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Abstract

From collected data analyzed to produce an inventory of all polychaetes in Algerian waters, the diversity of this group was

estimated as 534 species. The largest families are Syllidae (66 species), Spionidae (37 species) and Terebellidae (27 species). The
presence of those listed species along the Algerian coast was compared with their occurrence in nine other areas of the Mediter-
ranean Sea, in the Black Sea and in four other more distant seas around the world. Comparisons are also made with respect to the
biogeographical origin for each species. The polychaete fauna of the Algerian coast is among the richest of the Mediterranean Sea
and comparable to the diversity reported for the French Mediterranean continental shelf and that in the Aegean Sea, but higher
that that found in the nearby coastlines of Morocco and Tunisia. Most of the species found have an Atlantic origin and are present
in the western Mediterranean Sea. This current inventory includes eight non-indigenous polychaete species found in the Algerian

waters.

Keywords: Biogeography; inventory; non-native species; benthos.

Introduction

Establishing an inventory of marine species remains
a challenging task despite the availability of numerous
records (especially via the Internet), and the existing data
already provided by taxonomists and ecologists. Coll et
al. (2010) carried out the first complete inventory of ma-
rine species in the Mediterranean Sea at the end of the
2010s.

The entire Mediterranean region, with its smaller dis-
tinct areas, has long been recognized as rich in terms
of marine biodiversity (Coll ez al., 2010, 2012; Altobelli
et al., 2017). In their review for the Mediterranean Sea,
Coll et al. (2010) reported 16,848 different marine spe-
cies, including 10,902 invertebrates. Moreover, these au-
thors stressed that these numbers were probably still an
underestimate and needed to be supplemented to include
additional species found in some southern areas of the
sea as well as those living in the deeper regions of the
eastern basin. This gap in their records mostly concerns
the coasts of North Africa, mainly relating to Libya and
Algeria. Such an apparent lack of available information
is probably due to the numerous data included in early
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publications written in French and the large amount of
grey literature including PhD theses that are often not ac-
cessible via the web.

The annelid polychaetes are amongst the most diver-
sified of invertebrates and several publications report
inventories for this group at the local, national and re-
gional scale, including the coastlines along Morocco and
Tunisia in the southern part of the western basin of the
Mediterranean Sea.

Some inventories for polychaetes cover the entire
Mediterranean Sea (Arvanitidis et al., 2002; Castelli et
al., 2008; Coll et al., 2010), while others are limited to
certain areas: Moroccan waters (both the Atlantic and
Mediterranean coasts) (Gillet, 2017), the Mediterranean
coast of France (Laubier & Paris, 1962; Dauvin ef al.,
20006), Italian waters (Castelli et al., 1995, 2008), the
Adriatic Sea (Musco, 2012; Mikac, 2015), the Tunisian
coasts (Ayari et al., 2009; Zaabi et al., 2012, Mosbahi
et al., 2017), the Aegean Sea (Ergen, 1976; Simboura
& Nicolaidou, 1994, 2001; Arvanitidis, 2000; Ergen et
al., 2002, 2006, Faulwetter et al., 2017), the Levantine
Sea (Laubier, 1966; Ben-Eliahu, 1995; Cinar & Ergen,
2003; Cinar, 2005, 2007, 2009; Cinar et al., 2003, 2014;
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Mutlu et al., 2010; Faulwetter et al., 2017; Dorgham et
al., 2013, 2014), the Turkish coastline (Cinar et al., 2014)
and the Black Sea (Arvaniditis et al., 2002; Sahin & Ci-
nar, 2012). However, no complete inventory is available
for the 1200km of Algerian coastline. The first studies
of polychaetes in Algerian waters took place at the turn
of the 20™ century. Viguier (1886 to 1920) and Gravier
& Dantan (1928) described several new species of poly-
chaetes in the Bay of Algiers, including the genus Alciope
Viguier, 1886, the genus Frennia Viguier, 1912 (F. dubia
Viguier, 1912, F. propinqua Viguier, 1920), the genus /o-
spilus Viguier, 1886 (I. phalacroides Viguier, 1886), the
genus Maupasia Viguier, 1886 (M. coeca Viguier, 1886),
the genus Paraiospilus Viguier, 1911 (P. affinis Vigui-
er, 1911), and the species Nereis icosiensis Gravier &
Dantan,1928. Most of the polychaetes found during this
period were reported by Fauvel (1923, 1927a, 1927b) in
the French publication ‘Faune de France, polychétes er-
rantes et sédentaires’. Fauvel (1927b) wrote:

‘A I’exception des Mémoires de Viguier sur le planc-
ton de la Baie d’Alger et de quelques mentions par
Marenzeller (1888) on ne trouve que de bien rares in-
dications disséminées dans d’autres travaux. Jamais a
notre connaissance la Faune des Polychéetes des Cotes
d’Algérie n’a encore été ’objet de recherches suivies et
cela est regrettable car cette étude fournirait siirement
bien des observations intéressantes’ translated as ‘Other
than the memoirs of Viguier on the plankton in the Bay of
Algers and some references by Marenzeller (1888), it is
very rare to find anything disseminated in other studies.
1o the best of our knowledge, polychaete fauna off the
coast of Algeria has never been the subject of research,
which is regrettable, as such a study would surely provide
some interesting observations’.
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Marcel (1962) studied the annual cycle of Perinereis
cultrifera. In studies on the phanerogam meadows on the
Algerian coastline near Bou Ismail, Le Gall (1969) iden-
tified 72 polychaetes species, whereas Falconetti (1970)
listed 64 polychaete species from the maérl beds in the
same bay. Separately, some data was acquired for the wa-
ters in the harbour of Algiers (Bakalem & Romano, 1983,
1988; Rebzani-Zahaf et al., 1988; Rebzani-Zahaf, 1990,
1992). Populations of some nereids in shallow hard sub-
strates from the eastern part of the Algerian coast were in-
vestigated by Rouabah & Scaps (2003) and also by Daas
et al. (2010). In other work, Younsi et al. (2010) recorded
the polychaetes of economic interest and Meghlaoui et
al. (2015a,b) investigated the effects of local pollution on
polychaetes. More recently Bakalem (2008) and Grimes
(2010) studied the communities of soft bottom of all Al-
gerian gulfs, bays and harbours, in reported work that in-
cludes inventories of polychaetes.

Despite this level of scientific interest, there has still
been no complete inventory of all polychaetes found in
Algerian waters. A total of 26 polychaete species were
initially listed in the two monographs entitled ‘Faune de
France’ (Fauvel, 1923, 1927a), whilst a further 69 spe-
cies were later added by Gravier & Dantan (1928). Many
further species have since been identified during the PhD
research of Bakalem (2008) (444 species) and then by
Grimes (2010) (506 species). All these previous docu-
ments from an essential basis for the current listing of
polychaetes of the Algerian coast; other even more re-
cent publications, (including as yet unpublished data and
personal communications), have been used to supplement
the complete inventory reported here.

The main objectives of this current study were:
to present a current list of all polychaetes species
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Fig. 1: Map of the Algerian coast with identification of the four study sectors with cited locations.
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recorded along the whole Algerian coastline;

»  to attribute geographical affinities for each of the
Algerian polychaete species;

* to compare the inventory of polychaete in the
coastal waters off Algeria with similar studies
compiled for other areas of the Mediterranean
Sea.

Materials and Methods
General characteristics of the Algerian coastal zone

The Algerian coastline (Fig. 1) covers a variety of
different habitats, ranging from rocky shorelines (some-
times with high cliffs), to sandy beaches and dunes found
in many of the bays. The Algerian continental shelf is
narrow, in contrast with those found in the north-west-
ern basin of the Mediterranean Sea, and especially the
Gulf of Lion and the northern part of the Adriatic Sea.
The distribution of soft sediments shows an increasing
gradient (in terms of silt content) with sea depth; the sea-
bed composition was characterized by a succession of
fine sand, muddy sand, sandy mud and pure mud such as
observed in the coastal seabed in the bay of Algiers and
the bay of Bou Ismail (Bakalem, 2008; Bakalem et al.,
2020). Coarse sand and gravel make up the seabed near
rocky shores, especially in the vicinity of the headlands
bordering the bays (Grimes et al, 2016). The shallow
waters are also characterized by some specific habitats
such as “seagrass zones” including Posidonia oceanica
meadows and coralligenous formations both types having
a high natural heritage value. The composition of the fau-
na in these habitats is characterized by a high diversity,
and such areas are protected in many countries bordering
the Mediterranean Sea against a range of environmental
threats (Coll et al., 2010, 2012; Altobelli et al., 2017).

The circulation of the sea currents along the Algerian
coast is mainly influenced by North Atlantic surface wa-
ters, which penetrate into the Mediterranean Sea through
the Strait of Gibraltar. As they continue to progress east-
ward, the Atlantic waters gradually mix into the Mediter-
ranean waters with its higher salinity. This movement is
highlighted by the progressive impoverishment of Atlan-
tic species travelling from the western to the eastern part
of the Algerian coast (Dauvin et al., 2013).

Data sources

The current study covers all the polychaetes that
have been recorded along the Algerian coast, which runs
1200km from the Morocco to Tunisia. The study has been
largely restricted to the continental shelf since there was
little opportunity to access the continental slope or the
offshore bathyal zones (Fig. 1). Zooplankton sampling in
Algiers Bay (sector 2 in Fig. 1) enabled the collection
of pelagic polychaetes and the subsequent description of
several new species (Viguier, 1886, 1911, 1912, 1920;
Gravier & Dantan, 1928). More recent studies have fo-
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cused mainly on the soft-bottom communities found in
the bays and gulfs of the Algerian continental shelf (Vais-
siere & Fredj, 1963; Le Gall, 1969; Falconetti, 1970;
Bakalem, 2008; Grimes, 2010).

These results show a progressive change in the phys-
ico-chemical marine water characteristics along the the
Algerian coast from the entrance of the Atlantic current
in the West and its attenuation moving to the eastern part
of the coast. Since the end of the 1970, the studies of
Bakalem (2008), Grimes (2010) and Dauvin et al. (2013)
on the soft-bottom macrobenthic communities of the Al-
gerian shallow habitats from west to east have enabled
the identification of four main sectors along the coast
(see Dauvin et al., 2013). This classification takes into
account numerous characteristics based on: 1) the hy-
drology and local marine currents (Furnestin & Allain,
1962a,b,c; Benzohra & Millot, 1990; Millot, 1987, 1988;
Millot et al., 1990), 2) the hydrology, nutrients and phy-
toplankton (Bernard, 1952, 1956, 1958), and 3) biological
data including ichthyology and macrobenthos (Le Danois,
1925; Maurin, 1962; Vaissiére & Fredj, 1963; Bakalem,
2008; Grimes, 2010).

Sector 1 is located in the West before the Almeria-Oran
front with hydrological characteristics similar than those of
the Atlantic waters (Fig. 1). Sectors 3 and 4 correspond to
Mediterranean hydrological water characteristics while the
sector 2 corresponds to an intermediate situation between
the western sector 1 and the eastern sectors.

Data reported here follows the model set out by Dau-
vin et al. (2013), where the presence of polychaetes is re-
ported for the four sectors, which enables the identifica-
tion of changes in diversity along the Algerian coast from
west to east. Sector 1 comprises the western part of the
Algerian coast from the Moroccan border to Cap Tenes,
including the bays of Ghazaouet, Oran and Arzew. Sector
2 is the central part of the coastline from Cap Tenes to
Azeffoun, including the bays of Bou Ismail and Algiers.
Sector 3 is defined as the eastern part of Algerian coast
from Azeffoun to the Cap de Garde including the Bejaia,
Jijel and Skikda bays. Finally, Sector 4 corresponds to the
most eastern Algerian coast from Cap de Garde to the Tu-
nisian border, including the bays of Annaba and El Kala
(Fig. 1). The coastlines of Sectors 1 and 2 are similar in
length (300-350 km), whilst the coastline of Sector 3 is
longer (400 km) and that of Sector 4 shorter (150 km).

Nomenclature and polychaete classification

The nomenclature and classification of polychaetes
have been the subject of several successive studies (Fau-
chald & Rouse, 1997; Rouse & Fauchald, 1997; Hans-
son, 1998; Rouse & Gonzalo, 2016; Weigert & Bleidorn,
2016). The present work adopts the most recent form of
the classification system for families based on polychacte
phylogeny (Weigert & Bleidorn, 2016).

The individual species were classified by family, and
these are listed alphabetically in Table 1. The species are
validated following the nomenclature and classification
given by the World Register of Marine Species (WoRMS)
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(www.marinespecies.org; accessed on 25 January 2019).
Comments are added for any questionable species pres-
ent in either Algerian and Mediterranean waters. Uncer-
tainty arose mainly for species complexes belonging to
the Cirratulidae and Spionidae families.

In the current study, an abundant literature was con-
sulted before attributing a status to each Algerian poly-
chaete species (Cinar, 2003, 2005, 2009, 2013; Cinar &
Ergen, 2003; Cinar et al., 2003, 2014; Zenetos et al.,
2005, 2010, 2011, 2012, 2017; Gravili et al., 2010; Gil,
2011; Occhipinti-Ambrogi et al., 2011; Evagelopoulos et
al., 2015; Corriero et al., 2016; Galil et al., 2016; Ouni-
fi-Ben Amor et al., 2016; Faulwetter et al., 2017; Lopez
& Richter, 2017).

To specify the status of a species found in Algerian
waters, it was classified into one of three groups as pro-
posed by Zenetos et al. (2011) and used by Faulwetter et
al. (2017): Non-Indigenous Species (NIS), Questionable
Species (Qs) and Species Complexes.

“Questionable species” are defined as either those re-
ported as found in Algerian waters but whose presence
still needs to be confirmed, or those, which have an un-
resolved taxonomic status. In this study, if records of any
species are in doubt, they are not automatically classified
as NIS if they have never been previously reported as NIS
anywhere else in the Mediterranean. On the other hand,
species already reported as NIS from other studies in the
Mediterranean Sea but which still retain a questionable
status, are listed as “NIS Questionable” to highlight this
unresolved matter in the case of further assessments.

Species complexes correspond to those species known
to form a complex of cryptic (morphologically indistin-
guishable but genetically different) or pseudo-cryptic
(morphologically very similar) species (Nygren & Plei-
jel, 2011). The term ‘Species complex’ indicates that the
name has been applied to a species as defined above.

Geographical patterns of polychaetes from the Algerian
coasts

The distribution of the 534 polychaete species found
in Algerian waters is categorised taking into account the
distinct geographical areas of the Mediterranean and re-
lated maritime regions as proposed by Coll et al. (2010)
and modified by Bakalem et al. (2020). These are, 1: Af-
rican Atlantic Coast (from Cap Spartel to Cap Blanc); 2:
North-Eastern Atlantic European waters; 3: Alboran Sea;
4: North-Western Mediterranean; 5: Algeria South-West-
ern Mediterranean; 6: Ionian Sea; 7: Tunisian shelf and
Libya; 8: Adriatic Sea; 9: Aegean Sea; 10: Black Sea; 11:
Levantine Sea; 12: Red Sea and 13: Indo-Pacific oceans.

Each polychaete species found on the Algerian coast,
is classified as one of fifteen groups reflecting their ge-
ographical origin (Bakalem et al., 2020): eam (Medi-
terranean, European and African Atlantic species); em
(Mediterranean and European Atlantic species); am (Med-
iterranean and A frican Atlantic coast species); e (endemic
species); ¢ (cosmopolitan species); emr (Mediterranean,
European Atlantic and Red Sea species); emip (Mediter-
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ranean, European Atlantic and Indo-Pacific species); amr
(African Atlantic, Mediterranean and Red Sea species);
amip (African Atlantic, Mediterranean and Indo-Pacific
species); mip (Mediterranean and Indo-Pacific species);
emrip (European Atlantic, Mediterranean, Red Sea and
Indo-Pacific species); eamrip (European and African At-
lantic, Mediterranean, Red Sea and Indo-Pacific species);
eamip (European and African Atlantic, Mediterranean
and Indo-Pacific species); eamr (European and African
Atlantic, Mediterranean and Red Sea species) and mrip
(Mediterranean, Red Sea and Indo-Pacific species).

Hierarchical Cluster Analysis (HCA) based on So-
rensen’s coefficient for the presence/absence of the spe-
cies found in each of the four sectors of the Algerian coast
and in the 13 geographical areas was carried out along
with the construction of a dendrogram using the group
average algorithm generated from the PRIMER V6 soft-
ware (Clarke & Gorley, 20006).

Results
List of species

Studies on the presence of polychaetes along the Al-
gerian coasts have been sporadic. Viguier (1886, 1911,
1912, 1920) and later, Gravier & Dantan (1928), all col-
lected pelagic species from the Bay of Algiers, whilst
Fauvel (1923, 1927a,b) focused on benthic species in the
waters surrounding Algiers and Annaba. These focused
studies only found a small number of polychaete families
and species: between 8 and 18 families covering 25 to
69 species. More recently, Le Gall (1969) and Falconetti
(1970) studied the Phanerogam meadows and maérl com-
munity respectively, (located in the Bay of Bou Ismail),
and reported between them a total of 27 families and 72
species.

The present inventory of polychaete species is mainly
compiled from data collected in three successive periods:
the first was from 1886 to 1928, (leading to 28 families
and 96 species), the second from 1963 to 1970, (leading
to 44 families and 196 species), and finally from 1975 to
2010, (leading to the final list with 58 families and 534
species). During these three periods, the number of re-
corded species increased from 96 to 534. The PhD theses
of Bakalem (2008) and Grimes (2010), which together,
covered most of the soft-bottom habitats in the gulfs,
bays and harbours along the Algerian coasts, listed the
greatest numbers of polychaetes with 54 and 51 families
and 444 and 506 species, respectively. It is noteworthy
that there were no studies reporting new polychaetes be-
tween 1928 and 1963, and none have taken place since
2011.

The Syllidae (66 species representing 12% of the total
diversity) is the most diversified family, followed by the
Spionidae (37 species, 7%), the Terebellidae (27 species,
5%), the Serpulidae (25 species, 4.5%), the Polynoidae
(24 species, 4.5%), the Sabellidae (23 species, 4%) and
the Paraonidae (23 species, 4%).

Ten families (each with more than 20 species) account
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Syllidae
Spionidae
Terebellidae
Serpulidae
Polynoidae
Sabellidae
Phyllodocidae
Paraonidae
Maldanidae
Nereididae
Cirratulidae
Eunicidae
Capitellidae
Lumbrineridae
Sigalionidae
Orbiniidae
Opheliidae
Mephtyidae
Hesionidae
Onuphidae
Dorvilleidae
Ampharetidae
Glyceridae
Flabelligeridae
Chaetopteridae
Oenonidae
Magelonidae
Amphinomidae
Alciopidae
Sphaerodoridae
Sabellariidae
Pilargidae
Pectinariidae
Lopadoerrhynchidae
Goniadidae
Trichobranchidae
Scalibregmatidae
Oweniidae
lospilidae
Fabriciidae
Euphrosinidae
Arenicolidae
Aphroditidae
Acoetidae
Tomopteridae
Polygordiidae
Poecilochaetidae
Acrocirridae
Travisiidae
Sternaspidae
Spintheridae
Protodrilidae
Pontodoridae
Pholocidae
Paralacydoniidae
Lacydeniidae
Chrysopetalidae
Bonelliidae

37

66

20 40

Number of species

60

Fig. 2: Number of polychaete species per family classified by decreasing number of species.
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Fig. 3: Results of cluster analysis (Serensen similarity) on the presence and absence of species, in the four defined sectors (S1 to
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Fig. 4: Number of species present of the ten most diversified families in the four defined sectors (see Fig. 1) along the Algerian

coast.

for 55% of polychaetes diversity (Fig. 2); seven families
are contain betweenl0 and 20 species, whilst most of
the remaining families (41) have fewer than 10 species;
moreover, ten families are only represented by a single
species (Fig. 2).

Out of the 534 species reported, 22 are planktonic, in-
cluding five families with a strictly pelagic life style: Al-
ciopidae (5 species), Lopadorhynchidae (4), losipilidae
(3), Tomopteridae (2) and Pontodoridae (1). Five species,
two of Ancistrosyllis (Pilargidae), two of Polynoidae and
one Nereididae belonging to families of benthic poly-
chaetes are all pelagic.

The previously defined geographical sector 2 was
found to be the richest in terms of polychaete diversity
with 56 families and 430 species (representing 81% of
the total recorded species). Sector 1 with 48 families (371
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species, 69%) supported the second largest diversity. The
eastern sectors were relatively poorer in terms of diver-
sity with 49 families (300 species, 56%) in sector 3 and
40 families (195 species, 37%) in sector 4. Figure 3 com-
pares the similarities between the four sectors; sector 4 is
very different from the three other sectors, whilst sectors
1 and 2 (in the western and central parts, which display
the richest diversity), also show the greatest similarity.
Families are represented by a similar number of species
in all except sector 3 where the family of Syllidae is more
diversified (Fig. 4).
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Questionable species (Qs) and species complexes

Among the 534 species recorded along the Algerian
coast, 45 correspond to the status “questionable species”
and 38 are considered nowadays to be species complexes,
these numbers respectively 8 and 6.5% of the total rich-
ness amongst the polychaete (Table 1). Further data will
be required to confirm their presence in Algerian waters.
It should be noted that most of these species have already
been previously reported in other polychaete inventories
(e.g., Faulwetter et al., 2017).

The following taxa are classified as both questiona-
ble species and species complex: Axiothella rubrocincta
(Johnson, 1901), Capitella capitata (Fabricius, 1780),
Chaetozone setosa Malmgren, 1867, Laonice cirrata (M.
Sars, 1851), Lepidonotus squamatus (Linnaeus, 1758),
Phyllodoce groenlandica Orsted, 1842, Protocirrineris
chrysoderma, (Claparéde, 1868), and Terebellides stro-
emii Sars, 1835.

Ampharete acutifrons (Grube, 1860) may have been
confused with Ampharete lindstroemi Hessle, 1917 in
the Mediterranean Sea (Mikac, 2015) and in samples
found in Algerian waters. It forms a species complex in
its North Atlantic and Pacific distributions (Faulwetter et
al., 2017). Ampharete grubei Malmgren, 1865 is often
reported as A. acutifrons, which is also present in Greek
waters (Faulwetter ez al., 2017).

The specimens reported as Chaetozone setosa
Malmgren, 1867 in the Mediterranecan Sea and along
the Algerian coast, corresponds to several possible spe-
cies such as Chaetozone gibber Woodham & Chambers,

em

eam

€éa...

emip

emr
ea..
eamr
emr...
amip
mrip
mip
am

amr

1994, Chaetozone corona Berkeley & Berkeley, 1941 or
Chaetozone carpenteri McIntosh, 1911: it probably does
not exist in the Mediterranean Sea (Cinar & Ergen, 2007;
Faulwetter et al., 2017).

Specimens of polychaetes from the Mediterranean
previously named as Terebellides stroemii almost cer-
tainly belong to different species including 7Zerebellides
gracilis (Malm,1874) and Terebellides mediterranea
Parapar, Mikac and Fiege, 2013 (Faulwetter et al., 2017).

Non-Indigenous Species (NIS)

Out of the 534 species reported along the Algerian
coast, eight have the status NIS in the Mediterranean
Sea: Aricidea (Aricidea) fragilis (Webster, 1879), Fico-
pomatus enigmaticus (Fauvel, 1923), Hydroides diram-
pha Morch, 1863 and H. elegans (Haswell, 1883), Lum-
brineris perkinsi Carrera-Parra, 2001, Metasychis gotoi
(Izuka, 1902), Notomastus aberans Day, 1957 and Pista
unibranchia Day, 1963.

Seven species found along the Algerian coast were
reported in the list compiled by Zenetos et al. (2017).
They were Ficopomatus enigmaticus (Fauvel, 1923), Hy-
droides dirampha Morch, 1863 and H. elegans (Haswell,
1883), Lumbrineris perkinsi Carrera-Parra, 2001, Meta-
sychis gotoi (I1zuka, 1902), Pista unibranchia Day, 1963,
and Notomastus aberans Day, 1957. Aricidea (Aricidea)
fragilis (Webster, 1879) was a typically west-Atlantic
species. It was present in the Adriatic and Tyrrhenian seas
and in the Strait of Sicily (Langeneck et al., 2018). The

203

100

Number of species

150 200 250

Fig. 5: Number of species present in the different geographical groups. Legend: amr: African Atlantic, Mediterranean and Red Sea
species, amip: African Atlantic, Mediterranean and Indo-Pacific species, mip: Mediterranean and Indo-Pacific species, mrip: Med-
iterranean, Red Sea and Indo-Pacific species, am: Mediterranean and African Atlantic species, emrip: European Atlantic, Mediter-
ranean, Red Sea and Indo-Pacific species, eamr: European Atlantic, African Atlantic, Mediterranean and Red Sea species, eamrip:
European Atlantic, African Atlantic, Mediterranean, Red Sea and Indo-Pacific species, emr: European Atlantic, Mediterranean and
Red Sea species, eamip: European Atlantic, African Atlantic, Mediterranean and Indo-Pacific species, emip: European Atlantic,
Mediterranean and Indo-Pacific species, e: endemic species, ¢: cosmopolitan species, eam: European Atlantic, Mediterranean and
African Atlantic species, em: European Atlantic and Mediterranean species.
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status of NIS is also given for this species present along
the Algerian coast.

Geographical patterns of Polychaetes of the Algerian
coasts

Most of the Polychaetes found in Algerian waters
have an Atlantic-Mediterranean origin (315 species, 50%
of the total number recorded). 203 species (38%) are
common to the Mediterranean Sea and the North-Eastern
Atlantic coast, whereas 107 species (20%) are common
to the Mediterranean Sea, the North-Eastern Atlantic
and African Atlantic coast and only three species share a
Mediterranean and African Atlantic distribution (Fig. 5).
The cosmopolitan species (61) and endemic species (24)
make up 11.5 and 5% of all species respectively. 122 spe-
cies (23% of the total) show a wide distribution across
the North-Eastern Atlantic Ocean, the Mediterranean and
Red Seas as well as being found in the Indo-Pacific re-
gion. Only six species (1%) share a Mediterranean, Red
Sea and Indo-Pacific distribution.

A total of 492 species from the European Atlantic
Ocean and 507 from the North-Western Mediterranean
Sea were reported as found along the Algerian coast;
these species make up 92 and 95% respectively of the
total inventory. The Aegean and Adriatic Seas have a high
number of polychaete species in common with the Alge-
rian coasts, respectively 488 (91%) and 462 (86%) spe-
cies, whereas a significant number are in common with
the Tonian Sea (406 species and 76%), the Levantine Sea
(348 species, 66%) and with the Tunisian shelf extending
to Libya (305 species, 57%). By contrast, the Alboran Sea
(180 species, 34%) and the Black Sea (189 species, 35%)
both share a relatively low number common of species
with the Algerian coast. The number of species shared
between the Algerian coast and the Red Sea (110 species,
21%) and the Indo-Pacific (151 species, 28%) was low.

The geographical distributions of the 534 species re-
corded from the Algerian coast (Table 1) are compared
with their presence in 12 other geographical areas. Dif-
ferences were analysed using the Sorensen coefficient
(Fig. 6). The dendrogram showing the Sorensen simi-
larity between the 13 geographical areas suggests the
division of these areas into two main groups. The first
group comprises only two areas, the Red Sea (labelled
12 in Fig. 6) and the Indo-Pacific region (13) whereas
the second group encompasses all the 11 other areas.
Within this second group, the Alboran Sea (3), the Black
Sea (10) and the African Atlantic coast (1) show the low-
est level of similarities with the other areas in the same
group. However, the remaining eight areas display a high
level of similarity and form an distinct pattern with the
Tunisian shelf and Libya (7), Levantine Sea (11), loni-
an Sea (6), Adriatic Sea (8), North-Eastern Atlantic Eu-
ropean (2), Algeria (South-Western Mediterranean) (5),
North-Western Mediterranean (4) and Aegean Sea (9).
The highest similarities (>90%) are found between the
North-Eastern Atlantic European waters (2) and the Al-
gerian south-western Mediterranean (5) and also between
the North-Western Mediterranean (4) and the Aegean
Sea (9) (Fig. 6).

Discussion

The estimated total number of polychaete species var-
ies depending on the author (Arvanitidis ez al., 2002; Coll
et al., 2010); the most recent census of polychaete spe-
cies for the Mediterranean Sea is that of Faulwetter et al.
(2017) who recorded 1,105 species. With 534 species, the
polychaetes of the Algerian coasts represent 48% of the
polychaete fauna found in the Mediterranean Sea and this
diversity is appreciable in comparison with those noted in
other areas of the Mediterranean Sea (Table 2).

However, the inventory of Faulwetter et al. (2017) do
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Fig. 6: Results of cluster analysis (Serensen similarity) on the species presence and absence in 13 geographical regions.1: African
Atlantic Coast (from Cap Spartel to Cap Blanc); 2: North-Eastern Atlantic European waters; 3: Alboran Sea; 4: North-Western
Mediterranean; 5: Algerian South-Western Mediterranean; 6: Ionian Sea; 7: Tunisian Shelf and Libya coastline; 8: Adriatic Sea; 9:
Aegean Sea; 10: Black Sea; 11: Levantine Sea; 12: Red Sea and 13: Indo-Pacific Oceans.
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Table 2. Comparison of inventories of polychactes species found in different areas of the Mediterranean Sea.

Author (s) Areas Species  Comments
Arvanitidis et al, 2002 Mediterranean and Black seas 1,036 ;;1::;2 fS:c1es recorded including questionable
Coll et al., 2010 Mediterranean Sea 1122 Few data in the southern part of the Mediter-
ranean Sea
Faulwetter et al., 2017 Mediterranean Sea 1,105 Numbe.r standardised to currently accepted
names in 2017
Gillet, 2017 Morocco (Atlantic and Mediterranean) 321 Continental shelf species
Dauvin et al., 2006 Mediterranean French continental shelf 623 Continental shelf species
Gulf of Lions 641 Continental and bathyal species
Gulf of Lions 487 Continental shelf species
Provence-Alpes-Cote d’ Azur coast 516 Continental shelf species
Corsica 256 Cont}nental shelf species, few data around
Corsica
Castelli et al., 2008 Italian waters 876 Including questionable species
Mikac, 2015 Adriatic Sea 764 Including questionable species
Ayari et al., 2009 Tunisia 289 Few data for the southern part of the Tunisia
Zaabi et al., 2012 Cap Bon Peninsula, Tunisia 212 North-east coast of Tunisia
Zaabi et al., 2012 Tunisia 375 New cumulative number
Fersi et al., in preparation Tunisia 443 Indicative total number
Arvanitidis, 2000 Aegean Sea 592 0-1000 m, except Turkish coast
Simboura & Nicolaidou, 2001  Greek waters 753 Census from 1891 to 2000
Arvanitidis et al., 2002 Western Basin of the Mediterranean 884 ?pli:ii esc1es recorded including questionable
Central Basin of the Mediterranean 578 All species recorded including questionable
species
Levantine Basin of the Mediterrancan 451 All species recorded including questionable
species
Aegean Sea 493 All species recorded including questionable
species
Faulwetter et al., 2017 Greek waters 836 Including 142 questionable species
Cinar et al., 2014 Mediterranean coasts of Turkey 705 Including questionable species
Cinar, 2005 Cyprus waters 456 All species recorded including questionable
species
Sahin & Cinar, 2012 Black Sea 238 New cumulative number
Dorgham et al., 2013 Egyptian Mediterranean waters 283 Including questionable species
This study Algerian waters 534 Species mainly found on the continental

shelf

not include 45 of the 534 Algerian species. Moreover, this
value of 534 species may also be under-estimated due to:
1) the low level of study and sampling in the eastern part
of the Algerian coast (sectors 3 and 4); 2) the few stud-
ies of exceptional habitats (including the phanerogams,
shallow and deep hard substratum as well ascoralligenous
formations and the bathyal benthic zone), and 3) the ab-
sence of molecular analyses applied to those questionable
species and species complexes, those Non-Native species
and those species classified as “cosmopolitan”.

The richness of polychaete species along the coast of
Algeria is comparable to that reported for the continental
shelf of the French Mediterranean coast (Dauvin et al.,
2006) and also to that for the Greek part of the Aegean
Sea (Arvanitidis, 2000) (Table 2). This richness is higher
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than that found in bordering countries such as Moroc-
co, with 321 species listed including the Atlantic coast
of Morocco (Gillet, 2017), and Tunisia with 443 species
(Ayari et al., 2009; Zaabi et al., 2012. It is also higher
than that observed for the Black Sea (Sahin & Cinar,
2012). Nevertheless, an even greater diversity of poly-
chaetes have been found for Greek waters (Faulwetter et
al.,, 2017), along the Italian coast (Castelli et al., 2008),
in Turkish waters (Cinar et al., 2014), and in the Adriatic
Sea (Mikac, 2015).

In the coasts of Algeria, the families of Syllidae, Spio-
nidae, Polynoidae, Phyllodocidae, Terebellidae, Serpuli-
dae and Sabellidae, account for most of the diversity, as is
the case in along the French Continental shelf (Dauvin et
al., 2000), the Greek coasts (Faulwetter et al., 2017), the
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Turkish coasts (Cinar et al., 2014), and Adriatic coastline
(Mikac, 2015); however, in these areas, there is also the
significant presence of the family Maldanidae.

The percentage of questionable species and species
complexes remains high in the case of studies along the
Algerian coastline (15%), but this number is lower than
that given by Faulwetter et al. (2017) for such types of
species present in Greek waters (23%).

Arvanitidis et al. (2002) reviewed 1,036 species of
polychaetes for the Mediterranean Sea, including 41%
that are considered as cosmopolitan, 29% as Atlan-
tic-Mediterranean and 19% as endemic polychaetes. By
comparison, the Mediterranean, European and African
Atlantic species are dominant along the Algerian coastal
waters accounting for 60%. The European Atlantic-Med-
iterranean species (38%) and the cosmopolitan species
(12%) are the dominant groups on the Algerian coasts.
The number of endemic species for Algeria is low (24
species, making up just 5% of the recorded species and
indeed, lower than the values reported for other areas of
the Mediterranean Sea such as the French Mediterranean
coast (Dauvin et al., 2006), the Greek coasts (Simboura
& Nicolaidou, 2001) and the Aegean Sea (Arvanitidis et
al.,2002).

The close similarity between the Algerian polychaetes
and those found in both the European and African coasts
of the Atlantic Ocean reflects the influence of the Atlan-
tic waters along the Moroccan coasts extending towards
Tunisia in the south of the Mediterrancan Sea, which
is inevitably related to the connexion via the Strait of
Gibraltar (Fig. 6). This same observation has previous-
ly been highlighted for all the macrobenthic species of
the Algerian coasts (Dauvin et al., 2013). Moreover, the
polychaete fauna in Algerian waters is similar to those
of the North-Western basin of the Mediterranean Sea off
Spain, France and Italy (Fig. 6). Furthermore, Algerian
polychaete fauna displays a great similarity to that of the
Aegean Sea (both Greek and Turkish coasts), suggesting
a high level of similarity of Polychaete fauna at the scale
of the Mediterranean Sea. The Black Sea, due its particu-
lar physico-chemical characteristics shows little similari-
ty in terms of polychaete fauna with the different areas of
the Mediterranean Sea.

Faulwetter et al. (2017) pointed out that the regional
lists of species inevitably reflect the research and sam-
pling effort. He added that their reliability depends on
the presence of zoological experts who are competent in
the identification of polychaetes, noting that some groups
or species of polychaetes can be very difficult to identi-
fy (Dauvin, 2005). The richness and geographic origin
of a species in a given area can be estimated by making
comparisons. Faulwetter et al. (2017) stressed that each
inventory carried out on Polychaetes has given rise to a
relatively large number of species reported in the same
region. Faulwetter et al. (2017) go on to explain that this
may be partly due by the actual geographic distribution
of species and partly due to the incorrect identification of
some species.

Comprehensive revisions and updated identification
keys are lacking for many of the taxa studied in the Medi-
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terranean yet protocols established a century ago, such as
those of Fauvel (1923, 1927a), are still commonly used in
many laboratories as the main tools for species identifica-
tion. It is unfortunate that the level of research on Medi-
terranean Polychaete Fauna performed in the 1990s was
not maintained to the present day. The taxonomic effort
remains to be implemented and will be a challenge for
polychaete experts around the world. On the other hand,
British Synopses, Fauna Iberica and other publications on
the taxonomy and phylogeny of polychaetes remain very
useful tools for the identification of the Mediterrancan
polychaetes. Furthermore, molecular analysis needs to be
developed to resolve the problems of cryptic and sibling
polychaete species, not only for the Mediterranean Sea
but also for the wider area of the North-Eastern Atlantic
Ocean. The World Register of Marine Species (WoRMS)
has become an indispensable tool, not only for naming
existing species and problems of synonymy, but also for
describing their actual geographical distribution.

The Mediterranean Sea is recognised as a rich area for
biodiversity. It is also impacted on by a range of damag-
ing factors such as habitat loss and degradation, climate
change, pollution and the invasion of NIS (Coll et al.,
2010, 2012; Altobelli et al., 2017). A regular evaluation
of the marine biodiversity of target groups (such as the
polychaetes) in certain target areas (such as the wide
range of soft-bottom habitats in the Bay of Bou Ismail)
is strongly recommended. Such monitoring activity can
reveal the long-term changes in biodiversity under the
increased influence of climatic and human pressures in
Algerian coastal environments.

The analyses by Arvanitidis et al. (2002) show dif-
ferences in the Mediterranean Sea between the western
basin, where the polychaete studies are satisfactory, and
the eastern basin where the knowledge of polychaetes
remains insufficient. Furthermore, Spanish, French and
Italian inventories cover the northern coasts of the west-
ern basin, whereas there is relatively sparse data for the
southern coast (North Africa) of this same basin. For the
central part of the Mediterranean Sea, these inventories
take into account the lonian Sea (Italy and Greece). Fi-
nally, for the eastern basin, the inventories carried out
concern mostly the Aegean Sea (Ergen, 1976; Simboura,
1987; Arvanitidis, 1994, 2000), the Levantine Sea, mainly
the coasts of Cyprus and Israel (Ben-Eliahu, 1972, 1991,
1995; Ben-Eliahu & Fiege, 1995,1996; Russo, 1997), the
Egyptian coasts (Abd-Elnaby, 1999; Selim, 1978,1996)
and Turkish waters (Ergen & Cinar, 1997). The data re-
lating to these areas remain sporadic.

Since the beginning of new millennium there has been
a considerable research effort on polychaetes with a great
deal of effort targeted at those areas with a low level of
data: Algeria (Bakalem, 2008; Grimes, 2010), Tunisia
(Ayari et al., 2009; Zaabi et al., 2012; Ayari et al., in prepa-
ration), Greece (see Faulwetter, 2017), Turkey (see Cinar
et al., 2014), Cyprus (Cinar, 2005), and Egypt (Abd-Elna-
by, 2008, 2009; Dorgham et al., 2013, 2014). These very
recent results have shown that the diversity of polychaete
fauna is relatively homogenous at the scale of the whole
Mediterranean Sea and that the differences between the
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West and East (as noted by Arvanitidis ez al. , 2002) may
only be due to the lack of information and thus not correct-
ly reflect the real situation. Future research using molec-
ular analysis will be crucial to assess the representability
of questionable species and species complex, which are
numerous amongst the polychaete species reported.
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