
Bay, central Japan (Aoroides columnaris Ariyama, 2004,
Aoroides curvipes Ariyama, 2004, Aoroides ellipticus
Ariyama, 2004, Aoroides myojinensis Ariyama, 2004,
Aoroides punctatus Ariyama, 2004, Aoroides rubellus
Ariyama, 2004 and Aoroides semicurvatus Ariyama,
2004) and redescribed A. longimerus and A. secundus,
providing a key to Aoroides species. Males of 4. colum-
naris, A. curvipes and A. semicurvatus have poorly setose
gnathopod 1, while the remaining species have densely
setose gnathopod 1. However, A. ellipticus, A. punctatus
and A. rubellus have a few or no setae on the dorsal (=
anterior) margin of the carpus. Ariyama (2004) pointed
out that A. longimerus can be distinguished from the A.
myojinensis by the presence of several plumose setae on
the anterior margin of coxa 1.

Myers (2009) described two additional species,
Aoroides palfreyensis Myers, 2009 and Aoroides par-
vus Myers, 2009, from the Great Barrier Reef, Australia.
Both species are characterised by a poorly setose male
gnathopod 1. Additionally, 4. palfreyensis lacks a man-
dibular palp, like 4. vitiosus.

Another Aoroides species, Aoroides sagamiensis Ari-
yama & Kohtsuka, 2022 was described from Japan. Ari-
yama & Kohtsuka (2022) pointed out the distinctive male
gnathopod 1 of this species, which has a poorly setose
basis and heavily setose merus, close to 4. rubellus.

Ariyama & Kawabe (2022) described Aoroides mac-
rops Ariyama & Kawabe, 2022, also from Japan. 4. mac-
rops 1s probably one of the most morphologically similar
species to A. longimerus, as it has a heavily setose male
gnathopod 1, with the coxa bearing several plumose se-
tae anteriorly, and the uropod 2 with a short inter-ramal
process (Ariyama & Kawabe, 2022). However, 4. mac-
rops can be distinguished from the Japanese specimens
of A. longimerus by having (i) larger eyes, (ii) shorter
peduncular article 4 of the antenna 2 (with a length/body
length ratio of 0.11-0.12, compared to ca. 0.14 in A.
longimerus), (iii) shorter carpus of the male gnathopod 1
(with a length/body length ratio of 0.13-0.16, compared
t0 0.19-0.21 in A. longimerus), (iv) shorter carpus of the
pereopods 3 and 4 (with a length/width ratio of ca. 1.7
compared to 1.9-2.3 in 4. longimerus), and (v) single
marginal robust seta each on the uropod 3 rami (usually
two or three in A. longimerus) (see Ariyama & Kawabe,
2022 for details).

Kim et al. (2024) described the species Aoroides gra-
cilicrus Kim, Choi, Kim, Im & Kim, 2024 from South
Korea. It is also morphologically similar to 4. longimerus
but it can be distinguished by the presence of a single an-
terior robust and plumose setae in gnathopod 1 coxa (in
contrast to the multiple plumose setae in 4. longimerus),
and the absence of setae on both rami of uropod 3 (in con-
trast to the robust setae present in 4. longimerus).
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Morphological and molecular characteristics ascertain-
ing Aoroides longimerus presence in Europe

Among the described Aoroides species, three have re-
cently been reported in European waters: A. longimerus,
A. semicurvatus and A. curvipes (Gouillieux et al., 2015).
Aoroides longimerus can be easily distinguished from the
other two NIS, mainly by the male gnathopod 1 densely
setose (Ariyama, 2004; Gouillieux et al., 2015).

When the specimens from the present study were
compared with the 21 known Aoroides species, they were
found to fully agree with the detailed description of A.
longimerus from Japan (see Ariyama, 2004). The main
diagnostic characteristics are: (i) fully setose gnathopod
1, with coxa provided with a bunch of plumose setae, (ii)
article 2 of the mandible palp without setae and article 3
(distal one) bearing two apical setae, and (iii) both rami
of uropod 3 armed with robust setae (see Fig. 1). The
description of Japanese specimens (Ariyama, 2004) and
those from the introduced range also align with the type
specimens from China (Ren & Zheng, 1996), except for
larger eyes and a single marginal robust seta on the uro-
pod 3 rami in the Chinese specimens (see Fig. 2-1 and
2-9 respectively) (Ariyama & Kawabe, 2022). Although
Figure 2 in Ren & Zheng (1996) shows a cluster of setae
on the coxa of gnathopod 1, the description does not in-
dicate whether they are simple or plumose. The type ma-
terial of A. longimerus (four male paratypes 92CA-002,
as detailed in Ren & Zheng, 1996) was examined by one
of the coauthors (YW). Despite some specimens being
poorly preserved and some characters being unchecka-
ble, the examination confirmed the presence of a bunch
of plumose setae in the coxa of gnathopod 1. The number
of marginal spines in the uropod 3 rami was variable (1
or 2) depending on the paratype. Indeed, Ariyama (2004)
pointed out that the number of spines on the outer and
inner ramus of uropod 3 ranged from one to three, thus
supporting the variability of this character. Consequent-
ly, although the uropods of Japanese and European spec-
imens are more armed (Ariyama, 2004; Fig. 1, present
study), this character appears to be variable.

Molecular data corroborate morphological evidence.
DNA results from the present study indicate that the spec-
imens from Japan and those from the introduced range
belong to the same species. However, one female spec-
imen collected in Japan, AORLONS®6, clearly diverged
from all the others, regardless of the method used (Figs. 2
and 3). As identifying females is very difficult, this spec-
imen probably belongs to a different species of 4oroides.
In fact, A. secundus dwells in a similar environment to
that of 4. longimerus in Hannan City (HA, pers. obs.). Al-
ternatively, this finding could also suggest the presence of
a species complex. The possible cryptic taxonomic diver-
sity of 4. longimerus in its native range should be further
investigated through morphological studies and deeper
molecular analyses (e.g., use of other genes such as 28S)
of newly collected specimens. Unfortunately, fresh mate-
rial of 4. longimerus from China could not be collected
during the present study, and, as a result, Chinese popula-
tions could not be incorporated into molecular analyses to
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confirm that Japanese and Chinese specimens belong to
the same species. New collections from the type locality
in China are essential to resolve this taxonomic uncer-
tainty. This information is critical to assess the likelihood
of multiple taxa being introduced or spreading (second-
ary introductions) in the future.

Ecological remarks

In its native range, A. longimerus lives in association
with sessile invertebrates (such as ascidians, bryozoans,
hydrozoans and sponges), as well as among algae in
shallow subtidal waters, in sediments, on pebble or shell
bottoms, under stones in the intertidal, and within artifi-
cial substrates (Ren & Zhen, 1996; Ariyama, 2004, 2022;
present study) (Table 1). It is interesting to note that the
species was first described by Ren & Zheng (1996) based
on specimens found in fouling communities. These au-
thors reported 22 species of fouling amphipods from test
plates, buoys, mariculture net cages and intertidal zones
in Dayawan (Guangdong province, South China Sea), but
did not specify whether 4. longimerus occurred across all
these habitats. Most of the current data on its habitat use
in the native range come from Japanese populations.

Within its introduced range, A. longimerus is primar-
ily associated with fouling communities in aquaculture
facilities, marinas and ports (e.g., pontoons, ropes, piles
and PVC plates), typically among mussels, ascidians and
bryozoans (Gouillieux et al., 2015; Dauvin et al., 2020;
present study). The species has also been recorded on
ship hulls (Ulman et al., 2017). In addition to artificial
habitats, A. longimerus has been found in natural envi-
ronments such as macroalgal beds, slipper limpet aggre-
gations, oyster reefs, and seagrass meadows (Gouilleux
et al., 2015; present study) (Table 1).

Establishment and introduction pathways

Aoroides longimerus is now recorded across both
Mediterranean and Atlantic waters (Table 1). The species
was first detected in mainland Portugal in the marinas of
Cascais and Sines in 2011. It was subsequently recorded
again in Sines (both at the marina and the commercial
terminals of the Port of Sines) in 2019, 2022, and 2023,
suggesting well-established population in this area. Sim-
ilarly, A. longimerus was found in Madeira in 2019 and
again in 2024. It is also well established in France, at least
in Normandy (collected in 2019, 2021 and 2022) and in
the Bay of Brest (collected in 2014 and 2024), as well as
in Italy (collected in the Gulf of La Spezia between 2018
and 2022). In the Netherlands, the species was collected
from Kortgene, Delta marina, in 2020 and 2024. In Spain,
populations of the Ria de Vigo, Galicia, seem well-es-
tablished, with collections from April to August 2019,
and again during 2021-2022. In Tunisia, the species was
collected in several sampling events at Shira fishing port
between March and November 2023. Overall, these re-
cords indicate the presence of stable populations of A.
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longimerus in the Netherlands, France, Portugal, Spain,
Tunisia, and Italy.

The haplotype network for the 16S marker showed
shared haplotypes among Japan, Canary Islands and
France (Fig. 3) that may suggest a common origin for
the individuals introduced in Europe. However, the nota-
ble molecular divergence observed with the CO1 mark-
er between the samples collected in Madeira and those
collected in France and the Canary Islands suggests that
multiple introductions may have occurred from different
source populations within the native range, as often doc-
umented in marine species (Rius et al., 2015). This hy-
pothesis should be investigated in future genetic studies
with a larger sampling across both native and introduced
regions.

The original description of the species from China
based on specimens collected from fouling communities,
supports the idea that this species has been spread to other
areas via anthropogenic vectors.

Unlike other small non-indigenous amphipods, such
as Caprella scaura Templeton, 1836, Laticorophium ba-
coni or Stenothoe georgiana Bynum & Fox, 1977, which
were documented in Australian waters in 1890, 1990 and
2017, respectively (Ros et al., 2014; Martinez-Laiz et
al., 2020; Guerra-Garcia et al., 2023), A. longimerus has
not yet been reported from Australia. Nevertheless, the
information provided in this study (Table S1) is main-
ly based on revised samples collected between 1964 and
2002. Further research is required to ascertain whether
the species could have arrived in Australia within the last
20 years. In contrast to other amphipod species such as L.
baconi or C. scaura, which are widely distributed across
their introduced ranges (Ros et al., 2014; Guerra-Garcia
et al., 2023), A. longimerus is absent from many mari-
nas, ports and aquaculture facilities in the Iberian Pen-
insula, Italy, Tunisia, the Netherlands, Croatia, Greece
and Saudi Arabia (Table S1). This pattern could indicate
that, while marinas and port facilities are key for the sec-
ondary spread of 4. longimerus, this species may have a
more limited ability to spread within these environments
than other non-indigenous amphipods. Alternatively, A.
longimerus could still be in the early stage of its intro-
duction since this study confirms the capacity to survive
during seasonal fluctuations throughout the year and its
remarkable colonisation capacity based on its settlement
on PVC plates (see Table 1 and Fig. 3). Therefore, special
attention must be paid to the potential threat of further
spread in the coming years.

Gouillieux et al. (2015) suggested that A. longimerus
could been accidentally introduced in Arcachon Bay and
Hossegor Lake through oyster transfers and in the Bay
of Brest possibly through both oyster transfers and ship-
ping. Similarly, Dauvin et al. (2020) suggested that 4.
longimerus was unintentionally introduced in Normandy
through oyster transfers from French production centres
of the oyster Magallana gigas (Thunberg, 1793). Indeed,
Saint-Vaast-la-Hougue (Table 1) is a key location in Nor-
mandy for oyster production, with continuous transfers
between production centres of the Bay of Biscay and the
English Channel (Dauvin et al., 2020). Along the Iberi-
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an Peninsula, an important population was found in ma-
rinas within the Ria de Vigo, Galicia, while the species
remains absent from most other sampled marinas across
Spain and Portugal (Table S1). The high intensity of ag-
uaculture activities along the Galician coasts (Almon et
al., 2014), primarily mussel and oyster farms (Ruiz et
al., 1992), supports the hypothesis that aquaculture may
be the main vector for NIS introductions in this region,
which is considered a hotspot for invasions (Pascual et
al., 2010). Indeed, this study confirms the presence of A4.
longimerus in a mussel farm in the Ria de Vigo. In the
Gulf of La Spezia, Italy, the species was first observed
in 2018 at only one locality (Santa Teresa), which is the
only site located in front of a mussel farm. The species
was not recorded in other locations until 2021, suggesting
initial introduction via aquaculture, followed by second-
ary spread to adjacent marinas. Additionally, the grow-
ing number of oyster hatcheries in France (litembu et al.,
2023) may have played an important role in the secondary
spread of 4. longimerus through the movement of oyster
seed stock exported to other European countries. In any
case, the current distribution of A. longimerus may be ex-
plained by multiple vectors and pathways, as often shown
for marine NIS (Ojaveer et al., 2018; Bailey et al., 2020).
These authors also underlined the large uncertainties in
pathways’ assessment for marine NIS, emphasizing the
need for caution and continued investigation regarding
this topic.

Most records of A. longimerus in natural environments
are in its native range, while in the introduced range, the
species mainly inhabits artificial substrates (Table 1). For
example, in the Iberian Peninsula, A. longimerus has not
yet been found in natural environments despite recent
efforts to characterise epifaunal communities inhabiting
subtidal algae and other substrates (e.g., Navarro-Barran-
co et al., 2015, 2018, 2019, 2021, 2023). This pattern is
common among non-indigenous amphipods in European
waters, such as Caprella scaura (Ros et al., 2014), Pa-
racaprella pusilla Mayer, 1890 (Ros & Guerra-Garcia,
2012), Stenothoe georgiana (Martinez-Laiz et al., 2020)
and Laticorophium baconi (Guerra-Garcia et al., 2023).
However, unlike other NIS of the genus Aoroides (i.e.,
A. curvipes and A. semicurvatus), which are restricted
to aquaculture oyster facilities, 4. longimerus has been
observed in diverse subtidal habitats in Arcachon Bay
(Gouillieux et al., 2015). These authors hypothesised that
A. longimerus may have dispersed from oyster beds in
Arcachon Bay, through natural migration or hull fouling
of recreational boats, subsequently establishing success-
ful populations in natural habitats such as seagrass mead-
ows or littoral limpet beds. In fact, the present study also
confirms the presence of 4. longimerus in natural habi-
tats within its introduced range, such as Kneiss Islands
in Tunisia. These islands are notable for their mud and
sand flats, which are of international importance for their
bird diversity. The area was declared a national nature
reserve in 1993 and subsequently designated a “Specially
Protected Area of Mediterranean Importance” (SPAMI)
in 2001, an “Important Bird Area” (IBA) in 2003 and
a “RAMSAR site” in 2007 (Moshabi et al., 2020). The
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detection of 4. longimerus in such ecologically sensitive
and protected habitats highlights the urgent need to im-
plement robust monitoring and surveillance programmes
aimed at the early detection of further potential introduc-
tion and spread of 4. longimerus into other natural habi-
tats, where it could eventually alter the composition and
ecological dynamics of the native communities.

Importance of scientific collaboration

Gouillieux et al. (2015) suggested that species of
Aoroides may have been present in European waters for
decades, yet remained unobserved due to the following
factors: (i) the genus is not listed in the taxonomic keys
generally used to identify amphipods in European wa-
ters (e.g., Chevreux & Fage, 1925; Lincoln, 1979; Ruf-
fo, 1982); (ii) specimens are fragile, often loosing gna-
thopods and antennae during the sieving process, which
makes identification difficult and increases the likelihood
of confusion with Aora genus; (iii) Aoroides species occur
in particular habitats, such as fouling communities in ar-
tificial environments, that are not usually sampled in rou-
tine benthic surveys using corers or grabs. In this sense,
increased taxonomic and sampling efforts are therefore
essential for accurately assessing the status of 4oroides in
the Mediterranean and adjacent Atlantic waters.

Scientific collaboration, taxonomic expertise, and
knowledge dissemination have been crucial to update
the distribution of various non-indigenous amphipods
in recent years (e.g., Martinez-Laiz et al., 2020; Guer-
ra-Garcia et al., 2023). Indeed, several strategies have
been proposed to ensure that NIS information is properly
disseminated at all levels (Martinez-Laiz et al., 2020; Car-
valho et al., 2023). The following actions are to be taken:
(1) facilitation of enhanced opportunities for knowledge
exchange between senior and early-career taxonomists;
(i) development of training programmes and online
courses to build taxonomic capacity, especially in under-
represented regions and institutions; (iii) establishment
of expert networks that bring together taxonomists, mo-
lecular scientists and invasion ecologists; (iv) support for
participation of researchers in international events such
as workshops and conferences focused on taxonomy and
bioinvasions; (v) creation of open-access identification
keys and field guides for NIS, including both morpho-
logical and molecular tools; (vi) development of interna-
tionally coordinated long-term monitoring programmes;
(vii) increase of opportunities for information exchange
between research scientists, environmental management
agencies and other stakeholders, including funding agen-
cies; (viii) regular update of open-access NIS databases,
ensuring the accuracy and relevance of available infor-
mation; and (ix) implementation of citizen science ini-
tiatives to support early detection and data collection on
NIS, encouraging public engagement.

Scientific collaboration has resulted not only in pro-
viding an accurate distribution of the species but also
backdating previous records (see Galanidi et al., 2025).
The present study exemplifies how collaboration and in-
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formation exchange among researchers can lead to the
re-examination of historical material, the collection of
new samples, the integration of molecular tools, and the
revision of morphological characters. These joint efforts
provide a crucial baseline for further monitoring pro-
grammes and the development of effective management
strategies.
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