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Abstract

We classified European and adjacent seas into nine biogeographic realms and provinces (bioregions)
based on a new compilation of over 17,000 records of the distribution of 1,182 native species of
Amphipoda (Crustacea) at a spatial resolution of 4° latitude longitude. The dominant, characterising,
and percent of unique species (endemicity) for each realm are reported. In order of distinctiveness
and endemicity the bioregions were the Mid-North Atlantic (53 %), Black Sea freshwater (35 %),
Mediterranean and Black Sea marine (32 %), Canary Islands and Cape Verde (21 %), North-West
coast of Africa (14 %), North-East Atlantic shelf (12 %), coastal Norwegian Sea (9 %), Azores (9 %)
and Baltic Sea (6 %). A hierarchical cluster analysis suggested these may be grouped into realms and
provinces. Records filling geographic gaps, and comparable studies on additional taxa, will improve
this biogeographic analysis. Meanwhile, the planning of Marine Protected Areas needs to include

areas within each of these bioregions to be inclusive of all species in the study area.
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Highlights

Biogeographic realms are defined by the uniqueness of the species present within them, that
is species that are not present in other regions

Conservation planning needs to protect areas in all biogeographic realms if all species are to
be protected from extinction

Nine biogeographic regions are defined in European and adjacent seas based on the
distribution of amphipod crustaceans with endemicity ranging from 6 % to 53 % per region
Hierarchical analysis suggested the regions could be considered as realms and provinces
Marine conservation planning needs to locate protected areas in each of these regions to be

representative of the biodiversity of the study area

Keywords: checklist; biodiversity; regional patterns; endemicity; boundaries
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Introduction

Globally, over 100 countries have reaffirmed the urgent need to safeguard biodiversity through
environmentally sustainable practices, setting a target to protect at least 30 % of land and sea areas
by 2030 as Target 3 of the Kunming-Montreal Global Biodiversity Framework, GBF (CBD, 2022).
This commitment is urgent in Europe’s regional seas, where biodiversity has declined due to
cumulative human pressures (Nikolaou et al. 2025). For conservation strategies to be effective,
quantitative criteria must incorporate biogeography that reflects the actual distribution of species.
This means prioritising areas that are home to rare and endemic species in an ecologically coherent
Marine Protected Area (MPA) network that maximises the number of species in its limited area (Zhao

et al. 2020, 2024; Zhao and Costello, 2025, 2026).

Several studies mapped global marine biogeographic realms, i.e., geographic areas distinguished by
species endemicity, and their boundaries (Spalding et al. 2007). Within realms, there may be
provinces distinguished by species composition, which may arise more from environmental than
evolutionary drivers (Spalding et al. 2007). A global data-driven biogeographic analysis of around
65,000 marine animal species identified 30 global realms, of which 18 relate to the continental shelf
and 12 to the offshore deep-sea environments (Costello et al. 2017). Almost in parallel, Kocsis et al.
(2018) defined 11 major realms for shallow-water marine benthic fauna based on seven different taxa.
Similarly, Momtazi and Saeedi (2024) defined 12 coastal realms globally for amphipod crustaceans,
but only one realm covered all European seas. An analysis of anthozoans in the global bathyal zone
(700-3,000 m) led to the identification of 14 distinct bioregions characterised by a high degree of
endemism (Watling and Lapointe 2022). There were 11 and 12 coastal realms identified for
polychaetes and amphipods by Arfianti and Costello (2020a) and Pamungkas et al. (2021).,
respectively, largely coinciding with the regions proposed by Costello et al. (2017) and the coastal

realms and provinces of Spalding et al. (2007). Ophiuroid species’ distinguished ten bioregions, with

3



65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

transition zones extending down to the deep sea (Victorero et al. 2023), largely agreeing with studies
at global scales (see a tabular comparison in Costello et al. 2017). However, additional data at finer
spatial resolution lacks despite Costello et al. (2017) proposed at least six distinct realms for European
seas (including the inner Baltic Sea, the Black Sea, the NE Atlantic, Arctic Europe, the Mediterranean
Sea and part of the N Atlantic boreal), and noted that the global models mentioned above do not yet
show a detailed differentiation for the European context. This is mainly due to their coarse spatial

scale of 5° latitude longitude (~555 km at the equator).

With the increasing availability of new data, it has become possible to define the boundaries of these
realms more precisely. For example, Pinheiro et al. (2018) distinguished six additional coastal

provinces along the coast of Brazil.

As part of the design of a network of Marine Protected Areas (MPA) in Europe, it was timely to take
a closer look at its regional biogeography to inform how such a network can be representative of
species assemblages from the Arctic to the Mediterranean Sea. In this study, we analysed distribution
data on over a thousand species of pelagic and benthic marine amphipod crustaceans in European

seas to see if it improved biogeographic discrimination over previous studies.

Amphipod crustaceans were selected as the target species due to our expertise in the group. They play
a crucial role in ecosystems, linking lower and upper trophic levels, and inhabit the benthic and
pelagic domains (Dauvin 2024; Ritter and Bourne 2024). Although their lack of planktonic larvae
may suggest they have poorer dispersal and so greater endemicity than other taxa, comparisons of
percent endemicity with other marine taxa in New Zealand do not support this (Costello 2023),

making the taxon comparable with other marine groups.

By examining amphipod distributions at a finer spatial resolution than previous global analyses, this
study aims to refine the delineation of marine biogeographic units across European seas and identify

areas of high faunal distinctiveness. The resulting biogeographic framework can contribute to the
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design of more representative and ecologically coherent MPA networks, supporting the achievement

of biodiversity conservation targets under the Kunming-Montreal Global Biodiversity Framework.

Methods

The dataset used in this study has been published in the Global Biodiversity Information Facility
(Badalucco et al., 2026a). It included 18,559 records with geographical coordinates extracted from
more than 150 scientific publications, covering the period 1936-2024 (Badalucco et al., 2026b).
Records only ascribable to the genus level were excluded from the analysis. The non-indigenous
species (NIS) for the European Seas and the taxa characterised by geographic or taxonomic
uncertainties (e.g., cryptogenic species, species complexes, etc.), were excluded (Table 1). As the
dataset by Badalucco et al. (2026a) also included freshwater and brackish species, for the purposes
of our analysis, these species were included only in the Baltic Sea, the Black Sea and the Sea of Azov
(Table 2). Particular attention has been paid to the management of NIS, with specific reference to
species of Ponto-Caspian origin. Many of these species, although native to the Black Sea and the Sea
of Azov, have been introduced into neighbouring basins where, finding favourable environmental
conditions, they have successfully established themselves. To ensure the biogeographical consistency
of the analysis, records relating to Pontic-Caspian species were removed only from areas where they
are classified as NIS, whilst they were retained in their areas of origin (Black Sea and Sea of Azov)

(Table 2).

The interactive web application ‘Infomap Bioregions’ (https://www.mapequation.org/bioregions/)
was used to identify the biogeographic provinces objectively based on latitude—longitude coordinates
for all species records (Edler et al. 2017). The analysis was run with the following settings: a spatial
resolution of 4° grid cells (445 x 445 km at the equator, 445 x 222 km at 60°); the maximum and the
minimum cell capacities were set to 200 and 20 occurrence records, respectively; and for the

clustering algorithm, the numbers of trials and cluster cost were set to 1 and 0.91, respectively.
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The Infomap Bioregions algorithm uses an adaptive spatial grid, the resolution of which varies
according to data density, so as to obtain cells with a similar number of occurrences. This reduces
biases caused by an uneven distribution of sampling. It then constructs a bipartite network between
species and cells, linking together cells that share species. Cells with similar composition are then
grouped into bioregions. An indicative score is also calculated for each bioregion to identify the most
characteristic species. Infomap imposes no spatial contiguity constraints and is less sensitive to
sampling distortions than methods based solely on cell similarity (Edler et al. 2017). It also reports
the most common amphipod species for each biogeographic region. Species found exclusively within
a single biogeographical province were counted as endemic even though future research may find
they are more widespread, and their percentage of the total species richness of each region was

subsequently calculated.

The similarity of relationships in species composition between the bioregions described by Infomap
Bioregions was assessed using Jaccard distance coefficient and average linkage hierarchical
clustering in R using the ‘vegan’ and ‘dendextend’ packages (R Core Team 2025). The robustness of
the clusters was tested using multiscale bootstrap resampling analysis (1000 replicates) with the
‘pvclust’ package, considering clusters with Approximately Unbiased values (AU) > 95% to be well

supported (Suzuki and Shimodaira 2006).

Results

Excluding the species mentioned in the methods (Tables 1, 2), the dataset comprised 17,819 records
of 1,182 species of marine amphipods distributed across 980 coordinates (Fig. 1A). There were from
1 to 161 occurrence records per species. The ten species with the highest number of occurrence
records were Dexamine spinosa (161 records), Perioculodes longimanus (148), Phtisica marina

(144), Gammarus locusta (115), Ampelisca diadema (107), Ampithoe ramondi (106), Melita palmata
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(105), Leucothoe spinicarpa (104), Stenothoe monoculoides (104) and Ericthonius punctatus (104).

Two hundred and twenty species were present only once in the dataset (Table 3).

The total number of geographic cells was 84. Cell 14, located in the south of Iceland (mid-northern
Atlantic), had the lowest number of records (22) and species (8). In contrast, cell 44, located in the
Ligurian Sea, Italy (western Mediterranean Sea) showed the highest number of records with 1,261
records including 333 species; whereas cell 41, located in the southern Tyrrhenian Sea, Italy (western
Mediterranean Sea), showed the highest number of species, with 785 records of 385 species (Fig. 1B,

Q).

Nine candidate biogeographic provinces were identified (Fig. 2, Table 4). The Mediterranean and
Black Sea region showed the highest number of records and species, with a total richness of 683
species, followed by the NE Atlantic shelf region (455) and the NW Africa coast region (345),
whereas the Azores have the lowest number of records and the Black Sea freshwater region the lowest

species richness (Table 4).

The analysis revealed 565 endemic species (i.e., species found exclusively within a single
biogeographical province), representing 48 % of the total species richness (Table 4). The highest
percentage endemism was recorded in the Mid-North Atlantic region (53 %), followed by the
Mediterranean and Black Sea region (32 %). In contrast, the lowest value was found in the Baltic Sea,

with an endemism level of just 6 % (Table 4).

The multiscale bootstrap resampling analysis using Jaccard distance showed that almost all
biogeographic clusters were robust (Fig. 3). They first separated out the Mid-North Atlantic region
from all others, secondly the freshwater area of the Black Sea, and then the Azores (less robust
clusters, Fig. 3). The coastal Norwegian and Baltic Sea regions (candidate provinces) formed a well-
defined northern realm. The Mediterranean and Black Sea province, and NE Atlantic shelf province
formed another potential realm. Moving southwards, the NW Africa coast province and Canary

Islands and Cape Verde provinces were closely related and could be considered a realm.
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Discussion

Our results advance previous research by identifying nine biogeographical provinces in European
and adjacent seas, including the north-western Atlantic coast of Africa, through the analysis of
distribution data for over a thousand species of marine amphipods, both pelagic and benthic.
Although many of the provinces we have identified follow the classification proposed by Spalding
et al. (2007) and the six realms proposed by Costello et al. (2017), this study fills a crucial gap in
the scientific literature, where a detailed differentiation of European basins is often lacking (e.g.,
Kocsis et al., 2018; Victorero et al., 2023). Compared with the few global studies that mention a
subdivision of the area, such as the analyses by Pamungkas et al. (2020) on polychaetes or by
Arfianti and Costello (2020a) on amphipods, this study offers a significantly higher spatial
resolution. Specifically, whilst Arfianti and Costello (2020a) identified a single, broad region
comprising the Mediterranean Sea, the Black Sea and the north-eastern Atlantic due to the global
scale of their approach, this targeted regional focus has made it possible to refine the
biogeographical definition into nine distinct provinces. This demonstrates that the use of marine
amphipods as target organisms, combined with a high sampling effort and geographical density of
occurrence data, makes it possible to reveal fine-scale regional subdivisions that are inevitably

aggregated or smoothed out in global-scale assessments.

Previous attempts to delineate biodiversity provinces or patterns in European waters were limited
both by the small size of the datasets used and by their restricted geographical scope. Historical
studies and local inventories had focused on sub-regional areas, such as the Azores archipelago
(Lopes et al. 1993), the French coastline (Dauvin and Bellan-Santini 2002, 2004) and the English
Channel (Dauvin 2022), or provided overviews of Mediterranean fauna (Bellan-Santini and Ruffo
2003) and specific habitats such as Posidonia oceanica meadows (Bellisario et al. 2019). It is only

recently that the geographical coverage of these inventories has been significantly extended west-
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south- and eastwards; Dauvin et al. (2025) provided an updated checklist for the Macaronesian
archipelagos and the coasts of north-western Africa, whilst Bakalem et al. (2024) compiled a
comprehensive inventory of amphipod diversity along the entire North African Mediterranean shelf,
from Morocco to Egypt. Further, laciofano et al. (2024; 2026) recently explored the Levantine
basin. Although these studies have successfully outlined local faunal affinities, their scope remained
constrained by fragmented geographical boundaries and the absence of a unified analytical
framework. This study overcomes these limitations by integrating and standardising the data from
these regional inventories into a single, cohesive European dataset; the merging of these local
records has ensured the statistical strength and sampling density required to precisely define the

boundaries of the nine marine provinces identified.

The cluster analysis revealed a particularly interesting pattern, namely the grouping of the Canaries
and Cape Verde province with the NW Africa coast province (AU = 97; Fig. 3). The NW Africa coast
province provides a continuous latitudinal connection along the Atlantic margins of Morocco and
Senegal. This pattern adds to the debate initiated by Freitas et al. (2019), who questioned the internal
coherence of the traditional Macaronesian concept and showed that the Canary Islands and Madeira
form a distinct ecological unit (“Webbnesia”), whereas Cape Verde displays a stronger affinity with
the African coast, although it remains influenced by the North West African Upwelling (NWAU),
which limits exchange with the mainland. Recent amphipod inventories by Dauvin et al. (2025a,
2025b) similarly suggest that Cape Verde is faunistically distinct from the northern archipelagos. By
contrast, our results indicate a persistent and unexpected biogeographical affinity, grouping the
Canaries and Cape Verde together for this taxon and then linking them to the NW Africa coast
province. This high faunal continuity (AU = 97%) suggests that ocean currents and similar coastal
habitats may have promoted faunal homogenisation along this subtropical latitudinal axis, potentially
reducing the effect of the thermal barrier traditionally associated with the NWAU. The contrast with

the patterns reported by Dauvin et al. (2025a, 2025b), despite their focus on the same taxonomic
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group, is likely related to the finer spatial resolution of our dataset. Unlike their approach, which
relied on predefined biogeographical regions based on geographical boundaries and a pre-existing
classification, our analysis revealed faunal affinities at a finer geographical scale. Consequently, our
results suggest that, in amphipods, the biogeographical boundary between Webbnesia and the West
African province may be more permeable than previously assumed and strongly shaped by local

oceanographic dispersal dynamics.

Upstream of the Afro-Macaronesian cluster, a second highly stable cluster can be observed,
comprising the Mediterranean and Black Sea marine province and the NE Atlantic shelf province
(AU =100, Fig. 3), which subsequently merges with the African cluster with 99% support. This
grouping describes the Atlantic-Mediterranean faunal transition along the Lusitanian province. As
highlighted by the benthic studies by Bakalem et al. (2024), the Strait of Gibraltar does not act as an
insurmountable barrier, but rather as an area of active exchange that allows many species from the
European continental shelf to colonise the Mediterranean basin and vice versa. According to the
classification by Spalding et al. (2007), the NE Atlantic shelf province also includes the English
Channel, a finding that is also supported by our results. This area acts as a biogeographical
transition zone between the Lusitanian and Boreal provinces; its biotic composition is governed by
a dynamic equilibrium between the appearance of boreal species during periods of cooling and that
of warm-temperate species during periods of warming (Dauvin 2026). This area offers highly
diverse benthic habitats (ranging from intertidal zones to the muddy, pebbly and rocky substrates of
the deep shelf), supporting a high level of biodiversity, with as many as 269 documented species of

amphipods (Dauvin 2022, 2026).

The similarity observed between the NE Atlantic shelf province and the Mediterranean and Black Sea
marine provinces is directly explained by a review of the geographical distribution of numerous
species. Several species of amphipods previously classified as Mediterranean endemics by Bellan-
Santini and Ruffo (2003) have subsequently been recorded in the waters of the north-eastern Atlantic,
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specifically from the southern sector off the coast of Portugal (Algarve) to the southern part of the
Bay of Biscay (Bachelet et al. 2003; Sampaio et al. 2016; Plicanti et al. 2017; Dauvin et al. 2021).
The inclusion of these new distribution data reduces the level of endemism calculated for the
Mediterranean compared with previous estimates, whilst increasing the overall species richness
between the two provinces and justifying the robustness of their statistical cluster. However, the
percentage of endemism observed in our study for the Mediterranean (amounting to 32 %) accurately
reflects the semi-enclosed nature of this basin and is close to the historical estimate of 38.5 % given

by Bellan-Santini and Ruffo (2003).

This extraordinary biological richness of the Mediterranean Sea is the result of its complex geological
history. During the Miocene and Pliocene, the isolation and dynamics of the basin favoured speciation
and the emergence of endemism (Bianchi et al. 2012). Subsequently, during the Quaternary, drastic
climatic changes acted as a sort of “biodiversity pump” (Bianchi and Morri 2000). This process,
characterised by cyclical waves of colonisation and extinction of boreal, temperate and tropical taxa,
has made the current Mediterranean biota a mosaic of different chorological categories (Bianchi et

al. 2012).

In this highly connected scenario, the position occupied by the Azores province in the dendrogram is
emblematic. The Azores do not join the cluster comprising the Canaries and Cape Verde but branch
off independently at the base of the entire European-African cluster. This marked statistical isolation
reflects the findings of Freitas et al. (2019), according to whom the archipelago’s volcanic and isolated
origin, combined with its considerable geographical distance from the mainland, the limited extent of
the island platforms shaped by interglacial cycles, and the influence of the Azores Current, drastically
restrict the gene flow and recruitment of coastal and benthic species, thereby establishing these islands

as a distinct biogeographical entity from the rest of Macaronesia.

The distinctive oceanographic and geomorphological characteristics of different marine basins can

exert a profound influence on levels of endemism and local biodiversity. The Black Sea is a prime
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example of this, as its geography, characterised by extremely limited water exchange with the
Mediterranean via the Turkish Straits, results in a deep anoxic environment where oxygen is confined
to the upper 150 m of the water column (Ozsoy and Unliiata 1997). Our findings reflect this
complexity, revealing a dual biogeographical identity for the Black Sea. On the one hand, the basin
appears to form part of a single bioregion with the Mediterranean (Mediterranean and Black Sea
marine), likely due to the hydrological continuity of the straits (though limited); on the other hand, a
distinct Black Sea freshwater province emerges. Although the latter has the lowest species richness
of the entire system and is linked to it only at a very high level of divergence (distance 0.92), it has a
high percentage of endemism (35 %). This biogeographical isolation and high level of endemism are
linked to a fauna dominated by species of Pontocaspian origin, such as Stenogammarus similis, S.
macrurus, S. deminutus, Obesogammarus obesus and O. crassus. However, it is essential to point out
that the clear statistical separation of this area and the high level of endemism could also derive from
our methodological choice. As these species are native to the Pontic-Caspian basin, they have been
excluded from other marine areas because they are classified elsewhere as non-indigenous species
(NIS). However, in addition to this methodological aspect there is a key ecological factor. The greatest
diversity of these species is concentrated in the north-western sector of the Black Sea and in the Sea
of Azov. In the former, the substantial inflow of freshwater from the Danube and Dnieper deltas
drastically reduces salinity, creating the ideal habitat for species of Pontocaspian origin (Grintsov
2022). The Sea of Azov, on the other hand, although a smaller and shallower basin connected via the
Kerch Strait, acts as a similarly favourable area thanks to the inflow of the Don and Kuban rivers,

which maintain the low salinity regimes necessary for these communities.

Moving northwards, the Baltic Sea province is a shallow, brackish coastal basin characterised by a
very low percentage of endemic species (6 %). This extremely low level of endemism is probably
attributable to the basin’s young geological age (approximately 10,000—15,000 years), a period too

short to allow for complex speciation processes and the development of a well-established endemic
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fauna (Lass and Matthaus 2008). In this ecosystem, the composition of the benthic community is
governed by a sharp salinity gradient and by oxygen availability. The rapid transition from marine
conditions to quasi-limnic regimes acts as a physiological filter, limiting colonisation to a small
number of species with markedly opportunistic biological traits (Ojaveer et al. 2010). At the same
time, the benthic fauna is heavily influenced by frequent episodes of hypoxia affecting the deeper
basins below the halocline; the sensitivity of most benthic organisms to low oxygen concentrations
often results in lifeless zones or communities with low diversity (Diaz and Rosenberg 1995; Wiklund
and Sundelin 2001). Overall, the interaction between the basin’s relatively recent evolutionary history
and these persistent environmental stresses explains why the species richness of the benthos, and in
our case of amphipods, in the Baltic Sea is significantly lower than in adjacent marine systems
(Ojaveer et al. 2010). Our analysis clearly distinguished the Coastal Norwegian Sea province, which
formed an isolated cluster together with the Baltic Sea (AU = 100, Fig. 3) in response to sharp boreal

climatic gradients.

The high overall percentage of endemic species found across the entire dataset (565 species,
accounting for 48 % of the total for the area) should come as no surprise, as most amphipods are
geographically rare. As they undergo direct development without a planktonic larval stage (Arfianti
and Costello 2020b), their dispersal outside their benthic habitat is primarily linked to nychthemeral
migrations, during which the speed and direction of the currents determine the trajectory of the
individuals during their nighttime pelagic sortie (Dauvin et al. 2024). Nevertheless, their
distribution patterns do not indicate a higher level of isolation than that of other marine taxa,
confirming a good overall dispersal capacity (Arfianti and Costello 2020a; Costello 2023) and
validating their effectiveness as indicators whose populations accurately reflect environmental
variables, bathymetric gradients and substrate quality (Carvalho et al. 2012). However, the

percentage of endemic species observed in areas such as the Mid N Atlantic province must be
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considered within its own spatial context, as it would likely decrease if the coasts of Greenland and

North America were included.

In summary, the hierarchical clustering analysis revealed a structure comprising nine provinces and
three possible major biogeographical realms: on the outer edge, the Mid N Atlantic province is
clearly grouped apart, followed by the Black sea freshwater province and the less robust Azores
cluster. Above this base, the Northern Realm is defined, comprising the Coastal Norwegian Sea and
Baltic Sea provinces; the Central Realm, formed by the close association between the
Mediterranean and Black Sea marine province and the NE Atlantic shelf province; and finally the
Southern Realm, which includes the closely related NW Africa coast province together with the

Canaries and Cape Verde province.

Our findings indicate that Marine Protected Area planning in Europe, should include strict
protection of areas in each of the following provinces: the Azores; Canary Islands and Cape Verde;
Baltic Sea; freshwaters of the Black Sea; Mediterranean and marine arecas of the Black Sea; North-
East Atlantic shelf; Mid North Atlantic (around Iceland) and Norwegian Sea. The exceptionally
high endemicity of the Mediterranean Sea makes protection there especially important, including
consideration of marine heatwaves and the narrow coastal shelf limiting available shallow habitat in

an area with an increase of numerous human activities.
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Table 1. Species excluded from the biogeographical analysis because they are non-indigenous species (NIS)
for the European Seas or species characterised by biogeographical or taxonomic uncertainties (e.g.
cryptogenic species, species complexes, etc.). For the references listed in the “STATUS” column see
supplementary material 1.

SPECIES

STATUS

Ampithoe valida S.1. Smith, 1873

Ampithoe bizseli Ozaydinli & Coleman, 2012
Aoroides curvipes Ariyama, 2004

Aoroides longimerus Ren & Zheng, 1996
Aoroides semicurvatus Ariyama, 2004
Bemlos leptocheirus (Walker, 1909)

Caprella andreae Mayer, 1890

Caprella danilevskii Czerniavsky, 1868

Caprella dilatata Kreyer, 1843

Caprella equilibra Say, 1818

Caprella mutica Schurin, 1935
Caprella penantis Leach, 1814

Caprella scaura Templeton, 1836

Cerapus tubularis Say, 1817
Elasmopus pectenicrus (Spence Bate, 1863)

Ericthonius didymus Krapp-Schickel, 2013

Gammarus tigrinus Sexton, 1939

Grandidierella bonnieroides Stephensen, 1947

Grandidierella japonica Stephensen, 1938

Hamimaera hamigera (Haswell, 1879)

Laticorophium baconi (Shoemaker, 1934)

NIS: Originally described in North America (Smith 1873).

NIS: Indo-Pacific origin (Ozaydinli & Coleman 2012).

NIS: Originally described in Japan (Ariyama 2004).

NIS: Originally described in China (Ren & Zheng 1996).

NIS: Originally described in Japan (Ariyama 2004).

NIS: Native origin Red Sea, Indian Ocean (Walker 1909).

It is an obligate rafter, found on artificial flotsam or associated with
the sea turtle Caretta caretta (Cabezas et al. 2013).

The fragmented distribution may be the result of human
introduction. Further investigation is needed to assess the true
native range and possible introductions (Marchini and Cardeccia
2017).

The fragmented distribution may result from human introduction
(native origin either southern America or Mediterranean Sea).
Further investigations are needed in order to assess native and
introduced range (Marchini and Cardeccia 2017).

The purported global distribution of this species, and the wide
range of reported habitats (from harbours to sea turtles) strongly
suggest the hypothesis of a multiple species complex (Marchini and
Cardeccia 2017).

NIS: Native to the subarctic waters of North-East Asia (Peter the
Great Bay, Vladivostok, Russia) (Schurin 1935).

Species associated both with ship fouling and marine turtles.
Molecular analyses revealed that C. penantis is actually a species
complex (Cabezas et al. 2013).

NIS: Native to the western Indian Ocean, is a species dispersed in
all seas and oceans around the world (Templeton 1836; Krapp et al.
2000).

C. tubularis was described from Long Island Sound, New York
(USA) (Lowry and Berents 1989).

Lowry and Hughes (2009) and Vader and Krapp-Schickel (2012)
point out that E. pectenicrus is in fact a group of cryptic species.
All the known European records of E. didymus (Lagoon of Venice,
Arcachon Bay, Port Camargue and Sdo Miguel, Azores) are from
sites of intense shellfish trade, and/or shipping and boating, which
are considered the most powerful vectors of introduction of marine
non-indigenous species in west ern Europe (Gouillieux et al. 2020).
NIS: Widespread species that occurs principally in estuaries of the
northwestern Atlantic and is distributed from the St. Lawrence
River in Quebec to Florida (Bousfield 1958, 1973).

NIS: The type material of G. bonnieroides was collected in
Bonaire, Netherlands Antilles, Caribbean Sea

(Stephensen, 1933). Introduced into the Mediterranean, probably
via the Suez Canal (Lo Brutto et al. 2016).

NIS: Native to the Japanese archipelago (Stephensen 1938;
Chapman and Dorman 1975).

The species has repeatedly been considered an alien species (Red
Sea immigrant) in the Mediterranean Sea (Bakir et al. 2014). Lowry
and Springthorpe (2005) concluded that H. hamigera is confined to
south-eastern Australia and that specimens from the Suez Canal and
the Mediterranean Sea belong to a different species.

NIS: Native to the Pacific coast of North and Central America
(Shoemaker 1934).
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Latigammaropsis togoensis (Schellenberg,
1925)

Linguimaera caesaris Krapp-Schickel, 2003

Melita nitida S.I. Smith in Verrill & Smith,
1874
Jassa marmorata Holmes, 1905

Jassa slatteryi Conlan, 1990

Monocorophium acherusicum (Costa, 1853)

Monocorophium insidiosum (Crawford, 1937)

Monocorophium sextonae (Crawford, 1937)

Monocorophium uenoi (Stephensen, 1932)
Paracaprella pusilla Mayer, 1890
Parametopella cypris Holmes, 1905
Photis lamellifera Schellenberg, 1928

Platorchestia platensis (Kroyer, 1845)

Ptilohyale littoralis (Stimpson, 1853)

Serejohyale spinidactylus (Chevreux, 1926)

Stenothoe gallensis Walker, 1904

Stenothoe georgiana Bynum & Fox, 1977

Cryptogenic species; further investigations are needed to ascertain
the identity and alien status of these populations (Marchini and
Cardeccia 2017).

Native to the Suez Channel (Walker 1909); Mediterranean coast of
Israel (Krapp-Schickel 2003); Red Sea: Gulf of Aqaba (Karaman
and Ruffo 1971). Status of lessepsian migrant in the Mediterranean
Sea (Christodoulou et al. 2013).

NIS: Native range to the Atlantic coast of North America, from the
Gulf of St. Lawrence, Canada to Yucatan, Mexico (Chapman 1988).
Neocosmopolitan species; Native range: Northwest Atlantic
(Beermann et al. 2020).

Neocosmopolitan species; Native range: Northern Pacific region
(Beermann et al. 2020).

Cryptogenic species; probably native of the Mediterranean Sea,
introduced along the Atlantic coast since the end of the 19" Century
(Massé et al. 2023).

This species has been so widely dispersed by shipping that its
original range is unknown, although it is likely placed in the North
Atlantic Ocean (Marchini and Cardeccia 2017).

Cryptogenic species; it may be native to the south-western Pacific,
an alien species in Europe and pseudo-native in the Mediterranean
Sea, or native to Europe and introduced elsewhere (Marchini and
Cardeccia 2017).

NIS: Species described from Japan (Stephensen 1932).

NIS: Native to the western Atlantic (Cabezas et al. 2019).

NIS: The east coast of the United States, from Cape Cod to Florida
(Holmes 1905).

NIS: Described in the Suez Canal, Zanzibar. Recorded as a
lessepsian migrant in the Mediterranean Sea (Ruffo 1959).

Locus typicus area in Uruguay (Kroyer 1845). It is highly likely
that this is a non-native species in European waters (Jensen 2010).
P platensis is a cosmopolitan and cryptogenic semiterrestrial
amphipod species inhabiting marine coasts all over the temperate
and tropical regions of the world (Hupalo and Grabowski 2018).
Type locality: Grand Manan Island (Canada), northern eastern
Atlantic coast (Lo Brutto and Iaciofano 2018).

NIS: For the Mediterranean Sea. Considered as an Atlantic endemic
species, S. spinidactylus has been first described from the Canary
Islands (Chevreux 1925).

NIS: Originally described from the Indian Ocean, Sri Lanka
(Walker 1904; Zakhama-Sraieb and Charfi-Cheikhrouha 2010).
NIS: Described from the Western Atlantic Ocean, North Carolina
(USA) (Bynum and Fox 1977; Martinez-Laiz et al. 2020).
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Table 2. Species excluded from the biogeographical analysis because they are freshwater and brackish
species. The asterisk (*) indicates species excluded from the biogeographical analysis. Non-indigenous
species (NIS) have been removed from the basins of introduction; species of Ponto-Caspian origin have been
considered exclusively for the Black Sea and the Sea of Azov. The remaining species have been included
only in the Baltic Sea and Black Sea/Azov Sea areas. For the references listed in the “HABITAT” column see
supplementary material 1.

SPECIES HABITAT
Pectenogammarus pungens (H. Milne Edwards,
1840) brackish, fresh *

Pectenogammarus stocki (G. Karaman, 1970)
Pectenogammarus veneris (Heller, 1865)
Longigammarus planasiae Messana & Ruffo, 2001
Neogammarus karamani (Stock, 1971)
Neogammarus rhipidiophorus (Catta, 1878)
Dikerogammarus villosus (Sowinsky, 1894)
Gammarus lacustris G.O. Sars, 1863

Gammarus nox Stock, 1995

Pectenogammarus oliviiformis (Greze, 1985)
Amathillina cristata Grimm in G.O. Sars, 1894
Dikerogammarus haemobaphes (Eichwald, 1841)
Dikerogammarus gruberi Mateus & Mateus, 1990
Dikerogammarus istanbulensis Ozbek, 2011
Pontogammarus aestuarius (Derzhavin, 1924)
Pontogammarus maeoticus (Sovinskij, 1894)
Pontogammarus robustoides (Sars, 1894)
Turcogammarus turcarum (Stock, 1974)
Chaetogammarus ischnus (Stebbing, 1899)
Litorogammarus karadagiensis (Grintsov, 2009)
Chaetogammarus placidus (G.O. Sars, 1896)
Chaetogammarus warpachowskyi (G.O. Sars, 1894)
Gmelina costata G.O. Sars, 1894

Gmelinopsis tuberculata G.O. Sars, 1896
Kuzmelina kusnezowi (Sowinsky, 1894)
Obesogammarus subnudus (G.O. Sars, 1896)
Yogmelina pusilla (G.O. Sars, 1896)
Lanceogammarus andrussow (G.O. Sars, 1896)
Shablogammarus shablensis (Carausu, 1943)
Compactogammarus compactus (G.O. Sars, 1895)
Pontogammarus sarsi (Sowinsky, 1898)
Pontogammarus weidemanni (G.O. Sars, 1896)
Niphargogammarus intermedius Carausu, 1943
Niphargoides corpulentus G.O. Sars, 1895
Obesogammarus crassus (G.O. Sars, 1894)
Obesogammarus obesus (G.O. Sars, 1894)
Paraniphargoides motasi (Carausu, 1943)
Pontogammarus abbreviatus (Sars G.O., 1894)
Stenogammarus compressus (G.O. Sars, 1894)
Stenogammarus deminutus (Stebbing, 1906)
Stenogammarus macrurus (G.O. Sars, 1894)
Stenogammarus similis (G.O. Sars, 1894)
Uroniphargoides spinicaudatus (Carausu, 1943)
Pandorites podoceroides G.O. Sars, 1895
Turcogammarus aralensis (Uljanin, 1875)
Gammarus pulex (Linnaeus, 1758)

Gammarus roeselii Gervais, 1835
Chaetogammarus trichiatus Martynov, 1932
Pseudoniphargus africanus Chevreux, 1901
Pseudoniphargus cupicola Stock, 1988
Pseudoniphargus littoralis Stock & Abreu, 1993

Brackish *

brackish, fresh *

Fresh *

brackish, fresh *

brackish, fresh *

brackish, fresh (Ponto-Caspian Species)
brackish, fresh

brackish, fresh *

brackish

brackish, fresh (Ponto-Caspian Species)
brackish, fresh (Ponto-Caspian Species)
fresh

fresh

brackish, fresh

brackish, fresh

brackish, fresh

fresh

brackish, fresh

brackish

brackish

brackish, fresh

brackish, fresh

brackish, fresh

brackish

brackish, fresh

brackish, fresh

brackish, fresh

brackish, fresh

brackish, fresh

brackish, fresh

brackish, fresh

fresh

brackish, fresh

brackish, fresh (Ponto-Caspian Species)
brackish, fresh (Ponto-Caspian Species)
fresh

brackish, fresh

brackish, fresh

brackish, fresh

brackish, fresh

brackish, fresh

brackish, fresh

brackish, fresh

brackish, fresh

fresh

fresh

brackish, fresh (Ponto-Caspian Species)
Fresh *

Brackish *

Brackish *
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Pseudoniphargus macrurus Stock & Abreu, 1993 Fresh *

Pseudoniphargus multidens Stock, 1988 brackish, fresh *

Pseudoniphargus porticola Stock, 1988 Brackish *

Pseudoniphargus portosancti Stock & Abreu, 1993 Fresh *

Pseudoniphargus salinus Stock, 1988 Brackish *

Pseudoniphargus leucatensis Bréhier & Jaume, 2009  Brackish *

Cryptorchestia cavimana (Heller, 1865) fresh, terrestrial (It is found exclusively in the freshwater
bodies of the island of Cyprus) (Ruffo et al. 2014).

Canariorchestia mateusi (Afonso, 1977) fresh, terrestrial

Chelicorophium curvispinum (G.O. Sars, 1895) brackish, fresh (Ponto-Caspian Species)

Chelicorophium robustum (G.O. Sars, 1895) brackish, fresh (Ponto-Caspian Species)

Chelicorophium sowinskyi (Martynov, 1924) brackish, fresh (Ponto-Caspian Species)

Chelicorophium chelicorne (G.O. Sars, 1895) brackish, fresh (Ponto-Caspian Species)

Chelicorophium maeoticum (Sowinsky, 1898) Brackish (Ponto-Caspian Species)

Chelicorophium mucronatum (G.O. Sars, 1895) Brackish (Ponto-Caspian Species)

Chelicorophium nobile (G.O. Sars, 1895) brackish, fresh (Ponto-Caspian Species)

Chelicorophium robustum (G.O. Sars, 1895) brackish, fresh (Ponto-Caspian Species)

Monoporeia affinis (Lindstrom, 1855) brackish, fresh

Gmelinoides fasciatus (Stebbing, 1899) brackish, fresh (NIS, Baikal origin (Dybowsky 1874;
Stebbing 1899))
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Table 3. List of rare species, that is those with only one record of occurrence.

Africorchestia fischeri (H. Milne Edwards, 1830)
Alicella gigantea Chevreux, 1899

Ampelisca bidentata Schellenberg, 1925

Ampelisca compacta Norman, 1882

Ampelisca ctenopus Schellenberg, 1925

Ampelisca declivitatis Mills, 1967

Ampelisca hupferi Schellenberg, 1925

Ampelisca monoculata Dauvin & Bellan-Santini, 1985
Ampelisca palmata K.H. Barnard, 1916

Ampelisca parabyblisoides Dauvin & Bellan-Santini, 1996
Ampelisca pusilla G.O. Sars, 1891

Ampelisca sorbei Dauvin & Bellan-Santini, 1996
Ampelisca troncosoi Tato, Esquete & Moreira, 2012
Amphilochus planierensis Ledoyer, 1977

Amphithyrus glaber Spandl, 1924

Amphithyrus muratus Volkov, 1982

Ampithoe fastidiosa Mateus & Mateus, 1991

Ampithoe grubiformis Reid, 1951

Ampithoe pomboi (Mateus & Alfonso, 1974)

Aora atlantidea Reid, 1951

Apherusa sarsii Shoemaker, 1930

Apohyale media (Dana, 1853)

Arculfia trago mediterranea Karaman, 1986

Aristias commensalis Bonnier, 1896

Aurobogidiella italica (G. Karaman, 1979)
Austrosyrrhoe septentrionalis Stephensen, 1931
Autonoe catalaunica Ruffo, Cartes & Sorbe, 1999
Autonoe longidigitans Bonnier, 1896

Basuto stimpsoni (Stebbing, 1908)

Bathymedon longirostris Jaume, Cartes & Sorbe, 1998
Bathyporeia elkaimi d'Udekem d'Acoz & Menioui, 2004
Bathyporeia ledoyeri d'Udekem d'Acoz & Menioui, 2004
Bathyporeia microceras d'Udekem d'Acoz & Menioui, 2004
Bathyporeia watkini d'Udekem d'Acoz, Echchaoui &
Menioui, 2005

Bogidiella madeirae Stock, 1994

Bonnierella abyssi (Chevreux, 1887)

Bonnierella abyssorum (Bonnier, 1896)

Britorchestia ugolinii (Bellan-Santini & Ruffo, 1991)
Byblis abyssi G. O. Sars, 1879

Byblis serrata S.1. Smith, 1873

Byblisoides bellansantiniae Peart, 2018

Cabogidiella littoralis Stock & Vonk, 1992

Calliopius rathkii (Zaddach, 1844)

Camacho faroensis Myers, 1998

Canariorchestia chevreuxi (de Guerne, 1887)
Canariorchestia mateusi (Afonso, 1977)

Caprella acanthifera discrepans Mayer, 1890

Caprella caulerpensis Guerra-Garcia, Sanchez-Moyano &
Garcia-Gomez, 2002

Caprella innocens Mayer, 1903

Caprella paramitis Guerra-Garcia, Sdnchez-Moyano &
Garcia-Gomez, 2001

Caprella pseudorapax Guerra-Garcia, Sanchez-Moyano &
Garcia-Gomez, 2001

Caprella stella Krapp-Schickel & Vader, 1998

Caprella telarpax Mayer, 1890

Caprella wirtzi Krapp-Schickel & Takeuchi, 2005
Carangolia barnardi Jaume & Sorbe, 2001

Centraloecetes bulborostrum (De-la-Ossa-Carretero & Marti,
2014)

Centromedon laevis (Bonnier, 1896)

Cerapopsis alexandri Munari, 2014

Cerapopsis takamado Menioui & Myers, 2001
Chaetogammarus placidus (G.O. Sars, 1896)
Chaetogammarus warpachowskyi (G.O. Sars, 1894)
Cheirocratus pseudosundevallii Gouillieux, 2019
Cleonardo neuvillei Chevreux, 1908
Cleonardopsis carinata K .H. Barnard, 1916
Cochinorchestia notabilis (K.H. Barnard, 1935)
Compactogammarus compactus (G.O. Sars, 1895)
Cressa minuta Boeck, 1871

Cressa quinquedentata Stephensen, 1931
Crybelocephalus birsteini Thurston, 1976
Ctenoscina brevicaudata Wagler, 1926

Ctenoscina macrocarpa (Chevreux, 1905)
Cyclocaris tahitensis Stebbing, 1888

Cystisoma latipes (Stephensen, 1918)
Dautzenbergia dentata (Chevreux, 1920)
Dautzenbergia grandimana (Chevreux, 1887)
Dikerogammarus istanbulensis Ozbek, 2011
Dulichiopsis nordlandica (Boeck, 1871)

Dulzura lobata Stock & Vonk, 1991

Dyopedos normani (G.O. Sars, 1895)

Elasmopus canarius Krapp-Schickel & Ruffo, 1990
Elasmopus perditus Reid, 1951

Gammaropsis anomala (Chevreux, 1926)
Gammaropsis minuta (Chevreux, 1926)
Gammarus edwardsii Spence Bate, 1863

Gazia ancheidos (K.H. Barnard, 1916)
Globosolembos francanni (D. M. Reid, 1951)
Hadzia acutus (Andres, 1978)

Halice macronyx (Stebbing, 1888)

Halicoides discovery Thurston, 1976

Haploops carinata Liljeborg, 1856

Haploops gascogni Dauvin & Bellan-Santini, 1996
Haploops lodo J.L. Barnard, 1961

Haustorius orientalis Bellan-Santini, 2005
Hippomedon tunisiacus Stephensen, 1915
Hornellia (Metaceradocus) perdentatus Chevreux, 1925
Hyale macrodactyla Stebbing, 1899

Hyale michelini Krapp-Schickel & Bousfield, 2002
Hyperietta parviceps Bowman, 1973

Hyperietta stebbingi Bowman, 1973

Hyperiopsis voringi G.O. Sars, 1885

lleraustroe ilergetes ilergetes (J.L. Barnard, 1964)
Iphigenella acanthopoda G.O. Sars, 1896
Joubinella ciliata Chevreux, 1908

Kerguelenia reducta Ledoyer, 1977

Lanceola loveni Bovallius, 1885

Lanceola sayana Bovallius, 1885

Laothoes pallaschi Coleman, 1999

Laphystiopsis planifrons G.O. Sars, 1893
Leptamphopus sarsi Vanhoffen, 1897

Leucothoe articulosa (Montagu, 1804)

Leucothoe brunonis Krapp-Schickel & Menioui, 2005
Leucothoe furina (Savigny, 1816)

Leucothoe spinulosa Chevreux, 1919

Linguimaera caesaris Krapp-Schickel, 2003
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Liropus minimus Mayer, 1890

Litorogammarus karadagiensis (Grintsov, 2009)
Longigammarus bruni G.S. Karaman, 1970
Macarorchestia microphtalma (Amanieu & Salvat, 1963)
Megamphopus longidactyla Chevreux, 1926
Mesometopa neglecta (Hansen, 1888)
Mesopleustes abyssorum (Stebbing, 1888)
Metacyphocaris helgae Tattersall, 1906
Metandania wimi Berge, 2001

Metopa leptocarpa G.O. Sars, 1883

Metopa palmata G.O. Sars, 1892

Mimonectes spandlii Stephensen & Pirlot, 1931
Nannonyx reductus Greze, 1975

Neogammarus adriaticus Karaman, 1973
Niphargoides corpulentus G.O. Sars, 1895
Nototropis smitti (Goés, 1866)

Nuuanu beatricis Jaume & Box, 2007
Obesogammarus subnudus (G.O. Sars, 1896)
Oedicerina ingolfi Stephensen, 1931

Oediceropsis proxima Chevreux, 1908

Orchomene pectinatus G.O. Sars, 1883
Oxycephalus longiceps Claus, 1879

Pandorites podoceroides G.O. Sars, 1895
Parandania gigantea (Stebbing, 1883)
Paraniphargoides motasi (Carausu, 1943)
Parargissa nasuta Chevreux, 1908

Parascelus parvus Claus, 1879

Parhyale hawaiensis (Dana, 1853)

Parhyale inyacka (K.H. Barnard, 1916)

Parhyale multispinosa Stock, 1987

Parhyale taurica Grintsov, 2009

Phippsia gibbosa (G.O. Sars, 1883)

Photis longicarpa Chevreux, 1926

Photis obesa Chevreux, 1926

Platyscelus crustulatus (Claus, 1879)

Pleustes (Pleustes) panoplus (Kroyer, 1838)
Podoceropsis angulosa Chevreux, 1920
Podocerus brasiliensis (Dana, 1853)

Podocerus senegalensis Chevreux, 1926
Pontocrates marmario Garcia Goémez & Myers in Garcia
Gomez, Myers, Avramidi, Grammatiki, Lymperaki, Resaikos,
Papatheodoulou, Louca, Xevgenos & Kiipper, 2024
Pontocrates norvegicus (Boeck, 1861)
Pontogammarus abbreviatus (Sars G.O., 1894)
Pontogammarus aestuarius (Derzhavin, 1924)
Primno brevidens Bowman, 1978

Proboloides grandimanum (Bonnier, 1896)
Psammogammarus initialis Stock & Sanchez, 1987
Psammogammarus spinosus Stock & Vonk, 1992
Psammogammarus stocki Vonk, 1990
Pseudorchomene plebs (Hurley, 1965)

Ptilohyale barnardi (Chevreux, 1926)
Quadrimaera ascensionis (K.H. Barnard, 1932)
Quadrimaera reishi (J.L. Barnard, 1979)
Racovella birramea Jaume, Gracia & Boxshall, 2007
Rhachotropis faeroensis Stephensen, 1944

Rhachotropis northriana d'Udekem d'Acoz, Vader &
Legezinska, 2007

Rostroculodes kroyeri (Boeck, 1870)
Rostroculodes longirostris (Goés, 1866)
Salentinella gracillima Ruffo, 1947

Scina excisa Wagler, 1926

Scina incerta Chevreux, 1900

Scina inermis Chevreux, 1919

Scina lamperti Vosseler, 1901

Scina latifrons Wagler, 1926

Scina megameros Chevreux, 1919

Scina oedicarpus Stebbing, 1895

Scina pacifica (Bovallius, 1887)

Scina pusilla Chevreux, 1919

Scina uncipes Stebbing, 1895

Scina wolterecki Wagler, 1926

Shablogammarus shablensis (Carausu, 1943)
Sicafodia iceage Campean & Coleman, 2017
Socarnes vahlii (Kreyer, 1838)

Socarnopsis obesa Chevreux, 1919

Sophrosyne robertsoni Stebbing & Robertson, 1891
Spelaeonicippe buchi (Andres, 1975)
Speziorchestia guernei (Chevreux, 1889)
Stegocephalus ampulla (Phipps, 1774)
Stenogammarus compressus (G.O. Sars, 1894)
Stenothoe bella Krapp-Schickel & Lo Brutto, 2022
Stenothoe levantina Krapp-Schickel & Lo Brutto, 2022
Stenothoe megacheir (Boeck, 1871)

Stenothoe richardi Chevreux, 1895

Stenula latipes (Chevreux & Fage, 1925)
Stygogidiella atlantica (Sanchez, 1991)

Synopia scheeleana Bovallius, 1886

Syrrhoites barnardi Karaman, 1986

Syrrhoites capricornia Bellan-Santini, 1985
Syrrhoites cornuta Bellan-Santini, 1985

Syrrhoites walkeri Bonnier, 1896

Talitrus cloguetii (Audouin, 1826)

Tethygeneia minuta (Chevreux, 1908)

Tritaeta chelata Chevreux, 1925

Tryphosella insignis (Bonnier, 1896)
Turcogammarus aralensis (Uljanin, 1875)

Unciola tenuipes Chevreux, 1920
Uroniphargoides spinicaudatus (Carausu, 1943)
Urothoe atlantica Bellan-Santini & Menioui, 2004
Valettiopsis macrodactyla Chevreux, 1909

Verdeia grandimana (Chevreux, 1908)

Vibilia chuni Behning & Woltereck, 1912

Vibilia pyripes Bovallius, 1887

Vibilioides alberti Chevreux, 1905

Victoriopisa atlantica Stock & Platvoet, 1981
Westwoodilla brevicalcar (Goés, 1866)
Wollastenothoe minuta Gouillieux & Navarro-Mayoral in
Navarro-Mayoral et al., 2024

Xystriogidiella spathulate (Stock & Rondé-Broekhuizen,
1987)
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records), and the species that characterised (i.e., distinguished) each province.

Provinces

Number of

Species that are

Table 4. Summary statistics of the nine biogeographical provinces ranked in order of endemicity, including
the numbers of geographic cells, records, and species; the dominant species (i.e., with the highest number of

Cells

Records Species

Dominant

Characterising

Endemic
(%)

1. Mid N Atlantic

. Black Sea

freshwater

. Mediterranean

and Black Sea
marine

. Canary Islands
and Cape Verde

. NW Africa

coast

. NE Atlantic

shelf

. Coastal

Norwegian Sea

. Azores

. Baltic Sea

18

33

10

1

2104 211

110 74

7252 683

402

318

434

345

4737

455

1753

208

78 78

838 142

Halirages
fulvocinctus

Dexamine

spinosa

Phtisica
marina

Mantacaprella
macaronensis

Ampelisca
serraticaudata

Gammarus
locusta

Arrhis
phyllonyx

Abludomelita
obtusata

Corophium
volutator

Andaniopsis pectinata;
Haliragoides inermis;
Caprella
microtuberculata;
Amphilochus hamatus;
Caprella ciliata
Stenogammarus similis; S.
macrurus; S. deminutus;
Obesogammarus obesus,
O. crassus

Hippomedon massiliensis,
Nototropis massiliensis,

Megaluropus massiliensis,;

Talitrus platycheles;
Deflexilodes griseus
Parandania boecki; Scina
wagleri atlantis;
Paratyphis parvus;
Mimonectes sphaericus,
Lycaea vincentii
Lepidepecreum
crenulatum,; Photis
antennata; Maeropsis
perrieri; Liropus gracilis;
Bathyporeia chevreuxi
Tryphosella sarsi;
Apherusa clevei;
Peltocoxa brevirostris;
Iphimedia nexa, Themisto
compressa

Syrrhoe crenulate;
Orchomene serratus;
Pardalisca cuspidate;
Centromedon pumilus;
Orchomene amblyops
Canariorchestia mateusi,;
Speziorchestia guernei,
Elasmopus perditus;
Caprella stella; Aora
atlantidea

Socarnes vahlii;
Calliopius rathkii;
Gammarus roeselii; G.
inaequicauda,
Pontoporeia femorata

53

35

32

21

14

12

26



4.000 km

=
Cell 44, Ligurian Sea

\/«/‘\,\

Figure 1. Maps of the study area showing (A) a total of 980 coordinate points, and (B) species occurrences.
Cell 44, located in the Ligurian Sea, Italy, has the highest number of records with 1,261 records of 333
species. (C) Species richness where Cell 41, located in the southern Tyrrhenian Sea, Italy, has the highest
number of species with 785 records of 385 species.
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Figure 2. The candidate biogeographic realms based on amphipod crustaceans. For details on the dominant
and characterizing species of each region see Table 4.
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Figure 3. Dendrogram obtained by hierarchical clustering of the presence of amphipod species in the study
area using Jaccard similarity coefficient distance. The red values at the base of the branches correspond to

AU (Approximately Unbiased) p-values, estimated by multiscale bootstrapping (n = 1000). By convention,
AU values > 95% indicate well-supported clusters.
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