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Abstract

This study addresses the growing concern of non-indigenous and cryptogenic marine species in the Mediterranean Sea, par-
ticularly in high-risk zones such as ports. The Port of Algiers, a significant maritime hub in Algeria, was selected as the study site
to document the presence of such species due to its susceptibility to introductions through vessel traffic. Sampling was conducted
from 2021 to 2024 across various submerged structures, including mooring buoys and ship fenders. Specimens were collected
by scraping surfaces and preserved for identification, which was performed to the lowest taxonomic level possible. The results
revealed 18 distinct species, of which 13 were non-indigenous and five cryptogenic. Notably, 11 of these species are recorded for
the first time on the Algerian coast. Taxonomically, the species included Ascidiacea (six species), Bryozoa (five species), Crusta-
cea (three species), Polychaeta (three species), and Porifera (one species). This research contributes to the baseline knowledge of
non-indigenous and cryptogenic species in Algerian marine environments, providing essential data to support further ecological

and biogeographic studies on species introductions in the Mediterranean Sea.
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Introduction

The introduction of non-indigenous marine species
(NIS) has become a significant environmental issue
worldwide, with profound ecological, economic, and
social implications (Ruiz et al., 1997). Non-indigenous
species often compete with native species, alter habitats,
and disrupt local ecosystems, leading to biodiversity loss
and ecosystem imbalances (Katsanevakis et al., 2014). In
the Mediterranean Sea, one of the world’s most invaded
regions, the problem is particularly pronounced due to
the basin’s high volume of maritime traffic, diverse hab-
itats, and connectivity with the Atlantic Ocean and the
Red Sea through the Suez Canal (D’Amen & Azzurro,
2020; Katsanevakis et al., 2014; Zenetos et al., 2010).
This connectivity facilitates the spread of species from
other regions, making the Mediterranean region a hotspot
for biological invasions.

Among the primary pathways of NIS introduction,
maritime vessels play a crucial role, mainly through bal-
last water discharge and hull fouling (Bouda et al., 2016,
2018; Gollasch, 2002). Ports, as key entry points for
shipping, are thus critical zones for NIS risk assessment,
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as they can serve as initial settlement areas for NIS po-
tentially able to become invasive (Tempesti et al., 2020;
Ulman et al., 2017). Monitoring these high-risk areas is
essential for managing and mitigating the arrival and es-
tablishment of NIS.

Despite the Mediterranean’s status as an inva-
sion-prone sea, the study and monitoring of non-indig-
enous species in Algeria remain limited (Grimes et al.,
2018), particularly in ports. To date, only one study has
investigated NIS in Algerian ports, highlighting a gap in
consistent monitoring and research on this critical issue
(Bensari et al., 2020). This lack of comprehensive data
presents challenges in developing effective management
and conservation strategies to address biological inva-
sions.

The present study aims to fill this knowledge gap by
reporting on several NIS observed in the Port of Algiers,
contributing valuable data to the limited body of research
on this subject. Through this research, we aim to enhance
understanding of NIS dynamics in Algerian waters and
emphasise the need for regular monitoring to formulate
management actions and minimise the impact of future
invasions.
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Material and Methods

The study was conducted at the Port of Algiers (Fig.
1), one of the oldest ports in Algeria. Various submerged
structures, including ropes, ship fender tires, steel dock
posts, and the quay surface, were selected as sampling
sites. These structures, located at depths not exceeding
2 m, were chosen based on their potential to support a
diverse range of marine species. The characteristics of
each station, including coordinates, substrate type, and
sampling dates, are summarised in Table 1. To optimise
species detection, multiple sampling campaigns were
conducted. Sampling focused on structures that could be
lifted onto the quay, as well as the upper part of the quay.
Additionally, an underwater camera was submerged a
few centimeters to capture images of species adhering to
the quay surface.

Specimens were collected by scraping them off sub-

merged surfaces by using a putty knife, a method that fa-
cilitated retrieval while minimizing damage. The sampled
organisms were immediately preserved in a 5% formalin
solution to maintain their integrity. Although the precise
sampling area was not measured, species abundance was
estimated qualitatively as low, medium, or high.

Some specimens were identified on-site, which were
recognised based on clearly visible morphology. Other
specimens were identified using a stereomicroscope and
a microscope in the laboratory, while additional identifi-
cations were made from photographs. Species identified
through photographs or on-site were generally ascidi-
ans. Taxonomic keys and expert knowledge were used
to identify specimens to the lowest feasible taxonomic
level. The nomenclature of identified species was veri-
fied according to the World Register of Marine Species
(WoRMS Editorial Board, 2024).
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Fig. 1: Location of the study site (area outlined with dashed lines) within the Port of Algiers.

Table 1. Location and characteristics of sampling stations.

Station Coordinates Substrate Dates
Station 1 36.78305° N, 3.06427° E Tire

. 29/04/2021
Station 2 36.78306° N, 3.06427° E Rope
Station 3 36.78329° N, 3.06434° E Tire

. 09/05/2022
Station 4 36.78334° N, 3.06436° E Rope
Station 5 36.78363° N, 3.06445° E Tire
Station 6 36.78362° N, 3.06445° E Rope 26/05/2023
Station 7 36.78488° N, 3.06549° E Dock Post
Station 8 36.78348° N, 3.06441° E Quay

) ) 14/09/2024
Station 9 36.78401° N, 3.06603° E Tire

Mediterr. Mar. Sci., 26/3, 2025, 592-603

593



Results

We identified 18 non-indigenous species within the
Port of Algiers. Among these, 13 are certainly non-na-
tive to the Mediterranean Sea, while five are classified
as cryptogenic (Carlton, 1996), meaning their origins re-
main uncertain (Table 2, Figs. 2 and 3). Remarkably, 11
of these species are documented here for the first time
on the Algerian coastline. Ascidiacea comprise the largest
group with six species, followed by Bryozoa with five
species. Crustacea and Polychaeta each include three spe-
cies, while Porifera is represented by one species.

Ascidiacea
Botrylloides cf. niger Herdman, 1886

Botrylloides niger is a cosmopolitan colonial tunicate
commonly found in tropical and warm water regions. In
the Caribbean region, its distribution is nearly uniform,
and its genetic diversity is highest, suggesting that it may
be native to this region (Sheets et al., 2016). Part of the
uncertainty surrounding its origin and distribution arises
from its taxonomic confusion with similar species. In the
Mediterranean, the species is confirmed in Italy (Della
Sala et al., 2022), Turkey (Temiz et al., 2023), and Egypt
(Halim & Abdel Messeih, 2016). However, in Spain (Car-
mona-Rodriguez et al., 2024) and Tunisia (Mnasri-Afifi
et al., 2024), it was reported as B. cf. niger, indicating

uncertainty in its identification. In Morocco (Mghili et
al., 2024), its presence remains questionable. Its distribu-
tion in the Mediterranean is likely more extensive, as it
is often confused with Botrylloides leachii (Savigny). On
the iNaturalist platform (consulted on 8§ November 2024),
this species has been observed 210 times by 30 different
observers in the Mediterranean. These observations in-
clude sightings in Spain (including Palma), Morocco, Al-
geria, France, Italy (including Sardinia), Tunisia, Malta,
Albania, Greece, and Cyprus.

Almost all specimens photographed closely resem-
ble the “orange-brown’ morphotype described by Temiz
et al. (2023). We identified two morphotypes, the “or-
ange-brown” and the “orange”, with the former being the
most abundant (Fig. 3D). Additionally, this species ex-
hibited a very high coverage rate. Since 2021, it has been
observed at Alger Plage on the eastern side of the Bay of
Algiers (personal observation).

Botrylloides cf violaceus Oka, 1927

Botrylloides violaceus, first described in Japan in
1927, is native to the Northwest Pacific region, from
northern Japan to southern Korea and northern China
(Rho et al., 2000). It is now more widely reported in the
Northeast Pacific and the North Atlantic (Bock ef al.,
2011). This colonial tunicate predominantly inhabits arti-
ficial substrates such as dock floats, pilings, piers, aqua-
culture structures, and boat hulls (Simkanin ez al., 2012).

Table 2. Non-Indigenous and Cryptogenic Marine Species Identified in the Port of Algiers: First Record, Abundance, Coordinates,
and Substrate. Cat: Category, NIS: Non-Indigenous Species, DOFF: date of first found, Cry: Cryptogenic Q: Quay, R: Rope, T:

Tire, D: Dock post.

Taxonomic Species Cat DOFF Abun Coordinates M
group QRTD
Botrylloides niger NIS  29/04/2021 High 36.78305° N, 3.06427° E + + + +
Botrylloides violaceus NIS  26/05/2023 Medium 36.78488° N, 3.06549° E + + +
Ascidiacea Botryllus S chlosseri Cryp 29/04/2021 Hlgh 36.78305° N, 3.06427° E + + + +
Polyclinum constellatum — NIS  14/09/2024 Medium 36.78348° N, 3.06441° E + - - -
Styela canopus Cryp 14/09/2024 Low 36.78401° N, 3.06603° E + -+ -
Styela plicata NIS  29/04/2021 High 36.78305° N, 3.06427° E + + -
Bugula neritina Cryp 29/04/2021 High 36.78305° N, 3.06427° E + + +
Bugulina stolonifera Cryp 29/04/2021 Low 36.78305° N, 3.06427° E + -+ -
Bryozoa Celleporaria brunnea NIS  26/05/2023 Low 36.78363° N, 3.06445° E - -+ -
Schizoporella errata Cryp 09/05/2022 High 36.78305° N, 3.06427° E + -+ -
Tricellaria inopinata NIS  29/04/2021 Medium 36.78305° N, 3.06427° E - -+ 4+
Balanus trigonus NIS  14/09/2024 Medium 36.78401° N, 3.06603° E - -+ -
Crustacea  Jassa slatteryi Cryp 29/04/2021 Low 36.78305° N, 3.06427° E + -
Zeuxo coralensis NIS  29/04/2021 Low 36.78305° N, 3.06427° E - -+ -
Branchiomma bairdi NIS  29/04/2021 High 36.78305° N, 3.06427° E + 4+ + -
Polychaeta  Branchiomma luctuosom  NIS — 29/04/2021 High 36.78305° N, 3.06427° E + + + -
Hydroides elegans NIS  29/04/2021 High 36.78305° N, 3.06427° E + 4+ + -
Porifera Paraleucilla magna NIS  29/04/2021 High 36.78305° N, 3.06427° E + + + +
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Fig. 2: NIS and cryptogenic species found in this study. A: Bugulina stolonifera, B: Bugula neritina, C: Tricellaria inopinata,
D: Zeuxo coralensis, E: Styela plicata, F: Paraleucila magna, G: Branchiomma luctuosom, H: Schizoporella errata, 1: Styela
canopus.

In the Mediterranean, this ascidian was first collected in
1993 in the Venetian Lagoon (Zaniolo et al., 1998). Since
its first record, it was reported Lake Faro and in Messina,
Italy (Palanisamy et al., 2018), as well as in France with-
out a specified location (Massé et al., 2023). This is the
first report of this species in Algeria (Fig. 3B).

Botryllus schlosseri (Pallas, 1766)

The tunicate B. schlosseri, which is globally distrib-
uted and exhibits significant polymorphism in colour pat-
tern and colony shape, is considered cryptogenic in the
Mediterranean Sea (Zenetos et al., 2017). According to
recent genetic studies, this species has a Mediterranean
origin, as the data reveals the presence of five genetical-
ly divergent clades in the region. Europe and the Medi-
terranean are the most diverse regions, where all clades
are present, whereas only one clade is found worldwide
(Bock et al., 2012; Lopez-Legentil et al., 2006). One
possible cause of this complicated taxonomic situation
may arise from the fact that most of the findings come
from port areas. Ports and marinas are containment zones
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where very few fouling species venture beyond. Since
they are transported by ships and boats via hulls, there
has been greater genetic mixing between Mediterranean
ports and marinas due to their higher connectivity com-
pared to other global ports. Moreover, the Mediterranean
is a very active region for recreational boating and mar-
itime transport, especially considering its small surface
area compared to other oceans (Carrefio & Lloret, 2021).
This species has been reported in Algeria in the Port of
Arzew (Bensari et al., 2020). In our study, B. schlosseri
was very abundant (Fig. 3C).

Polyclinum constellatum Savigny, 1816

The ascidian P. constellatum, first described from
specimens collected in Mauritius (Indian Ocean), has a
pantropical distribution with a wide range of occurrenc-
es across various biogeographic regions (Montesanto et
al., 2022). In the Mediterranean, it was first recorded
in Egypt (Halim & Abdel Messeih, 2016) and has since
been observed in Turkey (Aydin Onen, 2018), Italy, and
Greece (Montesanto ef al., 2022). This species has likely
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Fig. 3: NIS and cryptogenic species found in this study. A: Balanus trigonus, B: Botrylloides cf. violaceus, C: Botryllus schlosseri,
D: Botrylloides cf. niger, E: Polyclinum constellatum, F: Jassa slatteryi, G: Celleporaria brunnea, H: Branchuiomma bairdi, 1:

Hydroides elegans.

spread through a Lessepsian migration route (Halim &
Abdel Messeih, 2016). In our study, we report P. constel-
latum for the first time in the western Mediterranean (Fig.
3E). This introduction is most likely due to hull fouling
on ships, as there is no clear continuity in its expansion
from Egypt to Algeria, further supported by the fact that
it is a lecithotrophic larval species. We found this species
was abundantly attached to the port dock.

Styela canopus (Savigny, 1816)

The Rough Sea Squirt, S. canopus, is broadly distrib-
uted across temperate and tropical coastal waters world-
wide (Lambert, 2001). This species was first described
in the Red Sea in 1816 and was later documented on
both sides of the North Atlantic, at Ascension Island in
the South Atlantic, in the Northwest Pacific, throughout
the tropical Indo-Pacific, and in the temperate waters of
Australia (Kott, 1985). It was reported from the Mediter-
ranean [as Styela canopoides (Heller)] in 1877 (Heller,
1877). Its long-standing presence in the Mediterranean
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and other regions has led to its classification as a crypto-
genic species. A genetic analysis of several populations
revealed the presence of multiple species (Corréa de Bar-
ros & Moreira da Rocha, 2021). The authors of this study
suggested treating S. canopus as a species complex. Our
study reports this species for the first time in Algeria (Fig.
21). It was not very frequent in the Port of Algiers.

Styela plicata (Lesueur, 1823)

This species is a well-known, cosmopolitan fouling
species found in shallow, sheltered areas of tropical and
warm-temperate oceans (Ulman et al., 2017). Genetic
analysis indicates that its broad geographic distribution
is due to numerous introductions caused by human-medi-
ated hull fouling, leading to multiple introduction events
(Locke et al., 2009). Furthermore, most sightings are
from artificial substrates or harbours, reinforcing the hy-
pothesis of an ongoing invasion. Consequently, it is chal-
lenging to determine the exact origin of this species due
to these multiple introductions (Locke et al., 2009). How-
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ever, according to Locke et al. (2009), the most probable
origin of this species is the Western Pacific. It has been
found in the Mediterranean since the 19" century (Zene-
tos & Galanidi, 2020); we report it in Algeria for the first
time (Fig. 2E). It is highly likely that this species was
established a long time ago along the Algerian coast, but
due to a lack of specialists and insufficient investigation,
it has not been reported until now. A related species, Stye-
la plicata Lesuer, was observed negatively impacting the
growth of cultured bivalves in Brazil, Hong Kong, Japan,
and Spain (Rocha et al., 2009).

Bryozoa
Bugula neritina (Linnaeus, 1758)

The bryozoan B. neritina, a well-known fouling or-
ganism, is widely spread along warm-temperate coasts
and subtropical regions worldwide (Ryland et al., 2011).
Due to its long-standing broad distribution, determining
the precisee origin of this species remains challenging;
therefore, it is considered cryptogenic in the Mediterrane-
an (Zenetos et al., 2017), where it is widely distributed in
the eastern and western basins. In Algeria, B. neritina was
overlooked in bryozoan studies and is absent from the
bryozoan inventory compiled by d’Hondt & Ben Ismail
(2008). It was first reported in Algeria in 2020 (Bensari et
al., 2020), although it is likely that it has been present for
a much longer period. We found the species to be quite
abundant in the Port of ALgiers (Fig. 2B).

Bugulina stolonifera (Ryland, 1960)

The erect bryozoan B. stolonifera is commonly found
in ports worldwide, including in the Atlantic and Pacific
Oceans, as well as in the Mediterranean (Ryland et al.,
2011). It was first described by Ryland (1960) based on
samples collected from the port at Swansea, Great Brit-
ain, and older specimens from an herbarium acquired by
the British Museum. These specimens, dating back to
before 1875, were labeled “British coast”. The origin of
this species remains unknown due to its long-standing
confusion with other species such as Bugulina spicata
(Hincks), Bugulina avicularia (Linnaeus), and Crisular-
ia pulmosa (Pallas) (Bensari et al., 2020). Additionally,
its broad distribution across the globe occurred so long ago
that tracking its geographical dispersal is challenging. In
Algeria, this species was recorded for the first time in the
Port of Arzew (Bensari et al., 2020). In the Port of Algiers,
B. stolonifera was not frequently observed (Fig. 2A).

Celleporaria brunnea (Hincks, 1884)

This bryozoan was described by Hincks in 1884 as
Cellepora brunnea from British Columbia, Canada (Can-
ning-Clode et al., 2013). It is naturally found in fouling
communities along the northeastern Pacific coasts, rang-
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ing from British Columbia to Ecuador (Lezzi et al., 2015).
In 2004, C. brunnea was found on aquaculture steel cages
in South Korea, where it was believed to have been intro-
duced from the eastern Pacific Ocean (Seo & Min, 2009).
This species is also found in the northeastern Atlantic in
Portugal (Canning-Clode et al., 2013), including the Ma-
deria Archipelago (Souto et al., 2023), France (André et
al., 2014), and Norway (Husa et al., 2024). In the Medi-
terranean, it is found in Lebanon, Italy, Croatia, Turkey,
France, Malta, and Greece (Ulman et al., 2017). We doc-
ument C. brunnea in Algeria for the first time (Fig. 3G). It
was observed infrequently during the period of this study.

Schizoporella errata (Waters, 1878)

This bryozoan is a widely distributed species found
in warm temperate and subtropical regions (Tilbrook et
al., 2001). First described from Naples, Italy, it occurs
throughout the Mediterranean, West Africa, eastern Can-
ada, the eastern coasts of the Americas from North Caro-
lina through the Caribbean to Brazil, the Pacific coast of
North America, the Red Sea, the Persian Gulf, southern
Australia, and New Zealand (Tilbrook et al., 2001). Its
origin has long been presumed to be the Mediterranean
due to its ancient presence in the basin. However, the
global distribution of this species challenges the notion of
a Mediterranean origin, as it could have been introduced
there before the 19" century. It is now considered cryp-
togenic in the Mediterranean (Katsanevakis et al., 2020).
D’Hondt & Ben Ismail (2008) mentioned that the species
was reported by Gautier (1955) in Algeria. However, af-
ter thoroughly reviewing all of Gautier’s references, in-
cluding the one from 1955, we found no mention of this
species. Hence, our observation (Fig. 2H) in the Port of
Algiers constitutes the first record of S. errata in Algeria.

Tricellaria inopinata d’Hondt & Occhipinti Ambrogi,
1985

This bryozoan was described from the Venetian La-
goon (d’Hondt & Occhipinti Ambrogi, 1985), but its or-
igin is not Mediterranean. It is potentially from the In-
do-Pacific Ocean, as the genus Tricellaria is typical of
this ocean (Dyrynda et al., 2000). Indeed, specimens of
Tricellaria washed ashore in central Oregon in 2012 on
debris from the 2011 Japanese tsunami and were iden-
tified as 7. inopinata, suggesting Japan as its native re-
gion (McCuller & Carlton, 2018). This species is present
in the northeastern Atlantic, ranging from Germany to
Spain, as well as along the British and Irish coasts (Cook
et al., 2013) and the coast of Norway (Porter et al., 2015).
In the Northwest Atlantic, after its first discovery in Eel
Pond, Massachusetts (Johnson et al., 2012), T. inopinata
expanded its range to the Hampton River in New Hamp-
shire (Wells et al., 2013). In the Mediterranean, it is pres-
ent in Italy (Lodola et al., 2012), Tunisia (Ben Souissi
et al., 2006), France, and Greece (Ulman et al., 2017).
The impact of this species is significant, as it dominates
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benthic communities and outcompetes other sessile spe-
cies for space and food (Tsirintanis et al., 2022). Our en-
counter of it the Port of Algiers marks the first reported
occurrence of this species in Algeria (Fig. 2C), where we
found it infrequently.

Crustacea
Balanus trigonus Darwin, 1854

Balanus trigonus, commonly called the triangle barna-
cle, was originally described based on specimens collect-
ed from the Pacific region, including Indonesia, Colom-
bia, Peru, Australia, and New Zealand (Darwin, 1854).
This barnacle has a global distribution and is considered
introduced in the Atlantic Ocean and the Mediterranean
Sea (Zullo, 1992). Its first record in the Mediterranean
dates to 1927 in the Gulf of Catania, Italy (Zullo, 1992),
and it is now widespread across the entire Mediterrane-
an basin (Galanidi et al., 2023). Our observation of it at
the Port of Algiers is the first record of this species on
the Algerian coast (Fig. 3A), but it is highly likely that
was introduced well before. During our sampling, several
specimens were found on a tire.

Jassa slatteryi Conlan, 1990

The amphipod J. slatteryi, likely native to the eastern
Pacific, has an uncertain origin and is considered crypto-
genic in other regions, including the Mediterranean, as
the species has been misidentified multiple times, leaving
its true native and introduced distribution still to be deter-
mined (Marchini & Cardeccia, 2017). In a comprehensive
study of the genus Jassa, Conlan et al. (2021) suggested a
northeastern Pacific origin for the species, as it is found in
artificial and natural habitats in that region, and because
the species was never recorded on the European coast be-
fore 1900, a zone with over 200 years of natural history
collecting. According to Pilgrim & Darling (2010), who
found as much genetic variability in J. slatteryi as in the
native eastern Pacific Jassa staudei Conlan, suggesting
that J. slatteryi is also native to this region. A more recent
study based on the genetic analysis of several specimens
from various regions suggests that the species has a North
Pacific origin (Beermann et al., 2020). Recently, Bakalem
et al. (2024) classified it as non-indigenous to the Med-
iterranean, based on the species was not reported in the
region before 1997 by Ruffo (1982, 1989, 1993, 1998).
Bonifazi et al. (2018) cited Conlan (1990) to claim that
the species was first observed in Croatia. However, upon
consulting Conlan (1990), no reference to Croatia was
found. Instead, the species was reported from “Cette”, an
old spelling of the city of Sé¢te in the Mediterranean re-
gion of France (K. E. Conlan, personal communication).
Further examination of her archival notes revealed that
the specimen originally identified was not J. slatteryi but
rather Jassa morinoi Conlan. Consequently, it is J. mori-
noi that was cited from Séte, and there is no evidence to
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suggest that J. slatteryi has been recorded in the Mediter-
ranean. Based on this evidence, we suggest that the status
of this species should be considered non-indigenous. It is
worth noting that this species was observed in the port of
Ceuta with a very high relative abundance and has been
classified as having a high invasion potential (Ros et al.,
2020). Our finding of it in the Port of Algiers documents
the occurrence of J. slatteryi in Algeria for the first time
(Fig. 3F). We found the species to be not very frequent in
our observations.

Zeuxo coralensis Sieg, 1980

The tanaidacean Zeuxo coralensis has a circumtropi-
cal distribution (Masunari & Sieg, 1980). In the Mediter-
ranean Sea, it was first discovered in the Bay of Algeciras
(southern Spain) between 1992 and 1993 on artificial and
natural substrates (Sanchez-Moyano & Garcia-Gomez,
1998). The species has also been encountered in the east-
ern Mediterranean (Zenetos et al., 2010). Zeuxo coralen-
sis was observed for the first time in Algeria at the Port of
Arzew (Bensari et al., 2020). We found Z. coralensis on
a tire (Fig. 2D).

Polychaeta
Branchiomma bairdi (MciIntosh, 1885)

The tube-dwelling sabellid B. bairdi was first de-
scribed from Bermuda and is known from central Florida
to the Atlantic side of Panama and the Caribbean Islands
(Tovar-Hernandez et al., 2009). This species was later in-
troduced to the Gulf of California and Hawaii. It has also
been introduced to the Mediterranean Sea, the Canary Is-
lands, the Balearic Sea, Madeira (Portugal), Queensland
(Australia), the Pacific coast of Mexico, and Coiba Na-
tional Park in the Gulf of Montijo on the Pacific coast of
Panama (Keppel et al., 2018). The initial introduction of
this species into the Mediterranean remains uncertain due
to frequent misidentification with Branchiomma bohol-
ense (Grube). However, the first confirmed report of this
species was in Cyprus (Cinar, 2005 as B. boholense, later
re-examined and correctly identified as B. bairdi in Cinar,
2009). Branchiomma bairdi was also observed in Tunisia
in 2012 (Khedhri et al., 2017). We document B. bairdi in
Algeria for the first time (Fig. 3H), and our observations
indicate that the species is highly abundant.

Branchiomma luctuosum (Grube, 1870)

Branchioma luctuosum, first described in the Indo-Pa-
cific region, was likely introduced to the Mediterranean
through the Suez Canal (Licciano & Giangrande, 2008).
Following its initial discovery in Italy in 1978 (Knight-
Jones et al., 1991), B. luctuosum has rapidly spread
throughout the Mediterranean and is now widely distrib-
uted in the region (Mabrouki & Taybi, 2024), particular-
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ly in the northern part. Our encounter of B. luctuosum
(Fig. 2G) is a new country record for Algeria, where it is
well established in the Port of Algiers. Additionally, this
species has been observed at Bordj El Bahri to the east
of Algiers Bay (personal observation), with a very high
density on hard substrates in the infralittoral zone.

Hydroides elegans (Haswell, 1883)

The serpulid H. elegans seems to be a circumtropi-
cal species that extends into warm-temperate zones and
is considered an alien species in the Mediterranean Sea,
likely introduced via ship hulls (Zibrowius, 1991). This
species is established in the entire Mediterranean basin
and is considered long-standing resident (Zenetos et al.,
2012). It is considered invasive due to significant impact
on biodiversity and ecosystem services (Katsanevakis et
al., 2014). Hydroides elegans (Fig. 31) was first reported
in Algeria at the Port of Algiers, but its presence along the
Algerian coast is likely much older. In the Port of Arzew
(Oran), Bensari et al. (2020) found the species to be as
abundant as in this study.

Porifera
Paraleucilla magna Klautau, Monteiro, & Borojevic, 2004

This calcareous sponge was described from the Bra-
zilian coast where it was considered cryptogenic (Klautau
et al., 2004). The origin of this species remains unknown
but is likely Indo-Pacific, as is the origin of most spe-
cies in the genus Paraleucilla (Longo et al., 2007). In
the Mediterranean, P. magna is considered non-indige-
nous and has rapidly spread to several locations. It is now
widespread throughout the Mediterranean (see Katsane-
vakis et al., 2020 for a more detailed distribution). Its
rapid spread is attributed to mussel farming as well as
maritime traffic (Longo et al., 2007). Molecular study of
samples collected from the Atlantic coast of Brazil and
the Adriatic Sea suggests the presence of five genetically
distinct populations, likely originating from multiple hu-
man-mediated introductions from various sources (Cav-
alcanti et al., 2020). Paraleucilla magna (Fig. 2C) was
first observed in Algeria in 2018 simultaneously at sev-
eral locations, including the Port of Algiers, Pisan Island
(Béjaia) (Bachetarzi et al., 2019), and the Port of Arzew
(Oran) (Bensari et al., 2020). This suggests that the spe-
cies may have been introduced some time ago, especially
considering its presence on Pisan Island, a location dis-
tant from any direct anthropogenic activities likely to
lead to an introduction.

Discussion
While several species identified in this study are doc-

umented here for the first time in Algeria, their introduc-
tions likely date back many years, considering the histor-
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ical significance of the Port of Algiers as one of the oldest
in the Mediterranean. Notably, S. plicata, H. elegans,
B. schlosseri, C. brunnea, and B. bairdi rank among the
most reported non-native species in ports throughout the
Mediterranean region (Tempesti et al., 2020).

The 18 species identified in this study underscores our
limited understanding of non-indigenous species along
the Algerian coast, a reality that is similarly reflected
across several Mediterranean countries (Ulman et al.,
2017) due to a lack of taxonomic expertise or lack of fo-
cused inventories. Other species may be present but were
missed because it was not possible to identify all taxa
due to limited taxonomic expertise, and sampling was re-
stricted in terms of area, depth, and substrate type.

Maritime transport has played a significant role in the
transfer of exotic species between different geograph-
ic regions, whether directly from their native ranges or
through secondary introductions from other Mediterrane-
an areas. Hull fouling is undoubtedly the most important
vector of introduction of the species we observed, as most
of these species are biofouling organisms. Moreover, hull
fouling is the only viable transport method for species
with short lecithotrophic larval stages, such as ascidians.
Maritime transport is a vital pathway for secondary intro-
ductions, dispersing species across regions through the
interconnected network of Mediterranean ports — with
even pleasure boats playing a significant role in this pro-
cess. Ships carry introduced species from one port to an-
other, facilitating their dispersal. For instance, P. constel-
latum, likely a Lessepsian migrant, has established itself
in the Mediterranean and was discovered in the Port of
Algiers in our study. Its occurrence in the port is most
likely due to a secondary introduction originating from
the eastern Mediterranean.

The question of the origin of non-indigenous species
remains complex for several reasons. On the one hand,
these species are often attributed to the Mediterranean or
other regions simply because they were first described
there —although they were likely widespread long before
the 20™ century— due, in part, to more intensive sampling
of the Northern Hemisphere, especially along European
coasts. On the other hand, taxonomic difficulties, particu-
larly for fouling species that are often cosmopolitan and
may belong to species complexes, add an additional layer
of complexity. This ambiguity highlights the need for his-
torical data, improved taxonomic research, and molecular
techniques to more accurately trace the biogeographical
history of these organisms and determine their true or-
igins, even though pinpointing an exact origin remains
challenging in many cases.

One key question to take away from our study is
which species are most likely to spread beyond the port
environment. Among the species we encountered, it is ev-
ident that B. cf niger and B. luctuosum, which are widely
distributed across Algeria, warrant serious study to assess
their impact on native species. For example, based on our
own observations outside the port of Algiers, we have
noted that B. luctuosum is particularly prevalent.

Our study represents a valuable contribution to the
enrichment of data and information on non-indigenous
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species in port environments in the Mediterranean. It
highlights the Algerian coast, a region where information
remains scarce, and its results offer insights that bridge
knowledge gaps and support future research.

Acknowledgements

We would like to express our sincere gratitude to all
those who contributed to the successful completion of
this work.

References

André, F., Corolla, J. P, Lanza, B., Rochefort, G., 2014.
Bryozoaires d’Europe : les carnets du plongeur. Editions
Neptune Plongée.

Aydin Onen, S., 2018. Distribution of Ascidians with a New
Record of the Non-Indigenous Species Polyclinum con-
stellatum Savigny, 1816 from the Aegean Coast of Turkey.
Turkish Journal of Fisheries and Aquatic Sciences, 18 (9),
1077-1089.

Bachetarzi, R., Rebzani-Zahaf, C., Deudero, S., Vazquez-Lu-
is, M., Uriz, M.J. et al., 2019. The non-indigenous and in-
vasive species Paraleucilla magna Klautau, Monteiro &
Borojevic, 2004 (Porifera: Calcarea) in the Algerian coast
(Southwestern of Mediterranean Sea). Acta Adriatica, 60
(1), 41-46.

Bakalem, A., Dauvin, J.C., Menioui, M., 2024. Diversity of
marine Amphipods (Crustacea, Peracarida) from the North
African shelf of the Mediterranean Sea (Morocco, Alge-
ria, Tunisia, Libya, Egypt). An updated checklist for 2023.
Mediterranean Marine Science, 25 (2), 311-373.

Beermann, J., Hall-Mullen, A.K., Havermans, C., Coolen, J.W.,
Crooijmans, R.P. et al., 2020. Ancient globetrotters —con-
nectivity and putative native ranges of two cosmopolitan
biofouling amphipods. Peer/, 8, €9613.

Ben Souissi, J., Ben Salem, M., Zaouali, J., 2006. Tricellaria
inopinata (Bryozoa, Cheilostome), récolté pour la premiére
fois en Tunisie (Lagune sud de Tunis : Tunisie septentrio-
nale) [Tricellaria inopinata (Bryozoa, Cheilostome), harvest
for the first time in Tunisia (Southern Lagoon of Tunis :
northern Tunisia)]. Actes de La 8 eme Conférence Inter-
nationale Des Limnologues d’Expression Frangaise 17-21
Mars 2006.

Bensari, B., Bahbah, L., Lounaouci, A., Fahci, S.E., Bouda, A.
et al. 2020. First records of non-indigenous species in port
of Arzew (Algeria: southwestern Mediterranean). Mediter-
ranean Marine Science, 21 (2), 393-399.

Bock, D.G., Maclsaac, H.J., Cristescu, M.E., 2012. Multilo-
cus genetic analyses differentiate between widespread and
spatially restricted cryptic species in a model ascidian. Pro-
ceedings of the Royal Society B: Biological Sciences, 279
(1737),2377-2385.

Bock, D.G., Zhan, A., Lejeusne, C., Maclsaac, H.J., Cristescu,
M.E., 2011. Looking at both sides of the invasion: patterns
of colonization in the violet tunicate Botrylloides violaceus.
Molecular Ecology, 20 (3), 503-516.

Bonifazi, A., Mancini, E., Ventura, D., 2018. First record of

600

the invasive and cryptogenic species Jassa slatteryi Con-
lan, 1990 (Crustacea: Amphipoda) in Italian coastal waters.
Journal of Sea Research, 136, 37-41.

Bouda, A., Bachari, N.E.I.,, Bahmed, L., Boubenia, R., 2016.
Design of a risk assessment methodology for the introduc-
tion of invasive species from ship ballast waters: The case
of Arzew port. Management of Environmental Quality: An
International Journal, 27 (5), 474-490.

Bouda, A., Bachari, N.I., Nacef, L., Bensari, B., 2018. Risk
Analysis of Invasive Species Introduction in the Port of
Arzew, by Calculation of Biofouling Surface on Ships’
Hulls. Environmental Modeling and Assessment, 23
(2), 185-192.

Canning-Clode, J., Souto, J., McCann, L. 2013. First record
of Celleporaria brunnea (Bryozoa: Lepraliellidae) in Por-
tugal and in the East Atlantic. Marine Biodiversity Re-
cords, 6, ¢108.

Carlton, J.T., 1996. Biological Invasions and Cryptogenic Spe-
cies. Ecology, 77 (6), 1653-1655.

Carmona-Rodriguez, A., Anton, C., Climent, M.A., Garcés, P.,
Montiel, V. et al., 2024. Development and Succession of
Non-Indigenous and Cryptogenic Species over Two Dif-
ferent Substrates in the Port of Alicante (Western Mediter-
ranean). Journal of Marine Science and Engineering, 12
(7), 1188.

Carrefo, A., Lloret, J., 2021. Environmental impacts of increas-
ing leisure boating activity in Mediterranean coastal waters.
Ocean & Coastal Management, 209, 105693.

Cavalcanti, F.F., Padua, A., Cunha, H., Halasz, M., Nikoli¢, V.
et al., 2020. Population differentiation supports multiple
human-mediated introductions of the transatlantic exotic
sponge Paraleucilla magna (Porifera, Calcarea). Hydrobio-
logia, 847 (17), 3571-3590.

Cinar, M.E., 2005. Polychaetes from the coast of Northern Cy-
prus (eastern Mediterranean Sea), with two new records
for the Mediterranean Sea. Cahiers de Biologie Marine, 46
(2), 143-160.

Cinar, M.E., 2009. Alien polychaete species (Annelida: Poly-
chaeta) on the southern coast of Turkey (Levantine Sea,
eastern Mediterranean), with 13 new records for the Med-
iterranean Sea. Journal of Natural History, 43, (37-38),
2283-2328.

Conlan, K.E., 1990. Revision of the crustacean amphipod ge-
nus Jassa Leach (Corophioidea: Ischyroceridae). Canadian
Journal of Zoology, 68 (10), 2031-2075.

Conlan, K.E., Desiderato, A., Beermann, J., 2021. Jassa (Crus-
tacea: Amphipoda): a new morphological and molecular
assessment of the genus. Zootaxa, 4939 (1), 1-191.

Cook, E.J., Stehlikova, J., Beveridge, C.M., Burrows, M.T., de
Blauwe, H. el al., 2013. Distribution of the invasive bry-
ozoan Tricellaria inopinata in Scotland and a review of its
European expansion. Aquatic Invasions, 8 (3), 281-288.

Corréa de Barros, R., Moreira da Rocha, R., 2021. Genetic
analyses reveal cryptic diversity in the widely distributed
Styela canopus (Ascidiacea: Styelidae). Invertebrate Sys-
tematics, 35 (3), 298-311.

D’Amen, M., Azzurro, E., 2020. Lessepsian fish invasion in
Mediterranean marine protected areas: a risk assessment
under climate change scenarios. ICES Journal of Marine
Science, 77 (1), 388-397.

Mediterr. Mar. Sci., 26/3, 2025, 592-603



Darwin, C., 1854. A Monograph on the Sub-Class Cirripedia
with Figures of All the Species. The Balanidae, (or Sessile
Cirripedia),; the Verricidae, Etc (Vol. 2). Ray Society.

Della Sala, G., Coppola, D., Virgili, R., Vitale, G.A., Tanduo, V.
et al., 2022. Untargeted Metabolomics Yields Insights into
the Lipidome of Botrylloides niger Herdman, 1886, An As-
cidian Invading the Mediterranean Sea. Frontiers in Marine
Science, 9, 865751.

d’Hondt, J.L., Ben Ismail, D., 2008. Bryozoa from the Algerian
coasts. Complementary data on Tunisian Bryozoa. Bulletin
de La Societe Zoologique de France, 133 (1-3), 55-71.

d’Hondt, J.L., Occhipinti Ambrogi, A., 1985. Tricellaria ino-
pinata, n. sp., un nouveau Bryozoaire Cheilostome de la
faune méditerranéenne. Marine Ecology, 6 (1), 35-46.

Dyrynda, P.E.J., Fairall, V.R., Occhipinti Ambrogi, A.,
D’Hondt, J.L., 2000. The distribution, origins and taxon-
omy of Tricellaria inopinata d’Hondt and Occhipinti Am-
brogi, 1985, an invasive bryozoan new to the Atlantic. Jour-
nal of Natural History, 34 (10), 1993-2006.

Galanidi, M., Aissi, M., Ali, M., Bakalem, A., Bariche, M. et
al., 2023. Validated Inventories of Non-Indigenous Species
(NIS) for the Mediterranean Sea as Tools for Regional Poli-
cy and Patterns of NIS Spread. Diversity, 15 (9), 962.

Gautier, Y., 1955. Bryozoaires de Castiglione. Bulletin de La
Station d’Aquiculture et de Péche de Castiglione, N.S.
(7),227-271.

Gollasch, S., 2002. The Importance of Ship Hull Fouling as a
Vector of Species Introductions into the North Sea. Biofoul-
ing, 18 (2), 105-121.

Grimes, S., Benabdi, M., Babali, N., Refes, W., Boudjellal-Kai-
di, N. et al., 2018. Biodiversity changes along the Algerian
coast (Southwestern Mediterranean basin) from 1834 to
2017. First assessment of introduced species. Mediterrane-
an Marine Science, 19 (1), 156-179.

Halim, Y., Abdel Messeih, M., 2016. Aliens in Egyptian waters.
A checklist of ascidians of the Suez Canal and the adjacent
Mediterranean waters. Egyptian Journal of Aquatic Re-
search, 42 (4), 449-457.

Heller, C., 1877. Untersuchungen iiber die Tunicaten des Adri-
atischen und Mittelmeeres. Denkschriften Der Kaiserlichen
Academie Der Wissenschaften. Mathematisch-Naturwis-
senschaftliche Classe, Wien.

Husa, V., Fossey, F., Davey, M., Agnalt, A.L., Bransegg, H. et
al., 2024. Monitoring marine alien species in Norway: A
pilot study for implementing a national program. Rapport
frahvforskningen.

Johnson, C., Winston, J., Woollacott, R., 2012. Western Atlan-
tic introduction and persistence of the marine bryozoan 7ri-
cellaria inopinata. Aquatic Invasions, 7 (3), 295-303.

Katsanevakis, S., Wallentinus, 1., Zenetos, A., Leppikoski, E.,
Cinar, M.E. et al., 2014. Impacts of invasive alien marine
species on ecosystem services and biodiversity: A pan-Eu-
ropean review. Aquatic Invasions, 9 (4), 391-423.

Katsanevakis, S., Poursanidis, D., Hoffman, R., Rizgalla, J.,
Rothman, S.B.S. et al., 2020. Unpublished mediterranean
records of marine alien and cryptogenic species. Biolnva-
sions Records, 9 (2), 165-182.

Keppel, E., Tovar-Hernandez, M.A., Ruiz, G., 2018. New re-
cords of the non-indigenous species Branchiomma bairdi
and B. conspersum (Polychaeta: Sabellidae) on the Pa-

Mediterr. Mar. Sci., 26/3, 2025, 592-603

cific coast of North America. Biolnvasions Records, 7
(3), 229-236.

Khedhri, 1., Tovar-Hernandez, M., Bonifacio, P., Ahmed, A.,
Aleya, L., 2017. First report of the invasive species Bran-
chiomma bairdi Mclntosh, 1885 (Annelida: Sabellidae)
along the Tunisian coast (Mediterranean Sea). Biolnvasions
Records, 6 (2), 139-145.

Klautau, M., Monteiro, L., Borojevic, R., 2004. First occur-
rence of the genus Paraleucilla (Calcarea, Porifera) in the
Atlantic Ocean: P. magna sp. nov. Zootaxa, 710 (1), 1-8.

Knight-Jones, P., Knight-Jones, W., Ergen, Z., 1991. Sabelli-
form polychaetes, mostly from Turkey’s Aegean coast.
Journal of Natural History, 25 (4), 837-858.

Kott, P., 1985. The Australian Ascidiacea Part 1, Phlebo-
branchia and Stolidobranchia (Vol. 23). Memoirs of the
Queensland Museum.

Lambert, G., 2001. A Global Overview of Ascidian Introduc-
tions and Their Possible Impact on the Endemic Fauna. In
The Biology of Ascidians (pp. 249-257). Springer Japan.

Lezzi, M., Pierri, C., Cardone, F., 2015. Presence of Celle-
poraria brunnea (Bryozoa: Lepraliellidae) in the Central
Mediterranean: first occurrence in the Gulf of Taranto. Ma-
rine Biodiversity Records, 8, e137.

Licciano, M., Giangrande, A., 2008. The genus Branchiomma
(Polychaeta: Sabellidae) in the Mediterranean Sea, with
the description of B. maerli n. sp. Scientia Marina, 72
(2), 383-391.

Locke, A., Carman, M., De Barros, R. C., Da Rocha, R. M.,
Pie, M. R., 2009. Human-mediated global dispersion of
Styela plicata (Tunicata, Ascidiacea). Aquatic Invasions, 4
(1), 45-57

Lodola, A., Savini, D., Occhipinti-Ambrogi, A., 2012. First
record of Tricellaria inopinata (Bryozoa: Candidae) in the
harbours of La Spezia and Olbia, Western Mediterranean
Sea (Italy). Marine Biodiversity Records, 5, e41.

Longo, C., Mastrototaro, F., Corriero, G., 2007. Occurrence of
Paraleucilla magna (Porifera: Calcarea) in the Mediterra-
nean Sea. Journal of the Marine Biological Association of
the United Kingdom, 87 (6), 1749-1755.

Lopez-Legentil, S., Turon, X., Planes, S., 2006. Genetic struc-
ture of the star sea squirt, Botryllus schlosseri, introduced in
southern European harbours. Molecular Ecology, 15 (13),
3957-3967.

Mabrouki, Y., Taybi, A. F., 2024. Range expansion of the alien
polychaete Branchiomma luctuosum (Grube, 1870) (Sabel-
lidae) in Morocco (the southwestern Mediterranean Sea).
Natura Croatica, 33 (1), 197-202.

Marchini, A., Cardeccia, A., 2017. Alien amphipods in a sea
of troubles: cryptogenic species, unresolved taxonomy and
overlooked introductions. Marine Biology, 164 (4), 69.

Massé, C., Viard, F., Humbert, S., Antajan, E., Auby, L. ef al,
2023. An Overview of Marine Non-Indigenous Species
Found in Three Contrasting Biogeographic Metropolitan
French Regions: Insights on Distribution, Origins and Path-
ways of Introduction. Diversity, 15 (2), 161.

Masunari, S., Sieg, J., 1980. Morphological and ecological
notes on Zeuxo coralensis Sieg, 1980 from Brazil. Studies
on Neotropical Fauna and Environment, 15 (1), 1-8.

McCuller, M., Carlton, J., 2018. Transoceanic rafting of Bry-
ozoa (Cyclostomata, Cheilostomata, and Ctenostomata)

601



across the North Pacific Ocean on Japanese tsunami marine
debris. Aquatic Invasions, 13 (1), 137-162.

Mghili, B., Lamine, 1., Laamraoui, M. R., Aksissou, M., Ga-
lanidi, M., 2024. Updating the national list of marine alien
species in Morocco. Mediterranean Marine Science, 25
(1), 231-249.

Mnasri-Afifi, 1., Zribi, 1., Abdelkader, N., Charfi-Cheikhrouha,
F., Zakhama-Sraieb, R., 2024. Rapid assessment survey of
non-indigenous and cryptogenic species in Tunisian mari-
nas. Biolnvasions Records, 13 (2), 419-436.

Montesanto, F., Chimenti, G., Gissi, C., Mastrototaro, F., 2022.
Polyclinum constellatum (Tunicata, Ascidiacea), an emerg-
ing non-indigenous species of the Mediterranean Sea: inte-
grated taxonomy and the importance of reliable DNA bar-
code data. Mediterranean Marine Science, 23 (1), 69-83.

Palanisamy, S.K., Cosentino, A., Giacobbe, S., 2018. Rap-
id coastal survey of the distribution of invasive ascidians
in Coastal Lake Faro, Messina- Italy. Poster Presented at
the International Invasive Sea Squirt Conference, Woods
Hole Oceanographic Institution, 2018, Massachusetts,
United States.

Pilgrim, E.M., Darling, J.A., 2010. Genetic diversity in two in-
troduced biofouling amphipods (dmpithoe valida & Jassa
marmorata) along the Pacific North American coast: inves-
tigation into molecular identification and cryptic diversity.
Diversity and Distributions, 16 (5), 827-839.

Porter, J.S., Spencer Jones, M.E., Kuklinski, P., Rouse, S.,
2015. First records of marine invasive non-native Bryozoa
in Norwegian coastal waters from Bergen to Trondheim. Bi-
olnvasions Records, 4 (3), 157-169.

Rho, B.J., Choe, B.L., Song, J.-1., Lee Young J., 2000. Ascidi-
ans of Tangsa and its adjacent waters in Korea strait. Kore-
an Journal of Systematic Zoology, 16 (1), 39-53.

Rocha, R.M., Kremer, L.P., Baptista, M.S., Metri, R., 2009. Bi-
valve cultures provide habitat for exotic tunicates in South-
ern Brazil. Aquatic Invasions, 4 (1), 195-205.

Ros, M., Navarro-Barranco, C., Gonzalez-Sanchez, M., Ostalé-
-Valriberas, E., Cervera-Currado, L. et al., 2020. Starting
the stowaway pathway: the role of dispersal behavior in the
invasion success of low-mobile marine species. Biological
Invasions, 22 (9), 2797-2812.

Ruiz, G.M., Carlton, J.T., Grosholz, E.D., Hines, A.H., 1997.
Global Invasions of Marine and Estuarine Habitats by
Non-Indigenous Species: Mechanisms, Extent, and Conse-
quences. American Zoologist, 37 (6), 621-632.

Ryland, J.S., 1960. The British species of Bugula (Polyoza).
Proceedings of the Zoological Society of London, 134
(1), 65-104.

Ryland, J., Bishop, J., De Blauwe, H., El Nagar, A., Minchin,
D. et al.,2011. Alien species of Bugula (Bryozoa) along the
Atlantic coasts of Europe. Aquatic Invasions, 6 (1), 17-31.

Sanchez-Moyano, J.E., Garcia-Gomez, J.C., 1998. The arthro-
pod community, especially crustacea, as a bioindicator in
Algeciras Bay (Southern Spain) based on a spatial distribu-
tion. Journal of Coastal Research, 14 (3), 1119-1133.

Seo, J.E., Min, B.S., 2009. A Faunistic Study on Cheilostoma-
tous Bryozoans from the Shoreline of South Korea, with
Two New Species. Animal Systematics, Evolution and Di-
versity, 25 (1), 19-40.

Sheets, E.A., Cohen, C.S., Ruiz, G.M., da Rocha, R.M.,

602

2016. Investigating the widespread introduction of a trop-
ical marine fouling species. Ecology and Evolution, 6 (8),
2453-2471.

Simkanin, C., Davidson, 1.C., Dower, J.F., Jamieson, G., Ther-
riault, T.W., 2012. Anthropogenic structures and the infil-
tration of natural benthos by invasive ascidians. Marine
Ecology, 33 (4), 499-511.

Souto, J., Ramalhosa, P., Ferrario, J., Png-Gonzalez, L., Alva-
rez, S. et al., 2023. New species and new records of bry-
ozoan species from fouling communities in the Madeira
Archipelago (NE Atlantic). Marine Biodiversity, 53 (4), 49.

Ruffo, S., (Ed.), 1982. The Amphipoda of the Mediterranean.
Part 1. Gammaridea (Acanthonozomatidae to Gammari-
dae). Mémoires de [’Institut Océanographique, Monaco,
13, 1-364.

Ruffo, S., (Ed.), 1989. The Amphipoda of the Mediterra-
nean. Part 2. Gammaridea (Haustoriidae to Lysianassi-
dae). Mémoires de [’Institut Océanographique, Monaco,
13, 365-576.

Ruffo S., (Ed.), 1993. The Amphipoda of the Mediterranean.
Part 3. Gammaridea (Melphidipiidae to Talitridae), In-
golfiellidea, Caprellidea. Mémoires de [I'Institut Océano-
graphique, Monaco, 13, 577-813.

Ruffo, S., (Ed.), 1998. The Amphipoda of the Mediterranean.
Part 4. Localities and Map. Addenda to Parts —3. Key to
Families.Ecology. Faunistics and Zoogeography. Biblio-
graphy. Index. Mémoires de [’Institut Océanographique,
Monaco, 13, 815-959.

Temiz, B., Oztiirk, E., Blanchoud, S., Karahan, A., 2023. Phy-
logeographic and Morphological Analysis of Botrylloides
niger Herdman, 1886 from the Northeastern Mediterranean
Sea. Diversity, 15 (3), 367.

Tempesti, J., Mangano, M.C., Langeneck, J., Lardicci, C., Mal-
tagliati, F. et al., 2020. Non-indigenous species in Mediter-
ranean ports: A knowledge baseline. Marine Environmental
Research, 161, 105056.

Tilbrook, K.J., Hayward, P.J., Gordon, D.P., 2001. Cheilos-
tomatous Bryozoa from Vanuatu. Zoological Journal of the
Linnean Society, 131 (1), 35-109.

Tovar-Hernandez, M.A., Méndez, N., Salgado-Barragan, J.,
2009. Branchiomma bairdi: a Caribbean hermaphrodite fan
worm in the south-eastern Gulf of California (Polychaeta:
Sabellidae). Marine Biodiversity Records, 2, €43.

Tsirintanis, K., Azzuro, E., Crocetta, F., Dimiza, M., Frogila, C.
et al., 2022. Bioinvasion impacts on biodiversity, ecosys-
tem services, and human health in the Mediterranean Sea.
Aquatic Invasions, 17 (3), 308-352.

Ulman, A., Ferrario, J., Occhpinti-Ambrogi, A., Arvanitidis,
C., Bandi, A., 2017. A massive update of non-indigenous
species records in Mediterranean marinas. Peer.J, 5, €3954.

Wells, C.D., Pappal, A.L., Cao, Y., Carlton, J.T., Currimjee, Z.
etal.,2013. Report on the 2013 Rapid Assessment Survey of
Marine Species at New England Bays and Harbors. www.
mass.gov/czm.

Zaniolo, G., Manni, L., Brunetti, R., Burighel, P., 1998. Brood
pouch differentiation in Botrylloides violaceus, a viviparous
ascidian (Tunicata). Invertebrate Reproduction and Devel-
opment, 33 (1), 11-23.

Zenetos, A., Galanidi, M., 2020. Mediterranean non indigenous
species at the start of the 2020s: recent changes. Marine

Mediterr. Mar. Sci., 26/3, 2025, 592-603



Biodiversity Records, 13 (1), 10.

Zenetos, A., Gofas, S., Verlaque, M., Cinar, M.E., Garcia Raso,
J.G. et al., 2010. Alien species in the Mediterranean Sea
by 2010. A contribution to the application of European Un-
ion’s Marine Strategy Framework Directive (MSFD). Part
1. Spatial distribution. In Mediterranean Marine Science,
11 (2), 381-493.

Zenetos, A., Gofas, S., Morri, C., Rosso, A., Violanti, D. et al.,
2012. Alien species in the Mediterranean Sea by 2012. A
contribution to the application of European Union’s Marine
Strategy Framework Directive (MSFD). Part 2. Introduc-
tion trends and pathways. Mediterranean Marine Science,

Mediterr. Mar. Sci., 26/3, 2025, 592-603

13 (2), 328-352.

Zenetos, A., Cinar, M. E., Crocetta, F., Golani, D., Rosso, A.
et al., 2017. Uncertainties and validation of alien species
catalogues: The Mediterranean as an example. Estuarine,
Coastal and Shelf Science, 191, 171-187.

Zibrowius, H., 1991. Ongoing modification of the Mediterra-
nean marine fauna and flora by the establishment of exotic
species. Mésogée, 51, 83-107.

Zullo, V.A., 1992. Balanus trigonus Darwin (Cirripedia, Bala-
ninae) in the Atlantic Basin: An Introduced Species? Bulle-
tin of Marine Science, 50 (1), 66-74.

603



