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ABSTRACT

Reliable identification of non-indigenous species (NIS) is essential for preventing and managing biological invasions. In marine
environments, this process is often hampered by limited research on small-sized taxa and a decline in taxonomic expertise.
Misidentifications have been reported for decades and continue to occur in certain invertebrate groups. This study highlights this
issue within an amphipod genus currently invading the Mediterranean Sea. The Atlantic benthic amphipod Serejohyale spini-
dactyloides (Schellenberg, 1939) was sampled between 2016 and 2017 at two Sicilian intertidal sites: Stagnone di Marsala Lagoon
and Altavilla Milicia (southern Italy, central Mediterranean). Both sites were characterised by mytilid beds of the Lessepsian
mussel Brachidontes pharaonis (P. Fischer, 1870). The finding represents the first record of both the genus and the species in
Italian waters, and the second record of the genus in the Mediterranean since 2019 (Bizerte Lagoon, Tunisia). We provided a
redescription of S. spinidactyloides based on the Sicilian specimens and the holotype from the Museum fiir Naturkunde, Berlin.
Diagnostic characters of congeneric Serejohyale species were reassessed to improve future monitoring of NIS. Based on growth-
related morphological changes, we suggest a synonymy between Serejohyale ramalhoi (Reid, 1939) and Serejohyale spinidactylus
(Chevreux, 1926), and propose an updated Atlanto-Mediterranean distribution for the genus.

1 | Introduction

Two primary objectives of assessing marine biodiversity are eval-
uating species richness and identifying new species entering geo-
graphical areas where they had been absent before. Biodiversity
is globally declining, mainly due to anthropogenic pressures such
as habitat destruction, pollution, climate change and biological

invasions. Concurrently, our comprehension of the abundance
and distribution of numerous marine species remains con-
strained to specific cases (e.g., [1, 2]). This is due in part to per-
sistent taxonomic impediments [3-5], a lack of trained
specialists, and the limited scope or resolution of many monitor-
ing programmes, particularly in ecologically strategic areas and
less accessible habitats.
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The paucity of knowledge is well documented in the extant Med-
iterranean literature, which continues to report new records of
species even within well-studied taxa (e.g., Polychaeta; [6]) and in
habitats subject to intense scrutiny, such as harbour fouling com-
munities [1, 7, 8]. These findings suggest that taxa and habitats
which have been traditionally considered to be well-known are,
in fact, still underexplored or mischaracterised [9]. Consequently,
even subtle shifts in fauna may go unnoticed, impeding the
timely detection of biodiversity change.

Under such an assumption, detecting bioinvasion patterns
remains particularly challenging [9, 10]. Carlton and Schwindt
[11] emphasised the necessity of expanding both taxonomic and
habitat scopes in marine biodiversity assessments. The authors
advocate for the reinforcement of a biogeographical framework
as a core principle in regional and global bioinvasion studies,
especially in transitional or hotspot areas such as the Mediterra-
nean Sea. The order Amphipoda serves to illustrate these com-
plexities. Though it is a dominant component of benthic
communities and widely distributed across marine ecosystems,
its ecology, distributional range and functional traits remain
poorly understood in many regions [12-14]. The group is under
constant taxonomic revision, and its classification is regularly
updated via the World Amphipoda Database [15]. Despite this,
misidentification of amphipods is common due to the intra-genus
morphological similarity, the paucity of molecular diagnostic
characters and specific overlapping distributions, which can dis-
tort biodiversity assessments and invasion record detection.

A notable example is Ptilohyale explorator (Arresti, 1989) [16],
which was initially listed as a non-indigenous species (NIS) in the
Mediterranean Sea, causing a domino effect on successive papers
and reports. Later, it was revealed to be Parhyale plumicornis
(Heller, 1886) [17], a native and likely endemic Mediterranean
species, thanks to a taxonomic clarification [18, 19]. These studies
refined the species diagnosis and paved the way for the accurate
recognition of a further Ptilohyale species as a truly non-indige-
nous genus in the basin, marked by a verified first record [20].

This paper presents a case study illustrating how biased taxo-
nomic assessments can generate significant gaps in understand-
ing bioinvasion dynamics, a key limitation also noted by Ojaveer
et al. [3] and Carlton and Schwindt [11]. In this study, we under-
take a thorough re-examination of the diagnosis of species within
the genus Serejohyale. We propose a taxonomic revision involv-
ing synonymy and provide an update on the known distribution
of the congeneric members.

The first Italian record of Serejohyale spinidactyloides (Schellen-
berg, 1939) [21], collected on Brachidontes pharaonis (P. Fischer,
1870) [22] mussel beds in Sicily, is herein reported. Sicily is the
Mediterranean’s largest island, bordered by the Tyrrhenian Sea
to the north, the Ionian Sea to the east and the Strait of Sicily to
the south. It serves as a strategic natural observatory for moni-
toring marine biodiversity [6, 23, 24]. A plethora of studies have
emphasised its importance in detecting both neglected native
taxa and invasive NIS within the Mediterranean Sea [8, 9, 25].

The genus Serejohyale, which was first described by Bousfield
and Hendrycks [26], encompasses four species that inhabit shal-
low coastal environments. The following species are recognised:
Serejohyale ramalhoi (Reid, 1939) [27], S. spinidactyloides [21],
S. spinidactylus (Chevreux, 1926) [28], and S. youngi (Serejo,

2001) [29]. With a known pan-Atlantic distribution [29], the
genus appears to be expanding into the Mediterranean Sea |30,
31], making it a relevant model for investigating the challenges of
marine bioinvasion monitoring, taxonomic resolution and the
ecological significance of overlooked or cryptogenic species.

2 | Materials and Methods

A study of the littoral benthos marine communities was con-
ducted, aiming to detect rare or overlooked amphipod species.
The amphipod individuals here investigated were found associ-
ated with the mytilid Brachidontes pharaonis (P. Fischer, 1870), a
non-indigenous mussel originating from the Red Sea that has
successfully colonised the Mediterranean Sea passing through
the Suez Canal [2]. The mytilid aggregations were collected
by hand from two different intertidal stations: in Stagnone di
Marsala Lagoon (Western Sicily, Southern Tyrrhenian; 37°52
N-12°28" E), November 2016, and in Altavilla Milicia locality,
close to Palermo city (Western Sicily, Southern Tyrrhenian;
38°3’ N-13°33' E), January 2017.

The material examined was identified under a stereomicroscope
by following the taxonomic keys [26, 29] and the comparison
with the holotype. Photos were produced (Figures 1 and S1)
highlighting the diagnostic characters. The body lengths, from
tip of rostrum to apex of telson, were measured using ImageJ
software. Selected specimens were dissected under a microscope.
All appendages were drawn using a camera lucida and iconogra-
phy was produced (Figures 2 and S2). The absence of sufficient
quantitative data did not lead to performing statistical analyses.

The holotype of Serejohyale (formerly Hyale) spinidactyloides [21]
was requested from the Crustacean Collection of the Museum fiir
Naturkunde, Berlin, Germany. The type material code ZMB-
25065 was loaned to the authors of the present paper and used
to draw the iconography. Regrettably, following a move, the
holotype was lost. The present paper reports the drawings of
appendages observed from the entire specimen and the related
photo (Figures S1 and S2). A further note to designate the neo-
type is planned.

The characters detected in the Sicilian specimens were compared
with those shown in the other co-generic species, including their
original descriptions and further redescriptions.

Al, first antenna (antennula); A2, second antenna (antenna); Cx
1-7, coxal plates of the first to the seventh peraeopod; Ep1-Ep3,
first to third epimeral plates; Gn1, first gnathopod; Gn2, second
gnathopod; Lb, lower lip (labium); Lbr, upper lip (labrum); Md,
mandible; Mx1, first maxilla (maxillula); Mx2, second maxilla
(maxilla); Mxp, maxilliped; P3-P7, third to seventh pereopods;
P11-P13, first to third pleopods; U1-U3, first to third uropods; T,
telson.

3 | Results

One hundred and sixteen individuals were collected associated
with the mussel Brachidontes pharaonis and identified as belong-
ing to the Serejohyale genus thanks to the presence of two
peduncular distal spines on the first uropod (Figure 1). The iden-
tification to species level was performed through the taxonomic
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A)

B)

©

FIGURE1 | Serejohyale spinidactyloides, Italian specimen. (A) Habitus, male 6.84 mm; scale bar 1 mm. (B) Focus on the second gnathopod. (C) First

uropod with focus (arrows) on the distomedial and the distolateral peduncular spines, diagnostic character for the Serejohyale genus.

key by Bousfield and Hendrycks [26] and the descriptions in
Serejo [29] and Schellenberg [21]. It corresponded to Serejohyale
spinidactyloides [21], which was confirmed by the comparison
with the museum holotype (Figures S1 and S2). The number of
specimens collected in the different stations of the two localities
is shown in Table S1; 73 individuals were collected at the Stag-
none di Marsala Lagoon locality and 43 at the Altavilla Milicia
locality. Both populations included males, females and juveniles.
The length ranged between 4.73 and 6.84 mm in males, 3.73 and
6.56 mm in females and 3.34 and 4.93 mm in juveniles, with a
mean value equal to 5.3 mm overall (Table S2).

3.1 | Morphological Re-Description of Serejohyale
spinidactyloides

The following characters were observed in the Italian samples
and the holotype specimen (Figures 2 and S2). Male, 7.3 mm.
Head with large and oval eyes. Antenna 1 reaching about 1/5
of body length; flagellum with 6-8 articles. Antenna 2 reaching
about 1/4 of body length; flagellum with 7-10 articles. Upper lip
large with many short apical spines. Mandible without palp;
molar process powerful; lacinia mobilis with a single row of six
teeth. Maxilla 1 inner lobe with two feathered apical spines, outer
lobe as long as the inner lobe and defined by seven spines
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FIGURE 2 | Iconography of Serejohyale spinidactyloides, Sicilian specimen. See text for terminology. Scale bar 0.1 m.

strongly serrated; palp 1-articulated, constricted in the middle,
with one short apical seta. Maxilla 2 inner lobe with 10 dentate
spines, several simple setae and two plumose setae. Maxilliped
palps robust, maxilliped inner lobe reaching the second article of
the palp, defined by three apical teeth and a few setae.

Gnathopods 1-2 distinctly different in size. Gnathopod 1 basis
robust; carpus large and lobate with 17 setae; propodus posterior
margin with a medial group of setae, palm slightly oblique,
defined by stout spine; dactylus fitting palm. Gnathopod 2 basis
and ischium lobate; propodus palm straight with few spines and
setae, proximally with concavity to fit dactylus, bordered by two
spines; dactylus fitting palm. Coxae 1-4 with cusp, posterior pro-
cesses acutely produced.

Pereopod 3 propodus posterior margin with four groups of spines
sub-equal in length. Pereopod 4 propodus posterior margin with
five groups of spines, sub-equal in length. In both pereopods the
penultimate spine is surrounded by long setae. Pereopods 5-7
basis expanded; propodus anterior margin with two groups of
spines followed by a spine surrounded by setae and one distal
spine larger than the others, inserted near dactylus articulation.
Pereopods 5-7 postero-medial margin lacking setae. Inner mar-
gin of dactylus of pereopods 3-7 striate, sub-terminal setae very
stout and striate, resembling bifid dactylus.

Epimeral plates 2-3 with postero-ventral margin slightly sinuous.
Uropod 1 peduncle robust, slightly longer than rami, with five
spines on outer margin, one spine on inner margin and two
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well-developed distolateral spines (stout distolateral and disto-
medial spines sensu [26]); rami with two marginal spines and
several distal spines. Uropod 2 shorter than uropod 1; peduncle
robust with four spines on outer margin and one spine on inner
margin; rami with one-two marginal spines and two—three apical
spines. Uropod 3 peduncle with two distal spines, one spine less
than 1/5 length of the other; ramus with five distal spines. Telson
deeply cleft.

Female, 5.9 mm. Gnathopod 1 palm oblique with several long
setae, defined by two large spines. Gnathopod 2 larger than
gnathopod 1; carpus well-developed; palm oblique with several
long setae, defined by two large spines. Second oostegite triangu-
lar, third and fourth oostegites rectangular and fifth oostegite
sub-triangular and smaller than other ones.

3.2 | Morphological Comparison Among
Congeneric Species

According to the taxonomic literature, three diagnostic features
in males were selected to compare the original descriptions and
iconographies in previous papers of the four Serejohyale species,
aiming to clarify and validate the effective distribution of the
congeneric species. The characters were (1) the shape of the
propodus of the second gnathopod; (2) the length of the distal
spine on the sixth and seventh pereopods adjoining the dactylus;
(3) the presence of a group of setae on the medial posterior
margin of the propodus of the sixth and seventh pereopods.
The comparison is outlined in Figure 3 and shows which species
share the same characters and which identifications from the
literature should be revised.

Based on the selected characters, Serejohyale cf. youngi recorded
by Krapp-Schichkel et al. [30] in Tarifa Island in the Strait of
Gibraltar, a transition area across the Atlantic and Mediterra-
nean Sea, should be identified as Serejohyale spinidactyloides.
The S. cf. youngi specimens recorded by Krapp-Schichkel et al.
[30] were different from the description by Serejo [29], where
S. youngi shows the Gn2 propodus palm straight, parallel to the
anterior margin and the distal spine on the propodus of pereo-
pods 5-7 is smaller, about half the size of the proximal spines.

Serejohyale ramalhoi [27] should be placed in synonymy with
Serejohyale spinidactylus. The original descriptions of the two
species did not show differences. Further, S. ramalhoi was col-
lected only once by Reid [27] and within the geographical range
of S. spinidactylus. Serejohyale ramalhoi could be considered a
morphotype of S. spinidactylus, as a result of the common poly-
morphism within the family Hyalidae, correlated to the growth of
specimens.

Arresti [32] described a variation of the propodus palmar margin,
from younger to older specimens, demonstrating a variation of
the shape of the second gnathopod along the growth, as also
observed by Serejo [29]. Based on such previous observations,
the second gnathopod described in S. ramalhoi could be an
old-aged stage with a proximal protuberance of the palmar mar-
gin, a concave palm and the dactylus very long, thin at the apex
and broad at the base, fitting palm (Figure 3). Considering the
adult S. ramalhoi as an older stage of S. spinidactylus, the former
having 12 flagellum articles in antenna 1 and 20 in antenna 2
compared to the 12 and 16-17 of the latter, a meristic character

increasing with moults, it could be another example of morpho-
logical changes during growth of S. spinidactylus.

4 | Discussion

A rapidly changing global climate is causing a worrying decline
in fragile marine ecosystems around the world. The impact on
ecosystems is becoming increasingly extreme, particularly in
coastal and littoral habitats, which are highly vulnerable to
increasing stressors [33]. It is imperative to study the species
inhabiting shallow waters and their association with stress and
changing environmental conditions, as this knowledge is of the
utmost importance for effective ecosystem monitoring [33, 34]. In
these exposed habitats, intertidal amphipods play a pivotal role as
herbivores, detritivores and macropredators, thereby constituting
a crucial component of aquatic communities [15]. These organ-
isms have adapted in accordance with their semi-terrestrial and
amphibious lifestyle [34]. This particular taxonomic group has
been identified as being highly susceptible to the spread of NIS
[35]. It highlights the value of amphipod monitoring as a tool for
assessing the ecological impacts of bioinvasion-related stressors
[36, 37].

The Serejohyale genus was considered endemic to the rocky surf
beaches of the north and south Atlantic Ocean [26]. Recently, it
has entered the Mediterranean Sea, spreading along coastal habi-
tats. The first record of the genus in the Mediterranean basin
occurred in Tunisia (Bizerte lagoon) in 2017 [31]. The authors
collected Serejohyale spinidactylus among algae and Cymodocea
nodosa meadows. Subsequently, Serejohyale spinidactyloides was
collected along the Sicilian coast, on the mytilid Brachidontes
pharaonis beds (this paper).

The biogenic habitats constructed by B. pharaonis are known to
host alien species in high abundances [38]. The present paper
highlights a further case of NIS, the Atlantic Serejohyale spini-
dactyloides, settled on such Lessepsian NIS, in two different local-
ities, which could support an instance of ‘invasional meltdown’
(sensu [39]). Invasional meltdown is a hypothesised phenome-
non in which the successful establishment of one invasive species
in a new environment facilitates other NIS to invade [39]. The
cases concerning amphipod species are not rare. Several marine
NIS are modifying the habitat in a way that favours introduced
amphipod species over the natives. The example of the invasive
bryozoan Amathia verticillata, frequently found in association
with highly abundant non-indigenous amphipods [40], under-
scores how specific traits of the basibiont, such as its arborescent
structure and capacity for massive growth, can facilitate the
establishment of non-indigenous amphipod species.

Such associations illustrate how habitat-forming invaders may
act as ecological catalysts for amphipods, amplifying the success
of subsequent colonisers. Understanding these dynamics is there-
fore crucial for predicting invasion trajectories and for develop-
ing targeted management strategies to mitigate cascading
impacts on native biodiversity. Future records of S. spinidacty-
loides in the Mediterranean will be essential to clarify whether
B. pharaonis exerts a positive influence on its establishment and
persistence.

The observed association between a non-indigenous basibiont
and a non-indigenous vagile amphipod species represents a
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particularly relevant model for advancing our understanding of
how habitat-forming species shape bioinvasion dynamics. Such
interactions may significantly enhance the establishment success
of secondary invaders, thereby amplifying invasion impacts. Con-
sequently, habitat-forming NIS should be regarded as a critical
risk factor in bioinvasion alerts and monitoring strategies.

The results obtained demonstrate the presence of two species of
Serejohyale in the Mediterranean Sea: S. spinidactylus in the
Tunisian coast [31] and S. spinidactyloides in the southern Italian
coast. It is noteworthy that neither species is native to the Medi-
terranean basin, and, as such, they should be considered as early
detection records.

In view of the occurrence of the two non-indigenous Serejohyale
species in the Mediterranean Sea, a reassessment of the morpho-
logical diagnostic characters (Figure 3) was conducted, and an
updated taxonomy and biogeographical distribution of the genus
(Figure 4) was proposed. The establishment of the three valid
species is reported as follows: S. youngi, S. spinidactylus and
S. spinidactyloides.

Serjohyale ramalhoi [27] is here considered a synonym of S. spi-
nidactylus. Both original descriptions reveal no diagnostic differ-
ences, and the former was reported only once within the latter’s
distributional range. Morphological variation in the second
gnathopod and antennal segmentation, previously interpreted

as species-level distinctions, is more consistent with growth-
related polymorphism common in Hyalidae. Thus, S. ramalhoi
likely represents a morphotype of S. spinidactylus.

Serejohyale youngi should be considered endemic to the Brazilian
coast in the western Atlantic area. It occurred in three localities:
Rio de Janeiro (locus typicus), Sdo Paulo and Bahia [29] (Figure 3).
Serejohyale spinidactylus is distributed in the eastern Atlantic
Ocean, from the Spanish coast of the Gulf of Biscay to the Gulf
of Guinea, in the equatorial region [27, 32, 41-44]. It recently
occurred in the Strait of Gibraltar [30], the Atlanto-Mediterra-
nean transition zone and in the southern Mediterranean Sea
(Tunisia; [31]) (Figure 4). Serejohyale spinidactyloides was
described and detected in the east-central equatorial Atlantic
region [21, 45]; successively, reported in the Strait of Gibraltar
[30] and in the central Mediterranean Sea (this paper) (Figure 4).

Serejohyale spinidactylus and S. spinidactyloides are distributed in
the eastern Atlantic Ocean with a partially overlapping native
geographical range. Robust diagnostic characters were herein
recognised to overcome the typical polymorphism along the
growth, that is, from juveniles to adult males [29, 32], which often
obscure the correct taxonomic identification and monitoring
[5, 46].

As the NIS monitoring is of interest at an international scale [25],
supporting efforts to prevent the introduction and spread of NIS

Genus Serejohyale Bousfield and Hendrycks [22]

Genus/ Uropod 1, peduncle with stout one distolateral
character and one distomedial spine [22]

Proposed species Serejohyale spinidactyloides [24]

Pereopods 3-7, dactyls inner margin striate,
with stout striated median seta [22]

Serejohyale spinidactylus [35] Serejohyale youngi [25)

Serejohyale youngi

Sercjohyale spinidactylus

Revised species/ Serejohyale
character spinidactyloides [24]

Serjohyale

drawn according to spinidastybes 3]

Krapp-Schichkel et al. [26]

young, according to

Shape of Propodus palm straight with few spines and setae,
Gn2 propodus proximally with concavity to fit dactylus,
bordered by two spines; dactylus fitting palm

Distal spines on
propodus of Distal spine larger than the others na
pereopods 5-7

Medial posterior
margin of propodus
of pereopods 6-7

Lacking setae

adult, according to
Arresti [28] Arresti [28]

Propodus palm with a concavity and a distal process, with few spines (lost in older specimens) and setae; dactylus fitting palm, in some cases very long, thin at the apex and broad at the
base, reaching well to the end of the palmar margin

Distal spine a little longer than the proximal spine na na na

Sercjohyale
according to Serejo [25)

Sercjohyale ramalhoi  Serejohyale ramalhoi

drawn according to 1231 juvenile 23] adult

Krapp-Schichkel et al. [26]

Sergjohyale youngi [25]

Propodus palm straight,
parallel to the anterior
margin, with few spines
and setae, proximally
with concavity to fit
dactylus, bordered by
two spines.

Distal spine smaller,
about half the size of the
proximal spines

na

With group of setae Lacking setae

FIGURE 3 | Schematic representation of the diagnostic characters of the genus Serejohyale (above), regarding the uropod 1 and the pereopods 3-7.
(Below) A scheme comparing the diagnostic characters among the original descriptions and the identifications of congeneric species retrieved from the
literature. According to the comparison, Serejohyale cf. youngi recorded by Krapp-Schichkel et al. [30] should be ascribable to Serejohyale spinidacty-
loides; and Serejohyale ramalhoi should be placed in synonymy with Serejohyale spinidactylus.
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Atlantic Ocean

Serejohyale spinidactyloides [24]
Serejohyale spinidactylus [35]
Serejohyale youngi [25]

Created with mapchart.net

Biogeographic sector IDonmap  Species Locality Country Date of sampling ~ Reference Note
‘Western Atlantic Ocean 1 S. spinidactylus Canary Islands Spain Before 1925  Chevreux [35] Type locality
2 S. spinidactylus Rio do Ouro, Sdo Tomé Island Sao Tomé e Principe 1935 Pirlot [36]
3 S. spinidactylus Cape Verde Cape Verde Before 1950  Ruffo [37]
4 S. spinidactylus Fayal, Azores Portugal 1945-1946 Reid [38]
5 S. spinidactylus Coast of the Basque Country Spain Before 1996  Arresti [28]
6 S. spinidactyloides Landana and Malembe Angola 1937 Schellenberg [24] Type locality
7 S. spinidactyloides ~ Ascension Island United Kingdom 1980 Biernbaum [39]
8  S.spinidactylus ~ Madeira Island Portugal Before 1939 Reid [23] Type locality of S. ramalhoi, here proposed synonym
South Eastern Atlantic 9 S. youngi Praia Rasa, Bazios, Rio de Janeiro Brazil 1996 Serejo [25] Type locality
Ocean 10 S. youngi Praia do Poco. Itanhaém, Sdo Paulo  Brazil 1996 Serejo [25]
11 S. youngi Morro de Sao Paulo, Bahia Brazil 1996 Serejo [25]
Atlanto-Mediterranean 12 S. spinidactyloides  Tarifa Island in the Strait of Gibraltar Spain 2007 Krapp-Schichkel et al. [26] Reported as S. cf. youngi
transition area 13 S. spinidactylus Tarifa Island in the Strait of Gibraltar Spain 2007 Krapp-Schichkel et al. [26]
Mediterranean Sea 14 S. spinidactylus Bizerte lagoon Tunisia 2017 Khammassi et al. [27]
15 S. spinidactyloides Stagnone di Marsala (Sicily) Ttaly 2016 This paper
16 S. spinidactyloides  Altavilla Milicia (Sicily) Ttaly 2017 This paper

FIGURE4 | Occurrence of the three Serejohyale species, including the sampling sites of this paper (ID 15 and 16). The details of the records pointed
out on the map are summarised in the table.

should be based on the assumption that we can correctly identify ~ of the small-sized phyla due to limited research efforts and the
NIS. Yet, in the marine realm, there persists a paucity of infor- ongoing loss of taxonomic expertise [11]. The misidentification of
mation and a considerable degree of uncertainty regarding many  taxa mistaken for indigenous species, and vice versa, cannot be
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considered rare in the last decades [3, 47], and there is evidence
to suggest that this bias is continuing for certain taxa [5, 11, 19].
This is especially true for small, morphologically variable taxa
like the amphipods. In the absence of a rigorous identification,
the distinction between native and non-native faunas can
become indistinct.

In order to address this issue, it is necessary to integrate a number
of approaches, including morphological analysis, DNA barcod-
ing, validated species inventories and expert taxonomic networks
[48, 49]. Nevertheless, despite the existence of these tools, persis-
tent challenges persist, including the limitation of regional base-
lines. Taxonomic expertise is reducing globally, and the
Mediterranean region is facing a critical shortfall in capacity to
document faunal change at a local scale [11, 50].

4.1 | Status of Non-Native Established Species for
the Mediterranean Sea

Serejohyale spinidactyloides is here recommended as a non-native
established species (sensu Soto et al. [51]) currently invading the
Mediterranean Sea. It is a non-native species that has established
self-sustaining populations in the new area, as demonstrated by
the Mediterranean samples of different maturity stages (adults
and juveniles).

This statement follows the ‘Biogeographic Barrier Criterion’
sensu Essl et al. [52], which assigns the status of non-native (or
alien) to a taxon crossing biogeographic barriers between the
range edge and the new occurrence area.

The genus Serejohyale has its historic biogeographic boundaries
in the Atlantic region, where S. spinidactyloides native range was
demonstrated to be located (Figure 4). The species was first
recorded in the eastern tropical Atlantic region and subsequently
detected in the temperate Mediterranean Sea. Its present distri-
bution appears to be disjunct (Figure 4), a pattern that is more
consistent with human-mediated spread than with a natural
range expansion.

A natural dispersal beyond its native biogeographic range would
be expected to occur through a progressive and stepwise expan-
sion, accompanied by sequential records along the Atlanto-Med-
iterranean trajectory. However, such a pattern has not been
observed.

The Atlanto-Mediterranean axis is among the most intensively
investigated marine areas for amphipods. Data retrieved from the
Global Biodiversity Information Facility (GBIF) [53, 54], indicate
more than 2000 occurrence records of Amphipoda within this
area. Hence, given this extensive sampling effort, it is reasonable
to assume that Serejohyale spinidactyloides inhabiting shallow,
accessible habitats would have been detected, if present, along
the hypothesised natural expansion pathway. Conversely, the
discontinuous distribution pattern suggests the involvement of
introduction vectors capable of facilitating a long-distance trans-
port and subsequent establishment in the Mediterranean area.

The earlier findings also fit with the ‘Prior Absence Criterion’ for
recognising non-native species sensu Carlton and Schwindt [11].
According to the authors, the evidence of prior absence is one of
the strongest criteria for recognising a non-native species,

especially for species unlikely to have been overlooked for dec-
ades in well-studied areas.

Acknowledgments

The authors are grateful to the Curators Crustacea collection of the
Museum fiir Naturkunde, Berlin, Germany and to an anonymous
reviewer for her/his helpful suggestions.

Funding

This project was funded by the FFR grant of the University of Palermo
and under the National Recovery and Resilience Plan (PNRR), Mission 4
Component 2 Investment 1.4—Call for Tender Number 3138 of 16
December 2021, rectified by Decree Number 3175 of 18 December 2021
of Italian Ministry of University and Research funded by the European
Union - NextGenerationEU. Award Number: Project Code
CN_00000033, Concession Decree Number 1034 of 17 June 2022 adopted
by the Italian Ministry of University and Research, CUP
B73C22000790001, Project Title 'National Biodiversity Future Center —
NBFC’. Open access publishing facilitated by Universita degli Studi di
Palermo, as part of the Wiley - CRUI-CARE agreement.

Conflicts of Interest

The authors declare no conflicts of Interest.

Data Availability Statement

The data that support the findings of this study are available in the
Supporting Information section of this article.

References

1. G. Martinez-Laiz, M. Ros, J. M. Guerra-Garcia, et al., “Scientific
Collaboration for Early Detection of Invaders Results in a Significant
Update on Estimated Range: Lessons From, Stenothoe georgiana, Bynum
& Fox 1977,” Mediterranean Marine Science 21, no. 2 (2019): 464-481.

2. M. Battiata, T. Curatolo, M. D. Naser, et al., “The State of the Art of the
Global Distribution of the Invasive Mytilid Species Brachidontes
pharaonis (P. Fisher, 1870),” Diversity 16, no. 7 (2024): 381.

3. H. Ojaveer, B. S. Galil, D. Minchin, et al., “Ten Recommendations for
Advancing the Assessment and Management of Non-Indigenous Species
in Marine Ecosystems,” Marine Policy 44 (2014): 160-165.

4. C. 0. Coleman, “Taxonomy in Times of the Taxonomic
Impediment-Examples From the Community of Experts on Amphipod
Crustaceans,” Journal of Crustacean Biology 35, no. 6 (2015): 729-740.

5. S. Lo Brutto, E. Schimmenti, D. Iaciofano, et al., “The Morphological
Diversity Within a Species Can Obscure the Correct Identification,”
Zoologischer Anzeiger 299 (2022): 106-114.

6. E. Schimmenti, L. Musco, S. Lo Brutto, et al., “Mediterranean Record
of Eulalia ornata (Annelida: Phyllodocidae) Corroborating Its Fidelity
Link With the Sabellaria alveolata Reef Habitat,” Mediterranean Marine
Science 17, no. 2 (2016): 359-370.

7. S. Lo Brutto, A. Badalucco, and L. Musco, “First Occurrence of the
Family Botryllophilidae Sars G.O., 1921 (Copepoda, Cyclopoida) in Sicily,
Central Mediterranean Sea,” Crustaceana 97, no. 3-4 (2024): 321-328.

8. S. Lo Brutto, A. Badalucco, and H. Smit, “First Occurrence of the Mite,
Litarachna Duboscqi, Walter, 1925 (Acariformes: Pontarachnidae) in the
Central Mediterranean Sea,” Ecologica Montenegrina 74 (2024): 21-26.

9. J. M. Guerra-Garcia, T. Revanales, P. Saenz-Arias, et al., “Quick
SpReading of the Exotic Amphipod Laticorophium baconi (Shoemaker,

8 of 10

Journal of Zoological Systematics and Evolutionary Research, 2026

BSUB01T SUOWILIOD BA1ER1D 3|qedtdde ay) Ag peueob aJe sajoile YO s JO SaINI o} Akeiqi8uluO A8]1M UO (SUOIIPUOD-PLE-SLLLBYWI0D" AS | 1M AseIq 1U 1 |UO//SANY) SUONIPUOD PUe sWwd L 8U) 89S *[920¢/.0/60] Uo AriqiTauluo AB|IM Bfed 1a 1S 11Bea Aiseaun Aq 89065ST/AZ//SSTT 0T/0pA0d 3| M Are.q i Buluo//:sdiy Wwo. papeojumoa ‘T ‘9z0e ‘szl



1934): Another Small Stowaway Overlooked?” Mediterranean Marine
Science 24, no. 3 (2023): 644-655.

10. A. Zenetos and M. Galanidi, “Mediterranean Non-Indigenous Species
at the Start of the 2020s: Recent Changes,” Marine Biodiversity Records 13,
no. 1 (2020): 10.

11. J. T. Carlton and E. Schwindt, “The Assessment of Marine
Bioinvasion Diversity and History,” Biological Invasions 26, no. 1
(2024): 237-298.

12. D. Iaciofano, A. Deidun, A. Sciberras, et al., “The First Record of
Neogammarus (syn. Rhipidogammarus) Karamani (Stock, 1971)
(Crustacea: Amphipoda) in a Marine Subterranean Cave of Malta,”
Ecologica Montenegrina 77 (2024): 24-30.

13. D. Iaciofano, E. Mancini, H. Lubinevsky, et al., “The Amphipod
Fauna Assemblage Along the Mediterranean Israeli Coast, a
Spatiotemporal Overview,” Ecologica Montenegrina 80 (2024): 244-272.

14. C. J. Ritter and D. G. Bourne, “Marine Amphipods as Integral
Members of Global Ocean Ecosystems,” Journal of Experimental Marine
Biology and Ecology 572 (2024): 151985.

15. T. Horton, C. De Broyer, D. Bellan-Santini, et al., “The World
Amphipoda Database: History and Progress,” Records of the Australian
Museum 75, no. 4 (2023): 329-342.

16. A. Arresti, “Parhyale Explorator, a New Species of Talitroid
Amphipod From the Bay of Arcachon, France,” Bulletin du Muséum
National d’Histoire Naturelle, Paris 4, no. 1 (1989), 115.

17. C. Heller, “Beitrige zur niheren Kenntniss der Amphipoden des
Adriatischen Meeres. Denkschriften der Kaiserlichen Akademie der
Wissenschaften,” Mathematisch-naturwissenschaftliche Klasse 26, no. 2
(1866): 1-62, Pls: 1-4.

18. D. Iaciofano and S. Lo Brutto, “Parhyale Plumicornis (Crustacea:
Amphipoda: Hyalidae): Is This an Anti-Lessepsian Mediterranean
Species? Morphological Remarks, Molecular Markers and Ecological
Notes as Tools for Future Records,” Systematics and Biodiversity 15, no. 3
(2017): 238-252.

19. S. Lo Brutto and D. Iaciofano, “A Taxonomic Revision Helps to
Clarify Differences Between the Atlantic Invasive Ptilohyale Littoralis and
the Mediterranean Endemic Parhyale Plumicornis (Crustacea, Amphi-
poda),” ZooKeys 754 (2018): 47-62.

20. J. Langeneck, R. Bakiu, N. Chalari, et al., “New Records of Introduced
Species in the Mediterranean Sea,” Mediterranean Marine Science 24,
no. 3 (2023): 610-632.

21. A. Schellenberg, “Amphipoden des Kongo-Miindungsgebietes,” Revue
de Zoologie et de Botanique Africaines 32, no. 1 (1939): 122-138.

22. P. Fischer, “Sur la faune conchyliologique marine des baies de Suez et
de 1Akabah,” Journal de Conchyliologie 18 (1870): 161-179.

23. A. M. Mannino, P. Balistreri, D. Iaciofano, et al., “An Additional
Record of Kyphosus vaigiensis (Quoy & Gaimard, 1825) (Osteichthyes,
Kyphosidae) From Sicily Clarifies the Confused Situation of the
Mediterranean Kyphosids,” Zootaxa 3963, no. 1 (2015): 45-54.

24. S. Lo Brutto, A. Calascibetta, G. Pavan, et al., “Cetacean Strandings
and Museum Collections: A Focus on Sicily Island Crossroads for
Mediterranean Species,” Diversity 13, no. 3 (2021): 104.

25. G. Servello, F. Andaloro, E. Azzurro, et al., “Marine Alien Species in
Italy: A Contribution to the Implementation of Descriptor D2 of the
Marine Strategy Framework Directive,” Mediterranean Marine Science
20, no. 1 (2019): 1-48.

26. E. L. Bousfield and E. A. Hendrycks, “The Talitroidean Amphipod
Family Hyalidae Revised, With Emphasis on the North Pacific Fauna:
Systematics and Distributional Ecology,” Amphipacifica 3, no. 3 (2002):
17-134.

27. D. M. Reid, “Hyale Ramalhoi sp. n. (Crustacea, Amphipoda),” The
Annals and Magazine of Natural History 11, no. 3 (1939): 29-32.

28. E. Chevreux, “Voyage de la goélette "Melita" aux Canaries et au
Sénégal 1889-1890. Amphipodes I. Gammariens (Suite),” Bulletin de la
Société Zoologique de France 50, no. 6 (1926): 365-398.

29. C. S. Serejo, “A New Species of Amphipod From the Brazilian Coast,
With Redescription of, Hyale Spinidactyla, Chevreux, 1925 (Crustacea,
Amphipoda, Hyalidae),” Zoosystema 23, no. 3 (2001): 479-492.

30. T. Krapp-Schickel, J. M. Guerra-Garcia, E. Baeza-Rojano, et al.,
“Taxonomy and Ecology of Some Gammaridean Species (Crustacea:
Amphipoda) from Tarifa Island, Southern Spain,” Journal of the Marine
Biological Association of the United Kingdom 91, no. 2 (2011): 447-453.

31. M. Khammassi, J. Jourde, W. Zaabar, et al., “Inventory and New
Records of Benthic Amphipods From Macrophytes and Fine Sand
Communities of the Bizerte Lagoon (Tunisia, SW Mediterranean Sea),”
Marine Biodiversity Records 12, no. 1 (2019): 1-10.

32. A. Arresti, “Descripcién del Anfipodo Marino, Hyale Spinidactyla,
Chevreux, 1926 (Crustacea, Amphipoda, Gammaridea) en el Pais Vasco,”
Miscellania Zoologica 19, no. 2 (1996): 79-91.

33. G. Sara, M. Milanese, I. Prusina, et al., “The Impact of Climate
Change on Mediterranean Intertidal Communities: Losses in Coastal
Ecosystem Integrity and Services,” Regional Environmental Change 14,
no. S1 (2014): 5-17.

34. R. H. Leeuwis and A.K. Gamperl, “Adaptations and Plastic
Phenotypic Responses of Marine Animals to the Environmental
Challenges of the High Intertidal Zone,” in Oceanography and Marine
Biology, (CRC press, 2022): 625-679.

35. J. Tempesti, J. Langeneck, L. Romani, et al., “Spatial Variability and
Context-Dependence of Fouling Communities in Recreational Marinas:
A Study in the Western Mediterranean With a Focus on Non-Indigenous
Species (NIS),” Marine Pollution Bulletin 212 (2025): 117558.

36. S. Lo Brutto, D. Iaciofano, J. M. Guerra Garcia, et al., “Desalination
Effluents and the Establishment of the Non-Indigenous Skeleton Shrimp,
Paracaprella pusilla, Mayer, 1890 in the South-Eastern Mediterranean,”
Biolnvasions Records 8, no. 3 (2019): 661-669.

37. G. Martinez-Laiz, A. Ulman, M. Ros, et al., “Is Recreational Boating a
Potential Vector for Non-Indigenous Peracarid Crustaceans in the
Mediterranean Sea? A Combined Biological and Social Approach,”
Marine Pollution Bulletin 140 (2019): 403-415.

38. M. E. Cinar, K. Bakir, B. Oztiirk, et al., “Macrobenthic Fauna
Associated With the Invasive Alien Species Brachidontes pharaonis
(Mollusca: Bivalvia) in the Levantine Sea (Turkey),” Journal of the Marine
Biological Association of the United Kingdom 97, no. 3 (2017): 613-628.

39. D. Simberloff and B. Von Holle, “Positive Interactions of
Nonindigenous Species: Invasional Meltdown?” Biological Invasions 1,
no. 1 (1999): 21-32.

40. J. M. Guerra-Garcia, S. Ruiz-Velasco, C. Navarro-Barranco, et al.,
“Facilitation of Macrofaunal Assemblages in Marinas by the Habitat-
Forming Invader Amathia Verticillata (Bryozoa: Gymnolaemata) Across a
Spatiotemporal Scale,” Marine Environmental Research 193 (2024): 106256.

41. E. Chevreux, “Voyage de la Goélette Melita Aux Canaries et au
Sénégal 1889-1890,” Bulletin de la Société Zoologique de France 50 (1925):
365-398.

42. J. M. Pirlot, Résultats Scientifiques des Croisiéres du Navire-Ecole Belge
Mercator. 2 (III): Amphipoda, 2nd edn ed., 15 (Mémoires du Muséum
Royal d’Histoire Naturelle de Belgique, 1939): 47-80.

43. S. Ruffo, “Studi Sui Crostacei Anfipodi XXII: Anfipodi del Venezuela
Raccolti dal Dott G. Marcuzzi,” in Memorie Del Museo Civico Di Storia
Naturale Di Verona, 2, (Museo Civico di Storia Naturale di Verona, 1950):
49-65.

Journal of Zoological Systematics and Evolutionary Research, 2026

9 of 10

BSUB01T SUOWILIOD BA1ER1D 3|qedtdde ay) Ag peueob aJe sajoile YO s JO SaINI o} Akeiqi8uluO A8]1M UO (SUOIIPUOD-PLE-SLLLBYWI0D" AS | 1M AseIq 1U 1 |UO//SANY) SUONIPUOD PUe sWwd L 8U) 89S *[920¢/.0/60] Uo AriqiTauluo AB|IM Bfed 1a 1S 11Bea Aiseaun Aq 89065ST/AZ//SSTT 0T/0pA0d 3| M Are.q i Buluo//:sdiy Wwo. papeojumoa ‘T ‘9z0e ‘szl



44. D. M. Reid, “Report on the Amphipoda (Gammaridea and
Caprellidea) of the Coast of Tropical West Africa,” Atlantide Report 2
(1951): 189-291.

45. C. K. Biernbaum, “Biogeography of Coastal and Anchialine
Amphipods of Ascension Island, South Atlantic Ocean,” Journal of
Natural History 30, no. 11 (1996): 1597-1615.

46. D. Iaciofano and S. Lo Brutto, “Re-Description of Orchestia
stephenseni Cecchini, 1928: Designation of Neotype and Senior Synonym
to, Orchestia Constricta, A. Costa, 1853 (Crustacea: Amphipoda:
Talitridae) by Reversal of Precedence,” Zootaxa 4150, no. 1 (2016): 40-60.

47. J. T. Carlton, “Biological Invasions and Cryptogenic Species,” Ecology
77, no. 6 (1996): 1653-1655.

48. A. Zenetos, P. Albano, E. Garcia, et al., “Established Non-Indigenous
Species Increased by 40% in 11 Years in the Mediterranean Sea,”
Mediterranean Marine Science 23, no. 1 (2022): 29106.

49, M. Galanidi, M. Aissi, M. Ali, A. Bakalem, et al., “Validated
Inventories of Non-Indigenous Species (NIS) for the Mediterranean Sea
as Tools for Regional Policy and Patterns of NIS SpRead,” Diversity 15,
no. 9 (2023): 962.

50. N. Castro, P. M. Félix, I. Gestoso, et al., “Management of Non-
Indigenous Species in Macaronesia: Misconceptions and Alerts to
Decision-Makers,” Marine Pollution Bulletin 204 (2024): 116506.

51. I. Soto, P. Balzani, L. Carneiro, et al., “Taming the Terminological
Tempest in Invasion Science,” Biological Reviews 99, no. 4 (2024): 1357-
1390.

52. F. Essl, S. Bacher, P. Genovesi, et al., “Which Taxa Are Alien? Criteria,
Applications, and Uncertainties,” BioScience 68, no. 7 (2018): 496-509.

53. A. Badalucco and S. Lo Brutto, Inventory of Marine Amphipod Species
From Italian Waters: An Updated Version 1.2 (University of Palermo,
2026).

54. A. Badalucco, S. Lo Brutto, J. C. Dauvin, and M. J. Costello,
Amphipod Species in European Marine Waters. Version 1.4 (University of
Palermo, 2026).

Supporting Information

Additional supporting information can be found online in the Supporting
Information section. Supporting Information. Figure S1. Serejohyale
spinidactyloides [21], holotype. Type specimen from the Museum fiir Nat-
urkunde, Berlin, Germany, male 4.5 mm. Scale bar 1 mm. Figure S2. Ico-
nography of Serejohyale spinidactyloides, holotype, from the Museum fiir
Naturkunde, Berlin, Germany, male 4.5mm. See text for terminology.
Scale bar 0.1 mm. Table S1. Number of male, female and juvenile speci-
mens collected in different points of the two localities and date of sam-
pling. The collection points were stations so close to each other within
each locality that it was not possible to provide different geographical
coordinates. Table S2. Length measurements of all specimens.
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