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Abstract

Studies of non-indigenous species (NIS) often tend to focus on medium and large-sized taxa with potential for remarkable
ecological and/or economic impact, whereas the early detection of small invertebrates is often delayed due to taxonomic chal-
lenge, lack of consistent, standardised monitoring efforts and limited funding. This study represents the first records of the marine
amphipod Laticorophium baconi (Shoemaker, 1934) in Morocco, Tunisia, Corsica (France), Italy, Greece, Egypt, Saudi Arabia
and New Caledonia (France). Furthermore, it reports an expansion of its known distribution in Portugal (earliest and northernmost
record for the country and first record for Macaronesia), Spain (earliest record for Atlantic and Mediterranean European waters),
and Australia (first record for Indian Ocean). Recreational boating and commercial shipping, mainly through hull fouling and sec-
ondarily ballast waters, are proposed as vectors for introduction and secondary spread of L. baconi. The following traits, analysed
during the present study, could contribute to its invasive potential: (i) quick and extensive spread of the species worldwide, (ii)
high densities in marinas, harbours, hull fouling and other artificial habitats, including aquaculture facilities and floating debris,
(iii) high ability for short-term colonisation of empty artificial niches, (iv) diet based on detritus suggesting an opportunistic feed-
ing behaviour, and (v) population survival during seasonal fluctuations in different regions. Taxonomic expertise and scientific
collaboration, based on multidisciplinary networks of experts, are crucial for the early detection, distribution updates, and risk
assessment of small and overlooked stowaways in marine environments.

Keywords: early detection; non-indigenous; Amphipoda; taxonomic expertise; scientific collaboration; anthropogenic dispersal.

Introduction

The introduction of non-indigenous species (NIS) is
one of the main threats to global biodiversity (Bax et al.,
2003; Pysek et al., 2020; Ruiz et al., 2020; IPBES, 2023;
Ros et al., 2023). To better understand the role of NIS in
structuring marine communities and to develop effective
management strategies, it is crucial to have a compre-
hensive and accurate understanding of the global distri-
bution of these species (Marchini & Cardeccia, 2017).
Unfortunately, NIS knowledge in marine environments
is limited by several factors, including the lack of histor-
ical records, few long-term monitoring efforts, funding,
long time-lags in detection and reporting, uncertain bio-
geographical information, and scarcity of specialist tax-
onomists (Coleman, 2015; Ojaveer et al., 2015; Galil et
al., 2018; Zenetos et al., 2017, 2019). Managing NIS be-
comes particularly difficult once a species is established,
underscoring the importance of prevention and early de-
tection (Bergstrom et al., 2018; Carvalho et al., 2023).
Therefore, rigorous baseline surveys and collaborative
monitoring programmes are required for detecting NIS
(Lehtiniemi et al., 2015; Tsiamis et al., 2021; Galanidi et
al., 2023). However, most efforts usually focus on con-
spicuous or medium and large-sized species with clear
economic and/or ecological impacts, while overlooking
smaller vagile invertebrates (Martinez-Laiz et al., 2020;
Cuthbert et al., 2021).

Among vagile fauna, peracarid crustaceans are wide-
ly used as environmental indicators (Navarro-Barranco
et al., 2020), and have been proposed as a target group
for assessing the level of biocontamination (Saenz-Arias
et al., 2022a, b). Within peracarids, amphipods are con-
sidered as a model group to explore biological invasions
in marine ecosystems (Cabezas, 2022). Amphipods are
of special concern since: (i) they constitute one of the
dominant taxa in shallow-water marine ecosystems, with
important ecological roles (Bell, 1991); (ii) they lack pe-
lagic planktonic larval stages and so large dispersal move-
ments can hardly be explained by natural causes (Arfianti
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& Costello, 2020); (iii) some species are prone to inhabit
fouling communities and are particularly well-suited for
transport on vessel hulls as biofouling (Martinez-Laiz et
al., 2022); and (iv) there is a large availability of taxo-
nomic reports and faunistic inventories including marine
amphipods from all world regions (Horton et al., 2023).
However, it is likely that the actual number of non-in-
digenous amphipods is underestimated mainly due to the
presence of cryptogenic species, unresolved taxonomy
of cryptic species complexes and overlooked introduc-
tions (Marchini & Cardeccia, 2017; Martinez-Laiz et al.,
2020).

The early detection of certain non-indigenous amphi-
pods in the Mediterranean region, such as the caprellids
Caprella scaura Templeton, 1836 or Paracaprella pusil-
la Mayer, 1890, has been achieved through distinctive
and easily recognizable characteristics (e.g., Ros et al.,
2014a), which are strikingly different from those exhibit-
ed by related Mediterranean species (e.g., Krapp-Schick-
el, 1993). However, the time lag between an introduction
and its first detection can be significantly delayed in tax-
onomically challenging non-indigenous amphipods (e.g.,
Jassa slatteryi Conlan, 1990 or Stenothoe georgiana By-
num & Fox, 1977), which could be largely overlooked
due to misidentifications with morphologically similar
native species (Bonifazi et al., 2018; Beermann et al.,
2020; Martinez-Laiz et al., 2020). Indeed, Zenetos et al.
(2019) refer to a significant time lag between detection
and publication due to lack of taxonomic expertise. Sten-
othoe georgiana stood out as a primary example of how
combining taxonomic expertise, scientific cooperation
based on a research network, and efficient monitoring
programmes can result in the successful detection of NIS
(Martinez-Laiz et al., 2020).

In 2018, Laticorophium baconi (Shoemaker, 1934)
(Amphipoda: Corophiidae), a small amphipod likely na-
tive to the Pacific coast of North and Central America
(Shoemaker, 1934, 1949; Bousfield & Hoover, 1997; Fo-
fonoff et al., 2018), was found inhabiting fouling com-
munities on mooring buoys of the marina Sant Carles
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de la Rapita, Tarragona, on the Spanish Mediterranean
coast (Gouillieux & Sauriau, 2019) (Table 1). This was
the first record for this species in European waters. Fifty
years ago, in 1967, the species was first found outside its
native range in Hawaiian Islands, in Kaneohe Bay, Oahu,
and Coconut Island Inlet, Hawaii (Barnard, 1970). Later,
in 1973 it was reported in Pearl Harbor, Oahu (Coles et
al., 1999) and the species was also cited from other har-
bours of Oahu Island, and at Allen, on Kauai (Fofonoff et
al., 2018). The earliest record of L. baconi in the North-
west Atlantic corresponds to the Laguna Madre, Texas
(McKinney, 1977; LeCroy, 2004) and the species is cur-
rently distributed in South Carolina, Florida and Gulf of
Mexico (LeCroy, 2004; Winfield et al., 2015). In 1985,
L. baconi was also collected in Hong Kong, China and
considered established there (Hirayama, 1990; Lowry,
2000; Fofonoff et al., 2018; Rahim et al., 2022). In 1990
it was found at Bass Point, New South Wales, Australia
(Storey, 1996; Hayes et al., 2005; Ahyong & Wilkens,
2011; Fofonoff et al., 2018). Navarro-Barranco et al.
(2022) confirmed an established population of the spe-
cies in New South Wales, reaching very high densities in
Chowder Bay, Sydney. In 2001, L. baconi was recorded
from Rio de Janeiro, Brazil (Valério-Berardo & de Souza,
2009; Serejo & Siquiera, 2018). In 2006, it was collected
from the hull of a boat at Opua, New Zealand (McFadden
et al., 2007; Ahyong & Wilkens, 2011). In 2007-2009,
live specimens of L. baconi were found in hull fouling
associated to commercial transoceanic vessels in Halifax
harbour, Nova Scotia (Sylvester et al., 2011). Although
the establishment of the species in the area is not con-
firmed, this citation represents the northernmost record in
the West Atlantic Ocean.

The presence of L. baconi in marinas from the Iberian
Peninsula (Gouillieux & Sauriau, 2019; Saenz-Arias et
al., 2022a,b; Revanales et al., 2023; Ruiz-Velasco et al.,
2023) drew attention to the possibility that the species
could have been overlooked and/or potentially confused
with other Corophiidae species, such as Apocorophium
acutum (Chevreux, 1908). Early and rapid dissemina-
tion of information among colleagues encouraged the
re-examination of old samples and the collection of new
ones to investigate whether the species was present in
the Mediterranean Sea and other world locations. Based
on this collaboration, the main objectives of the present
study were to: (i) update the worldwide distribution of L.
baconi, including new records, and taxonomic and eco-
logical remarks; (ii) characterise its population density,
short-term colonisation ability, and diet (as a proxy of
feeding habits); and (iii) discuss the invasion dynamics
and potential vectors of its introduction.

Material and Methods

Sampling surveys to update the known worldwide distri-
bution of L. baconi

Specimens of Corophiidae were collected during sev-
eral sampling surveys carried out by different research
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teams between 1996 and 2023 (Fig. 1, Table 2, Text S1).
The geographic coverage of samples spanned from the
Atlantic Ocean (Portugal, including Macaronesian Is-
lands, and Spain) to the Mediterranean Sea (Spain, Mo-
rocco, Tunisia, France, Italy, Greece and Egypt), Red Sea
(Saudi Arabia) and Indo-Pacific Ocean (Australia and
New Caledonia, France). Samples were mainly collected
from artificial substrates in marinas, ports and aquacul-
ture facilities, and occasionally in natural habitats. Differ-
ent sampling techniques were used, including: sampling
of biogenic substrates (basibionts), scrapings of fouling
communities, deployment of different artificial collectors
(e.g., PVC plates, experimental ropes or fish nets), Rapid
Assessment Surveys (RAS) or collection of floating ma-
rine debris. After collection, most of the samples were
fixed with 70-96% ethanol (occasionally with 4% forma-
lin seawater solution), sieved with a mesh size between
0.5 and 1 mm, sorted and checked for the presence of
L. baconi. In the case of Saudi Arabia, specimens were
not collected but detected with eDNA (see the detailed
description of all sampling techniques by country/area in
Text S1).

Voucher material of the species is deposited in Mu-
seo Nacional de Ciencias Naturales (MNCN, Madrid,
Spain), Muséum national d’Histoire naturelle (MNHN,
Paris, France), Museo di Storia Naturale dell’Universita
di Pavia (MSNPV, Pavia, Italy), Museum of Zoology of
the University of Palermo (MZPA, Palermo, Italy), Mu-
seo di Biologia Marina “Pietro Parenzan”, University of
Salento (MBMCA, Salento, Italy) and Western Australia
Museum (WAM, Perth, Australia) (see Table S1 for a de-
tailed information on the voucher specimens deposited
in museums including Museum Catalogue numbers, sam-
pling locations, coordinates, collection date, substrates,
and numbers of specimens deposited).

Population density, gut content analyses, colonisation
ability and temporal analysis in Spain

Five marinas from southern Spain (Chipiona, Puerto
América, La Linea, Fuengirola, and Almeria) were select-
ed to characterise population density, dietary contents,
and colonisation success of L. baconi. Details of marinas
(surface area, berths number and density of human popu-
lation) are included in Guerra-Garcia et al. (2021a). The
region where the marinas are located (Strait of Gibraltar
and surrounding areas) is very important for commercial
and recreational maritime traffic, and a hot spot for bio-
logical invasions (Drake & Lodge, 2004). Indeed, Puerto
América marina has been suggested as an excellent loca-
tion for studying fouling communities on artificial sub-
strates and an appropriate scenario for monitoring NIS
settlement (Ros et al., 2013; Gavira-O’Neill et al., 2018).

For population density estimation, sampling was
conducted in June-July 2017 across the five marinas.
Three random floating pontoons were haphazardly sur-
veyed at each marina. On each pontoon, three random
grids (15 % 15 cm) were set on the submerged portion of
pontoons close to the surface and the fouling community
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Fig. 1: New records for Laticorophium baconi worldwide, with detail on its distribution along the Iberian Peninsula. Previous
records of the species in European waters provided by Gouillieux & Sauriau (2019), Saenz-Arias et al. (2022a), Revanales et al.
(2023) and Ruiz-Velasco et al. (2023) are also indicated. Although all the records included in the map correspond to ports, marinas,
aquaculture facilities and floating debris, one juvenile was found in natural habitats of the Grand récif de Koumac, New Caledonia

(see Table 2).

was scraped (Saenz-Arias et al., 2022b). Samples were
washed through a mesh sieve of 0.5 mm, and the retained
fraction was fixed in 96% ethanol. In the laboratory, in-
vertebrate vagile macrofauna was sorted and specimens
identified as L. baconi separated and counted. Abundanc-
es were expressed as individuals per m?.

To characterise the diet of L. baconi, a total of 125
specimens collected during this population density study
(25 specimens per marina) were examined. Individuals
were analysed following the methodology proposed by
Bello & Cabrera (1999), which has been used for die-
tary characterisation of amphipods (see details in Guer-
ra-Garcia et al., 2014; Ros et al., 2014D).

To assess the colonisation and recruitment ability of L.
baconi in artificial substrates, three-dimensionally folded
plastic extendable meshes (30 x 50 cm, and 50 ml volume)
were randomly placed in each marina (three replicates per
marina) submerged at a depth of 1 m. These collectors can
recruit a high abundance and diversity of species, includ-
ing NIS, and constitute a standardised methodology for the
study of motile macroinvertebrates in marinas (Ros et al.,
2019, 2020; Scribano et al., 2021; Revanales et al., 2022).
Collectors were deployed for one-month period (August

Medit. Mar. Sci., 24/3 2023, 644-665

2021). At the end of this period, they were carefully re-
trieved and meshes were enclosed in a plastic pot before
breaking the rope-tie (Ros et al., 2020). Collectors were
repeatedly washed with freshwater to release the vagile
fauna. The freshwater with the released fauna was filtered
through a 0.5 mm mesh-sized sieve and preserved in 96%
ethanol. In the lab, the retained biological material was
sorted and L. baconi specimens counted. Abundance was
expressed as individuals per collector.

To explore the presence of L. baconi throughout the
year, data from two monitoring programs carried out in
2012, one located in Puerto América marina, Cadiz, and
the other one in Palma marina, Balearic Islands, were an-
alysed. In Puerto América marina, three replicates of the
hydroid Eudendrium racemosum (Cavolini, 1785) and
the bryozoan Amathia verticillata (delle Chiaje, 1822)
were sampled monthly from the submerged portion of
pontoons close to the surface. In Palma marina, three
replicates of the hydroid E. racemosum were collected
monthly for the same purpose. Samples were fixed in
ethanol 96%, sieved using a mesh size of 0.5 mm and
checked for the presence of L. baconi.
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Results
New records and spreading of L. baconi

The known distribution records of L. baconi prior to
the present study are listed in Table 1, including citations
of its putative native range (throughout the whole eastern
North Pacific from Bering Sea to north Peru), and records
from artificial structures or human impacted habitats
(mainly port environments) within the introduced range.
Comprehensive data regarding habitat and substrate suit-
ability remains limited.

The present study provides the first records of L. ba-
coni in Morocco, Tunisia, Corsica (France), Italy, Greece,
Egypt, Saudi Arabia and New Caledonia (France) in the
South Pacific, showing the worldwide spreading of the
species (Table 2; Figs. 1, 2). Specimens from Saudi Ara-
bia were identified based on eDNA, and no specimens
were available for morphological confirmation. Addi-
tionally, new locality records are provided for countries
where the species had previously been identified, such as
Portugal, Spain and Australia. This study represents the
earliest and northernmost record for mainland Portugal
(2011) and the first record for Macaronesia. Furthermore,
it also allows for backdating the earliest records for Atlan-
tic and Mediterranean European waters, since the species
was confirmed to be already present in 2010 in Atlantic
marinas of El Rompido and Puerto América, the Mediter-
ranean marina of La Linea, the aquaculture facilities of
Guardamar del Segura, Alicante, and the ports of Olbia
and La Spezia, Italy. Therefore, the species has been in-
habiting the Mediterranean and nearby Atlantic regions
for over a decade, being repeatedly misidentified. With-
in Australian waters, the species had been documented
only from the southeast coast of New South Wales (1990)

(Table 1), and here we confirm its presence in temper-
ate Western Australia since 1996 (Table 2), making it the
official first record of the species in the Indian Ocean,
with records from tropical Western Australia being made
more recently (2011). New records from New Caledo-
nia (2019), Tunisia (2021), Saudi Arabia (2021), Greece
(2022), and Egypt (2022) are more recent. To our knowl-
edge, specimens from New Caledonia also represent the
first record of the Corophiini tribe in this region.

Within the Iberian Peninsula, the species is mainly
distributed in the southern region, spanning from Sines
(SW Portugal) to Almeria (SE Spain). However, its
presence was also documented along the Mediterranean
coast, from marinas in Alicante (Torrevieja) to Gerona
(L Estartit), including the Balearic Islands (Palma) (Fig.
1; Tables 1, 2). In those marinas that were frequently sam-
pled from 2010/2011 to 2021/2022 during this or previ-
ous studies in Spain (Isla Canela, El Rompido, Chipiona,
Puerto América, Barbate, La Linea, Fuengirola, Caleta de
Vélez and Almeria) and Italy (Gulf of La Spezia: locality
of La Spezia, Fezzano and Le Grazie) (see Tables 1, 2
and Saenz-Arias et al., 2022a,b; Revanales et al., 2023;
Ruiz-Velasco et al., 2023), the occurrence of the species
was consistent throughout the entire 10-year period, thus
confirming its successful establishment in Mediterranean
and Atlantic waters.

Identification remarks

The morphology of the studied specimens of L. ba-
coni (Figs. 3 and 4) agrees with the original description
of Shoemaker (1934) based on material from its putative
native range, as well as with the redescription provided
by Gouillieux & Sauriau (2019) using the specimens

Fig. 2: Updated worldwide distribution of Laticorophium baconi including its introduced range (in red) and its putative native
range (in green). Information based on data showed in Tables 1 and 2. Presence of the species in the Red Sea requires further
validation based on morphological identification.
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Fig. 3: SEM micrographs of males and females in lateral view of Laticorophium baconi from La Linea (Puerto Chico marina),

Cadiz, September 2021.

Fig. 4: SEM micrographs of Laticorophium baconi from La Linea (Puerto Chico marina), Cadiz, September 2021. Gnathopod 2
of male (A) and female (B) showing the detail of dactylus. Male antenna 2 (C) showing detail of two robust setae on article 4 (D).

from the introduced range. The species closely resembles
the cosmopolitan Apocorophium acutum, with urosome
segments fused, uropod 1 inserted ventrally and male an-
tenna 2 processes. However, both species can be mainly
differentiated by the dactylus of gnathopod 2, with one
tooth on flexor margin in L. baconi (Fig. 4 A, B) and 2-3
teeth in A. acutum. Genus Hirayacorophium Myers, 2022
(previously known as Hirayamaia) is also provided with
a single tooth, but the urosome lateral margin is smooth

Medit. Mar. Sci., 24/3 2023, 644-665

(Hirayacorophium) instead of notched (Laticorophium)
(see Gouillieux & Sauriau, 2019 for details). The main
difference between L. baconi and the other single spe-
cies of the genus, Laticorophium bifurcatum Myers &
Nithyanandan, 2016, is the presence of robust setae in
ventral margin of the article 4 of antenna 2 in males of L.
baconi (Fig. 4 C, D) and absence in L. bifurcatum (Myers
& Nithyanandan, 2016; Gouillieux & Sauriau, 2019). Al-
though most of the studied specimens were provided by 2
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robust setae in article 4 of antenna 2 (Fig. 4 C, D), some
specimens from the Spanish coast and Western Australia
had only a single robust seta.

The body length of adult specimens of L. baconi
ranged from 1.2 to 4.1 mm. Data per country revealed
similar sizes in all populations worldwide; Portugal: 1.6-
3.1 (n=10); Spain: 1.3-3.8 (n=122); Morocco: 1.4-3.5
(n=20); Tunisia: 1.2-3.2 (n=15); Italy: 1.6-4.0 (n=109);
Greece: 1.4-3.3 (n=14); Egypt: 1.4-2.1 (n=12), Australia:
1.4-4.1 (n=60); New Caledonia: 1.7-3.2 (n=14). The larg-
er sizes corresponded to ovigerous females.

Habitat use

The majority of records provided in this study corre-
spond to port environments. Laticorophium baconi was
found inhabiting fouling communities attached to artifi-
cial substrates such as pontoons, concrete docks, moor-
ing ropes or buoys. This amphipod was often associated
with the bryozoans Bugula neritina (Linnaeus, 1758),
Amathia verticillata and Tricellaria inopinata d’Hondt &
Occhipinti Ambrogi, 1985, the hydroid Eudendrium rac-
emosum, the mussel Mytilus galloprovincialis Lamarck,
1819, the tubes of the polychaete Sabella spallanzanii
(Gmelin, 1791) and the rhodophyte Ellisolandia elonga-
ta (J.Ellis & Solander) K.R.Hind & G.W.Saunders (Table
2). Moreover, L. baconi specimens were collected from
PVC settlement plates or artificial collectors (e.g., Madei-
ra, Spain, Italy and Saudi Arabia) and vessel hulls (e.g.,
Spanish coast or Western Australia). Although the sam-
pling efforts of this study were focused on marinas, L.
baconi was also recorded in fouling communities of ag-
uaculture facilities, plankton samples, and floating debris
(detached ropes) (Table 2). Only some specimens were
found in the offshore aquaculture facilities of Guardamar
del Segura, Spain while L. baconi strongly dominated the
fouling community in the fish farm of Orbetello, Italy.
Of the nine floating ropes collected in Mazagén marina
(Huelva), L. baconi was present in eight of them, show-
ing high abundances (more than 1,000 specimens includ-
ing ovigerous females).

Population density, feeding habits, colonisation ability
and temporal analysis in Spain

High densities of L. baconi were recorded in floating
pontoons on marinas from both the Atlantic and Medi-
terranean coasts of Southern Spain (Chipiona: 894+320
individuals/m?, Puerto América: 5388+1979, La Linea:
7604289, Fuengirola: 10844+5034, Almeria: 222+141,
mean+SE).

This amphipod clearly showed a detritivorous diet.
Digestive contents were found in 123 of the 125 analysed
specimens and consisted almost exclusively of detritus in
all specimens. The total area occupied by content (detri-
tus) in the whole digestive tract ranged from 51% in Chi-
piona to 69.2% in Fuengirola. In two specimens, some
microalgae were found in the gut (probably ingested to-
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gether with the detritus).

Laticorophium baconi showed a high colonisation
ability according to the results of the experimental coloni-
sation of artificial substrates in the five marinas of south-
ern Spain. All collectors were colonised by the species af-
ter one month of deployment. Densities ranged from 8 to
880 specimens per collector (Chipiona: 5434229, Puerto
América: 25+13, La Linea: 211+33, Fuengirola: 91+42,
Almeria: 49+£9, mean+SE).

Regarding the temporal analysis of the presence of L.
baconi, the species was registered throughout the whole
year in Puerto América marina (Table S2), as long as sub-
strates were present. Similarly, in Palma marina, the spe-
cies was detected in most of the months sampled, except
during the coldest months (January and February).

Discussion

Invasion patterns and worldwide distribution of
L. baconi

The amphipod Laticorophium baconi has been report-
ed as introduced in Hawaii, China, Australia, New Zea-
land, the East coast of USA and Canada, the Gulf of Mex-
ico, Brazil, Portugal and Spain (Table 1 and references
herein, Fig. 2). This study represents its first record in
Morocco, Tunisia, Corsica (France), Italy, Greece, Egypt,
Saudi Arabia and New Caledonia (France). Furthermore,
it reports an expansion of its known distribution in Por-
tugal, Spain and Australia. In the case of Spain, it pro-
vides the earliest record for Atlantic and Mediterranean
European waters, confirming that the species was already
present since, at least, 2010. In Australia, its presence on
artificial substrates and hull fouling in Western Australia
since, at least, 1996 enlarges the distribution of the spe-
cies to the Indian Ocean (Table 2, Fig. 2). This study also
indicates that L. baconi is already present in the Red Sea,
which is known as a passing route connecting the Indian
Ocean and the Mediterranean Sea. Nevertheless, consid-
ering that data of Saudi Arabia was based on molecular
data alone, targeted collections are needed in the region
to allow for a morphological confirmation.

Along its introduced range, L. baconi mainly inhabits
bryozoans and hydroids attached to pontoons, rocky jet-
ties, piers, concrete docks, seawalls, offshore platforms,
buoys, mooring ropes, aquaculture facilities and floating
debris (McKinney, 1977; LeCroy, 2004; present study).
In fact, all records of the present study in the introduced
range were registered in artificial structures and human
impacted habitats, except for a juvenile which was found
in the Grand Récif de Koumac, outside the marina, New
Caledonia. As this juvenile was collected from a fish net
placed in the water for a year, the specimen probably ar-
rived dragged by the currents from the Koumac marina,
where the species is established. Thus, throughout its in-
troduced range, L. baconi is more abundant in artificial
habitats, mainly occurring as a fouling organism in com-
mercial ports and marinas, where it can be one of the dom-
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inant peracarid species (Saenz-Arias et al., 2022a). Based
on this, we suggest recreational boating and commercial
shipping, mainly through hull fouling and secondarily
ballast waters, as the likely vectors for introduction and
secondary spread of L. baconi. Indeed, the species was
collected from vessel hulls in different locations along the
Spanish and Western Australian coasts. Similarly, Carlton
& Eldredge (2009) proposed ballast water or hull fouling
as vectors involved in the transport of this amphipod to
Hawaiian Islands, and LeCroy (2004) and Fofonoff et al.
(2018) suggested hull fouling and ballast water respec-
tively for its transport through the Panama Canal. Within
artificial habitats, the association of L. baconi with wide-
ly distributed fouling basibionts, such as B. neritina, A.
verticillata, T. inopinata or S. spallanzanii, could have fa-
cilitated its spread via hull fouling and subsequent estab-
lishment in these habitats. For example, Martinez-Laiz et
al. (2022) found that sessile fouling basibionts provided
refugia and boosted the probability of the exotic amphi-
pod Caprella mutica Schurin, 1935 remaining attached
under flow exposure trials. Besides this, our finding of
several specimens in floating ropes in southern Spain also
indicates, for the first time, the potential role of marine
litter in the secondary spread of this species.

Despite the clear association between L. baconi and
artificial habitats in its introduced range, the species has
been occasionally found in natural habitats. Valério-Be-
rardo & de Souza (2009) found the species in intertidal
ecosystems from Rio de Janeiro, Brazil and Huang et al.
(2008) reported L. baconi as one of the dominant spe-
cies inhabiting the marine sponge Amphimedon virid-
is Duchassaing & Michelotti, 1864 in shallow (1-2 m
depth) seagrass habitat of Saint Joseph Bay, Florida. This
indicates that the species could potentially reach natural
habitats in other introduced regions, as the Mediterrane-
an, where the species is still restricted to artificial habi-
tats. Other exotic amphipods in the Mediterranean, such
as Stenothoe georgiana, Caprella scaura or Paracaprel-
la pusilla, have not been established in natural environ-
ments so far, being confined to artificial habitats in the
introduced range (Ros et al., 2014a; Cabezas et al., 2019;
Martinez-Laiz et al., 2020), but it is worth noting that the
level of biofouling NIS spreading in natural habitats is still
poorly investigated. On the contrary, high densities of the
exotic Jassa slatteryi have already been recorded in Med-
iterranean natural habitats, including marine protected ar-
eas (Navarro-Barranco et al., 2018, 2023). Similarly, the
exotic isopod Mesanthura cf. romulea Poore & Lew Ton,
1986 has been observed in Posidonia seagrass meadows
in Italian coasts (Stamouli et al., 2018). As L. baconi has
been traditionally confused with Apocorophium acutum,
its potential presence in natural habitats could have been
overlooked due to misidentification. Indeed, well-devel-
oped populations of 4. acutum have been recorded in sea-
weeds collected from natural rocky shores of the Medi-
terranean coast of southern Spain (Vazquez-Luis et al.,
2008, 2009, 2013, Navarro-Barranco et al., 2018, 2019,
2023). Part of this material has been re-examined during
the present study and the validity of the identification of
A. acutum has been confirmed. Therefore, to our knowl-
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edge, while A. acutum is abundant in Mediterranean nat-
ural habitats, L. baconi is still restricted to artificial ones.
However, continuous surveillance is recommended to de-
tect if L. baconi can eventually colonise natural habitats
within Mediterranean, nearby Atlantic, and other areas
within its introduced range.

Regarding its native distribution range, L. baconi was
originally described by Shoemaker (1934) from several
geographically remote localities (off coast of Peru, Ber-
ing Sea and southern California) and it is considered na-
tive to the whole Northeast Pacific, from the Bering Sea
to the Galapagos Islands and northern Peru (Shoemak-
er, 1934, 1949; Bousfield & Hoover, 1997; Fofonoff et
al., 2018). A narrower native range cannot be ruled out,
and it is possible that some of the localities included by
Shoemaker (1934) and later studies (Shoemaker, 1949;
Barnard, 1979; Bousfield & Hoover, 1997) are part of the
introduced range. However, until further morphological
or molecular evidence becomes available, we have fol-
lowed the criterion of previous authors, and a wide pu-
tative native range from polar to tropical environments
was assumed for the species (Fig. 2). Likewise, certain
amphipods, like Caprella irregularis Mayer, 1890, or
Caprella laeviuscula Mayer, 1903, also display wide-
range distributions throughout the North Pacific waters
of America, thriving in temperatures spanning from 5°C
to 20°C (Laubitz, 1970). In this sense, L. baconi shows a
wide environmental tolerance. It demonstrates an ability
to tolerate a wide range of water temperatures (Bousfield
& Hoover, 1997; LeCroy, 2004) and salinities (18 to 33
psu), being reported also in estuaries (Grabe et al., 20006).
For example, we found established populations of L. ha-
coni throughout a year in both the Atlantic and Mediter-
ranean coasts of Spain, supporting its ability to survive
seasonal fluctuations in locations where it is introduced.
Moreover, our record for Saudi Arabia would increase its
salinity tolerance range up to 42 psu. Besides this, most
records of L. baconi within its putative native range cor-
respond to natural habitats, such as intertidal and shal-
low waters, including seagrass beds. In fact, it has been
reported as one of the dominant taxa of the epifaunal
community associated with the seagrass Zostera marina
Linnaeus in San Quintin Bay, Baja California (Quiroz-
Vazquez et al., 2005). The species has also been collect-
ed from algae, and sand or muddy bottoms (McKinney,
1977; Nelson, 1995; LeCroy, 2004), at depths of 0 to
55 m (Barnard, 1979). While this evidence may support
the wide native range assigned to L. baconi, molecular
studies have revealed that species with a traditional wide
latitudinal distribution in the North Pacific may, in fact,
comprise species complexes. This is exemplified by the
nudibranch Aeolidia papillosa (Linnacus, 1761), where
populations from California (southern part of its North
Pacific distribution area) were recently emerged as a new
pseudocryptic species known as Aeolidia loui Kienberg-
er, Carmona, Pola, Padula, Gosliner & Cervera, 2016
(Kienberger et al., 2016). Therefore, further molecular
research is essential to understand the native range of L.
baconi and to discard the possibility of a species com-
plex of morphologically similar species. The molecular
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approach has proven invaluable in exploring the native
ranges and invasion patterns of other marine amphipod
species, such as Corophium volutator (Pallas, 1766) (Ein-
feldt & Addison, 2015), Caprella mutica Schurin, 1935
(Ashton et al., 2008), Caprella scaura (Cabezas et al.,
2014), Paracaprella pusilla (Cabezas et al., 2019) or Jas-
sa spp. (Beermann et al., 2020) among others.

Taxonomic remarks

Shoemaker (1934, 1949) reported some slight differ-
ences among specimens from Peru, California and Bering
Sea, particularly in antennae 1 and 2, and in the notch
on the pleon margin. However, these dissimilarities were
attributed to the state of maturity of the examined speci-
mens. Valério-Barardo & de Souza (2009) identified ma-
terial from Brazil as L. baconi based on the presence of
the well-developed ventromedial acute process on male
antenna 2, the position of medial and distal process of
article 5 in the same antenna, presence of a median notch
in the lateral ridge of the fused urosome, and dactylus of
gnathopod 2 with one tooth in the flexor margin. Howev-
er, differences emerged between the Brazilian specimens
and those described by Shoemaker (1934), particularly in
the number of robust setae on peduncles articles of an-
tennae, and the absence of robust setae on ventral margin
of article 4 of the antenna 2 in Brazilian specimens. In
this context, Myers & Nithyanandan (2016) described a
new Laticorophium species from Kuwait, L. bifurcatum,
mainly based on the absence of robust setae in article 4
of the male antenna 2. Other characters considered to dif-
ferentiate both species, such as the processes in article
4 and 5 of male antenna 2, can change in size, dispo-
sition, and orientation as a function of maturity (Shoe-
maker, 1949; Otte, 1975; Gouillieux & Sauriau, 2019).
Therefore, these characters should be taken with caution.
Considering that the specimens of L. baconi recorded by
Bousfield & Hoover (1997) and Valério-Berardo & de
Souza (2009) were lacking robust setae in article 4 of
male antenna 2, Gouillieux & Sauriau (2019) suggested
that they could correspond to L. bifurcatum instead of L.
baconi. While specimens of the introduced range studied
in the present work fit within the original and subsequent
description of L. baconi from native and exotic ranges,
variability in the robust setae in article 4 of antenna 2 was
observed. Although most specimens displayed 2 robust
setae, some specimens from Spain and Australia had only
one. This adds some uncertainty in the consideration of
this character as diagnostic for species identification. A
molecular approach would aid to confirm L. bifurcatum
as a different species to L. baconi, and to assess whether
morphological variability of L. baconi is due to intraspe-
cific variation or to the existence of a species complex. In
any case, previous molecular and morphological works
on other amphipods have revealed that, when a taxon
with different ‘forms’ or ‘varieties’ within a complex rap-
idly spreads into an exotic range, only a single form of the
complex is expanding its distribution range through an-
thropogenic vectors, while the other forms remain in a re-
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stricted distribution (e.g., Cabezas et al., 2014; Ros et al.,
2014a). Furthermore, molecular evidence has supported
that populations of all the worldwide distributed exotic
amphipods investigated so far belong to single species,
even when some degree of morphological variability is
detected (Ashton et al., 2008; Cabezas et al., 2019; Beer-
mann et al., 2020; Martinez-Laiz et al., 2020).

Regarding the body size, Shoemaker (1934, 1949) re-
ported that the largest male specimen measured 3 mm,
while the largest female measured 4 mm based on speci-
mens from the putative native range. LeCroy (2004) and
Fofonoff et al. (2018) similarly recorded adult length
ranges of 2-4 mm. Measures of adult specimens obtained
during the present study (1.2-4.1 mm) confirmed simi-
lar sizes for all the populations within the native and in-
troduced ranges. Indeed, this amphipod could be easily
overlooked due to, among other factors, its remarkably
small size (Fofonoff et al., 2018).

Ecological notes and invasion success

Laticorophium baconi builds U-shaped tubes (LeC-
roy, 2004) and similarly to other amphipods, it has
brooded embryos and direct development. Unfortunately,
information on its life history is still lacking (Fofonoff
et al., 2018). Further efforts should be focused on un-
derstanding the growth and reproduction patterns of this
species (e.g., Takeuchi & Hirano, 1991; Baeza-Rojano et
al., 2011), since this information can be relevant in man-
agement strategies. Despite this lack of knowledge, there
are several traits that could explain its quick and exten-
sive spread worldwide described above. For example, al-
though Barnard (1970) suggested that L. baconi was less
abundant in harbours than other corophiids because of a
low tolerance to pollution, Grabe et al. (2006) found it
on moderately contaminated sediments, and it has been
described as copper tolerant (Culver ef al., 2012; 2021).
The frequent association with human impacted habitats
as we found in its introduced range (see above) seems to
support this tolerance. Another common feature among
widely distributed species is their ability to colonise ar-
tificial structures. The greater the abundance of the spe-
cies, the greater its probability of colonising anthropo-
genic vectors and expanding to new locations (Floerl et
al., 2005; Ros et al., 2020; Revanales ef al., 2023). Since
L. baconi reaches high densities on pontoons (Saenz-Ari-
as et al., 2022a; present study), it is to be expected that
it can easily colonise the hulls of adjacent moored boats
and spread by recreational boating (Martinez-Laiz et al.,
2019). In fact, L. baconi was found in hull fouling during
the present study. Bousfield & Hoover (1997) and LeC-
roy (2004) suggested that L. baconi could be a good colo-
niser because of its wide temperature tolerance and abili-
ty to colonise a wide range of habitats. The present study
confirmed both its ability to survive the seasonal fluctua-
tions along a year in the Atlantic and Mediterranean coast
of Spain, and its remarkable colonisation capacity based
on experimental evidence. Specifically, densities of near
1,000 specimens per collector were measured after one
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month of deployment in marinas of Southern Spain. Fur-
thermore, the present study revealed that specimens of
L. baconi also colonised plates and artificial substrates
placed in marinas and ports of Madeira, Southern Spain,
Italy and Saudi Arabia, and artificial collectors placed in
fish farm facilities of Eastern Spain. Moreover, the spe-
cies was also collected from the water column, as part of
the plankton, during nocturnal migrations. The high pro-
pensity for local dispersal of this species may, therefore,
increase the chances of human-vector uptake, frequency
of transportation and, in turn, invasion success (Ros et
al., 2020). Likewise, the presence of the species on a
great variety of biotic substrates (Table 2) shows the great
plasticity of L. baconi to colonise different fouling spe-
cies (including macroalgae, bryozoans, hydrozoans and
other sessile invertebrate species). Finally, we found that
the diet of L. baconi was mainly based on detritus. This
seems to be the general trend in the whole tribe Corophi-
ini since Guerra-Garcia et al. (2014) studied nine species
of this tribe (160 specimens) and detritus was the exclu-
sive diet item in all of them. In fact, detritus is usually
the dominant component in the diet of amphipods (Guer-
ra-Garcia & Tierno de Figueroa, 2009; Guerra-Garcia et
al., 2014), especially in opportunistic species associated
to anthropogenic habitats (Guerra-Garcia et al., 2015; Se-
dano et al., 2020). The high availability of this feeding
resource in artificial habitats could also contribute to its
invasion success. Based on all this, comprehensive moni-
toring programmes and ecological assessments should be
carried out to quantify and evaluate the expansion of L.
baconi and its potential effects on invaded ecosystems.
When analysing global patterns of introduced amphi-
pods, Marchini & Cardeccia (2017) pointed out that most
cases belong to the family Corophiidae, followed by Ao-
ridae, Ischyroceridae and Caprellidae. Therefore, Coro-
phiidae can be considered a target taxon to search for
non-indigenous and invasive species. In this sense, the
status of the corophiid L. baconi is still non-indigenous
in many areas and has not been treated as an invasive
species so far. In New Zealand, McFadden et al. (2007)
categorised L. baconi as of minor significance based on
Biosecurity New Zealand’s risk assessment concerning
its potential establishment and associated economic and
ecological implications. Recent examples of marine am-
phipods attaining invasive status in short periods, often
leading to negative impacts on native ecosystems and
marine aquaculture, highlight the importance of these
assessments. For instance, Caprella mutica rapidly be-
comes invasive, potentially hampering the growth of the
mussel Mytilus spp. on aquaculture facilities through in-
terspecific competition for food resources (phytoplank-
ton), in which caprellids benefit from their positioning
over mussels, or by the trampling done by caprellids
which causes the closing of mussels’ valves, thus inter-
rupting their feeding (Turcotte, 2010; Daneliya & Laak-
konen, 2012; Almén et al., 2014). The high densities of C.
mutica measured on oil platforms may also influence the
degree to which these structures provide the ecological
services of natural reefs by potential interaction with na-
tive species (Page et al., 2006). However, interactions can
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be complex; the potential negative effects of C. mutica on
native vagile assemblages in oil platforms contrast with
a positive effect on fish, since exotic caprellids provide
food subsidy to resident microcarnivorous fish with posi-
tive effects on fish condition (Page et al., 2007). Similar-
ly, Collin & Johnson (2014) provided an example of how
this invasive caprellid can negatively impact the recruit-
ment of a second invader, Ciona intestinalis (Linnaeus,
1767), an exotic tunicate which damages mussel aqua-
culture via heavy biofouling of equipment and mussels.
Other example of impacts caused by an exotic amphipod
on native species has been described for marinas from
the Iberian Peninsula and northern Africa. Guerra-Garcia
et al. (2011) and Ros et al. (2015) suggested, based on
field data, a competitive displacement of the resident
Caprella equilibra Say, 1818 by the invasive Caprella
scaura. In freshwater ecosystems, exotic amphipods also
have an important ecological impact, especially regard-
ing native species displacement, due to a combination
of behavioural, physiological and environmental factors
(Grabowski et al., 2007a,b). Freshwater amphipods such
as Gammarus tigrinus Sexton, 1939 and Chelicorophium
curvispinum (G.O. Sars, 1895), strongly affect the food
web, not only horizontally (competition, swamping), but
also vertically, with predators switching diets at each suc-
cessful invasion (van der Velde et al., 2000). Dikerogam-
marus villosus (Sowinsky, 1894) is another high-impact
predatory amphipod, which eliminates both native and
exotic species (Dick & Platvoet, 2020). Unfortunately,
the global ecological impacts of marine exotic species are
insufficiently understood, and most meta-analysis focus
on large or conspicuous species, while the ecological ef-
fects of small exotic invertebrates are usually overlooked
or underestimated (Anton et al., 2019). Therefore, future
experimental research is necessary to explore if L. baco-
ni is displacing other native species or if it is affecting,
among others, the performance of open-sea aquaculture
installations.

Taxonomic expertise and scientific collaboration

The growing deficiency in taxonomic expertise im-
pairs the ability to adequately detect and evaluate inva-
sion risks (Ricciardi et al., 2021). In fact, this taxonomic
impediment has resulted in underestimation of invasion
occurrences (Marchini & Cardeccia, 2017; Carlton &
Fowler, 2018). Achieving taxonomic resolution at the
species level is necessary for the accurate identification
of NIS and to properly elaborate comprehensive lists of
taxa and reliable inventories and databases of biodiversi-
ty, which are essential for decision-making in bioinvasion
management (Martinez-Laiz et al., 2020; Guerra-Garcia
et al.,2021b). The molecular approach is an effective tool
for species identification and has contributed to better un-
derstand invasion patterns and pathways of exotic spe-
cies (Cabezas et al., 2014; Cao et al., 2016; Antil et al.,
2023). However, molecular techniques are insufficient to
compensate for the taxonomic impediment, since taxo-
nomic expertise is necessary to corroborate the correct
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assignment of sequences or to formally describe new
taxa (Ricciardi et al., 2021). Unfortunately, the number
of taxonomists is suffering a dramatic decline (Hopkins
& Freckleton, 2012). Considering the long period nec-
essary for training taxonomists, this decline involves a
threat for bioinvasions research and management. There-
fore, promoting taxonomic training and exchanging tax-
onomic knowledge between senior and early-career tax-
onomists are essential in NIS studies (Guerra-Garcia et
al., 2008; Coleman, 2015; Costello, 2020; Katsanevakis
et al., 2020; Martinez-Laiz et al., 2020; Ragkousis et al.,
2023). Financial support is normally biased towards larg-
er and conspicuous species, which usually have higher
social impact in the media (e.g., Garcia-Gomez et al.,
2021). Contrarily, taxonomic research on non-charismat-
ic NIS or the so-called ‘hidden invaders’, which include
unicellular taxa, small-sized inconspicuous, vagile in-
vertebrates with cryptic behaviour and challenging tax-
onomies, are strongly undervalued and should receive a
higher funding input since taxonomic expertise is pivotal
in these cases (Carlton, 2011; Martinez-Laiz et al., 2020;
Saenz-Arias et al., 2022b; Golo et al., 2023). For exam-
ple, the foundational taxonomic works of Krapp-Schickel
(2015) or Conlan et al. (2021) were essential to update
the introduced range of the exotic amphipod S. georgiana
(Martinez-Laiz et al., 2020) and J. slatteryi respectively.
A fine and precise taxonomy was also crucial to detect the
presence of L. baconi in the Mediterranean (Gouillieux &
Sauriau, 2019). This significant work, based on exhaus-
tive morphological description and detailed observations,
revealed that the species could have been overlooked and/
or potentially confused with other Corophiini species in
previous studies. Owing to this study, the coauthors of the
present study were prompted to re-identify material of old
collections and to conduct new sampling programs. The
willingness of exchanging opinions and sharing knowl-
edge among colleagues allowed the detection of this ex-
otic in several other worldwide regions. Building strong
expert networks at regional, national and international
levels ensure the effective transfer of knowledge among
taxonomists and invasion ecologists (Martinez-Laiz et
al., 2020). Besides taxonomic expertise, studies on nat-
ural history of exotic species, including life cycle traits,
growing and reproduction patterns, feeding ecology, abil-
ity to disperse and colonise, environmental preferences,
resistance to pollution, behaviour and interactions with
other species, are critical to globally understand marine
bioinvasions.
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