Chapter 11
Hydrozoans from Mauritanian
Deep-Waters

Marta Gil and Fran Ramil

Abstract During the four Maurit surveys carried out annually from 2007 to 2010,
342 trawl stations were sampled off the Mauritanian coast between 80 and 2000-m
depth. Hydroids were captured at 174 stations, totalling 6169 colonies belonging to
63 species and 19 families. Most of the species were Leptothecata and only seven
belonged to Anthoathecata. Thirty-two of the 63 species are new records for
Mauritania. Plumulariidae showed the highest species richness (8 species), followed
by Sertulariidae and Campanulariidae (7 species), Lafoeidae, Haleciidae and
Aglopheniidae (6 species). The most abundant were Sertulariidae, followed by
Aglaopheniidae, Plumulariidae, Campanulariidae, Halopterididae and Haleciidae.
The ability of hydroids to colonize Mauritanian soft bottoms was driven by hy-
drorhizal modifications for anchoring the colony to the sediment and by epizoism
on 11 invertebrate groups. Families whose species developed both strategies and
those which were typically epibionts on hydroids were the most frequent and
abundant. Most of the species were eurybathic (58 species), with four species
recorded only in the coastal realm, 18 exclusively in the deep benthic realm and 41
in both realms. Therefore, overall hydroid diversity was highest in the deep benthic
realm. Biogeographical components included two main groups: species with a wide
distribution (59%) and species of Atlantic distribution (41%); our results also
emphasize the similarity between the Mauritanian hydroid fauna and the
Atlantic-Mediterranean region. Only one species, Hydractinia multitentaculata
(Millard 1975), has West African distribution. No endemic species were reported.
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Introduction

The hydroid fauna of the Northeastern Atlantic is one of the best known in the
world. This knowledge stems mainly from research accomplished throughout the
20th century on European coasts, including the Mediterranean Sea (for biblio-
graphic reviews see Cornelius 1995; Bouillon et al. 2004; Altuna 2007, 2014;
Schuchert 2012). Nevertheless, the hydroid fauna of the Northwest African coast is
still poorly studied, despite the high zoogeographical interest of this region, which
is a border zone between the boreal-temperate and the tropical biota (Van Soest
1993; Briggs 1995; Briggs and Bowen 2012).

Most of the available literature concerns the results of historical oceanographic
expeditions: Challenger (Allman 1883, 1888), Prince Albert I of Monaco (Pictet
and Bedot 1900; Bedot 1921; Leloup 1940), Travailleur et Talisman (Billard
1906a), Michael Sars (Broch 1913), Valdivia (Stechow 1925) and Atlantide
(Vervoort 1959). In addition, study of material collected during the colonial period
has contributed to knowledge of littoral hydroids (Billard 1907, 1924, 1927, 1930,
1931, 1934; Ritchie 1907; Broch 1914; Picard 1951; Buchanan 1956, 1957). Some
isolated records can also be found in Quelch (1885), Leloup (1937), Vervoort
(1946), and Rees and Thursfield (1965).

The best known hydrozoan fauna in the region is that of the Atlantic coast of
Morocco, mainly due to the work of Patriti (1970). His paper provided descriptions
of species deposited in collections of the Institut Scientifique Chérifien de Rabat
(Morocco), and included previous literature records. Additional information exists
on deep-water hydroids from the Ibero-Moroccan Gulf (Ramil and Vervoort 1992)
and on collections from Dutch CANCAP Expeditions (Medel and Vervoort 1998,
2000; Ansin Agis et al. 2001; Vervoort 2006), which also included material from
the Azores, Madeira, Selvagens, Canary and Cape Verde Islands. More recently,
three athecate hydroids were reported from Cape Spartel and Agadir (Morocco) by
lazza et al. (2013). Littoral hydroids from the Canary Islands were studied by
Izquierdo et al. (1986a, b, 1990), while those from waters of Guinea Bissau were
addressed by Gili et al. (1989).

The only works focussing exclusively on hydroids from Mauritania were those
of Billard (1906b, 1931), who studied material collected in fishing trawls. As noted
above, Medel and Vervoort (1998, 2000), Ansin Agis et al. (2001) and Vervoort
(2006) included material collected in Mauritanian waters during the CANCAP III
and Tyro-Mauritania II Expeditions. These publications record a combined total of
47 valid species of benthic hydroids recorded off Cape Blanc and the Banc
d’Arguin area, mainly north of Cape Timiris, including shallow waters. No data are
available on species from waters off the central and southern coasts of Mauritania.

The four Maurit surveys carried out annually from 2007 to 2010 systematically
sampled the entire Mauritanian coast, enabling the collection of a significant
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amount of hydroids. The aim of this chapter is to improve knowledge of the
biodiversity, autecology and distribution of the benthic hydroids living on the deep
continental shelf and slope off Mauritania.

Materials and Methods

The hydroid species reported here were collected at 174 trawling stations located
along the entire Mauritanian coast between 81 and 1835-m depth, during the four
Spanish-Mauritanian multidisciplinary Maurit surveys. Most of the stations
(145) were sampled with a commercial otter trawl following a random stratified
sampling methodology. In addition, 15 stations were also sampled with a 3.5 m
horizontal opening beam trawl along five transects perpendicular to the coastline
over five bathymetric strata (150, 300, 500, 1000 and 1500 m). Fourteen samples
were obtained with a rock dredge over the coral mounds barrier and the canyon
borders (for a detailed description of station data, sampling methodology and maps,
see Chaps. 1, 4, 8, 13 and 14).

At each station, hydroids were carefully sorted from the total catch and pre-
served in 70% ethanol. In the laboratory, further studies involved the final sorting,
staining and preparation of slides for microscopic observation following a standard
procedure (Ansin Agis et al. 2001), as well as species identification based on
specialized literature. Data on abundance (number of colonies) and types of sub-
strata were also recorded.

Hydroid diversity and abundance were spatially represented by geostatistical
techniques, using ArcGIS krigging with a spherical semivariogram, with 12
neighbors, and the output cell size of 1000 m.

Geographical distribution and bathymetric ranges were established for each
species based on an extensive review of the existing hydrozoan literature and of our
own data. The biogeographical components employed in the discussion are based
on the distribution patterns proposed by Ansin Agis (1998) and Ansin Agis et al.
(2001). The bathymetric groups were performed following the schemes proposed
by Garcia Carrascosa (1981), Pefia Cantero (2004) and Altuna (2007): (A) Coastal
realm species, limited exclusively to the continental shelf (80-200 m); (B) Species
restricted to the deep benthic realm and absent from the continental shelf (200-
2000 m); and (C) species with a wide vertical distribution, including both realms.

We give an updated checklist after our own data and an extensive review of the
literature.

Specimens studied were largely deposited in the collections of the laboratory of
Zoology of the Faculty of Marine Sciences, University of Vigo (Spain) and of the
Oceanographic Centre of Malaga (Marine Fauna Collection, CFM-IEOMA),
belonging to the Spanish Institute of Oceanography (IEO).
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Results

General Overview

A total of 6169 colonies of hydroids were collected at 174 of the 342 trawl stations
carried out during the four Maurit surveys. The frequency did not show high values
(50.8%), but the stations where hydroids were sampled were more or less uniformly
distributed along the entire Mauritanian coast (Fig. 11.1).

We identified 63 species belonging to 19 families. In addition, a total of 529
colonies were only identified to the genus level, due to the absence of reproductive
structures and/or to their damaged condition. The current checklist of Mauritanian
hydroids includes 81 species and 20 families, the result of combining our data with
data extracted from the reviewed literature (Annexes 11.1 and 11.2).

Anthoathecata were only represented by seven species (11%), of which six,
Turritopsis dorhnii (Weissmann 1883), Bimeria vestita Wright 1859, Garveia
nutans Wright 1859, Eudendrium album Nutting 1898, Eudendrium ramosum
(Linnaeus 1758) and Leuckartiara octona (Fleming 1823) are reported here for the
first time in Mauritanian waters. The remaining 56 species were Leptothecata, of
which 35 are new records from this area (indicated with * in Annexe 11.1). At the
family level, Plumulariidae showed the highest species richness (8 species), fol-
lowed by Sertulariidae and Campanulariidae (7 species), Lafoeidae, Haleciidae and
Aglaopheniidae (6 species). Halopterididae, Bougainvilliidae and Tiarannidae
recorded intermediate values (4-3 species); the remaining families were only rep-
resented by one or two species (Fig. 11.2).

Two sertulariid species, Dynamena disticha (Bosc 1802) and Sertularia mar-
ginata (Kirchenpauer 1864), also recorded during the surveys, were not considered
for further discussion, since they were attached to leaves of Zostera sp, a seagrass
absent from the sampled depths and probably fished as floating debris.

Most abundant in the samples were specimens referable to Sertulariidae (1557
colonies), followed by Aglaopheniidae (1278 colonies), Plumulariidae (957 colo-
nies), Campanulariidae (512 colonies), Halopterididae (445 colonies) and
Haleciidae (320 colonies) (Fig. 11.3). Sertulariidae also showed the highest oc-
currence (collected at 53% of the stations where hydroids were recorded), followed
by Plumulariidae (49%), Aglaopheniidae (43%), Tiarannidae (40%), Haleciidae
(40%) and Campanulariidae (33%) (Fig. 11.4).

Species richness was similar within the three sectors considered (north: 20°51'N—
19°23'N, centre: 19°23'N-17°40'N and south: 17°40'N-16°04'N) (Ramos et al.
2010), slightly higher in the north (Banc d’Arguin region, 52 species) than in the
centre (47 species) and the south (45 species). Thirty-three species were collected
along the entire Mauritanian coast, 15 in at least two sectors, and 15 in only one sector
(see Annexe 11.1). By station, the species richness varied between 30 and one species
and was mostly low: more than 10 species were only recorded at 29 stations, whereas
only one or two hydroid species were collected at 77 stations. The distribution of the
species richness showed discontinuous latitudinal patterns, peaking off Cape Blanc
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Fig. 11.1 Location of the 179 stations from the four Maurit surveys in which Hydrozoa were
collected
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and on the bottoms adjacent to the submarine canyons off the Banc d’Arguin, north
and south Cape Timiris and near the Senegalese border (Fig. 11.5). Moreover, in all
these areas the highest figures corresponded to the deep-shelf and upper-slope areas
(80-500 m), reaching 1000 m off Northern Cape Timiris and close to the Senegalese
border. The lowest values were obtained in some areas off Banc d’ Arguin and south of
Nouakchott, mainly in deep waters, with the exception of the southernmost area,
where intermediate values were obtained between 1000 and 2000 m.

By station, the abundance of hydroids was mostly low, with only 19 stations
recording more than 100 colonies and 93 stations fewer than 10 colonies. The most
abundant species were Sertularella gayi gayi (Lamouroux 1821) (1047 colonies)
and Aglaophenia lophocarpa Allman 1877 (735 colonies). Another 16 species each
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Fig. 11.4 Occurrence (%) of the 18 Hydrozoa families collected on the Mauritanian deep shelf
and slope
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Fig. 11.5 Distribution of the Hydrozoa in Mauritanian waters: species richness (S) (left)
and numerical abundances (N, number of colonies) (right)
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accounted for more than 100 colonies (Fig. 11.6). Sertularella gayi gayi showed the
highest occurrence value (45%), followed by Streptocaulus dollfussi (Billard 1924),
Modeeria rotunda (Quoy & Gaimard 1827), Halecium halecinum (Linnaeus 1758),
Nemertesia perrieri (Billard 1901), Clytia paulensis (Vanhoffen 1910) and
Racemoramus panicula (G. O. Sars 1874) (20-29%), along with another nine
species whose occurrence was higher than 15% (Fig. 11.7). Pictures of some rep-
resentative hydroid species off Mauritania are shown in Fig. 11.8.
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Distribution of abundances followed the same pattern as species richness,
peaking at the same areas and depths (Fig. 11.5). Low abundances recorded in the
Banc d’Arguin area must be highlighted, with higher values only at its northern and
southern boundaries (Cape Blanc and Cape Timiris, respectively). In addition, at
depths of 1500-2000 m, high abundance values were found south of Cape Timiris
and intermediate abundances at 17°N.
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Fig. 11.8 Photographs of the most representative Hydrozoa species on the Mauritanian deep shelf
and slope: I Sertularella gayi gayi: colony. 2 S. gayi gayi: colony with gonothecae. 3 Aglaophenia
lophocarpa: colony. 4 A. lophocarpa: corbula. 5 A. lophocarpa: hydrocladium. 6 Streptocaulus
dollfusi: colony. 7 S. dollfusi: hydrocladium with phylactocarp and gonothecae. 8 Diphasia
margareta: colony. 9 Sertularella cylindritheca: colony. 10 Aglaophenia tubulifera: autoepizoism.
11 Nemertesia perrieri: colony. 12 Stegopoma plicatile: colony on Cirripedia. 13 S. plicatile:
colony. 14 Modeeria rotunda: colony epibiont on S. gayi gayi. 15 Antennella siliquosa: colony on
tube of Polychaeta. 16 Lovenella producta: colony on artificial substratum. /7 L. producta: colony
fragment with gonotheca (© Marta Gil)



428 M. Gil and F. Ramil

Types of Substrates

Hydroids collected during Maurit surveys appear to have two different strategies for
colonizing soft bottoms off the coast of Mauritania. The first strategy involved
morphological adaptations of their hydrorhizae, in which a bundle of interwoven
tubules that adhered to muddy or sandy sediments was produced, thereby anchoring
colonies to the sea bottom. The second strategy, shared by 50 species, was char-
acterized by use of suitable substrata for fixation of the colonies. It included epi-
zoism on 11 taxa of invertebrates, as well as exploitation of artificial substrata
including ghost nets, ropes, fishing lines and plastics.

Thirteen species [Cryptolarella abyssicola (Allman 1888), Halecium beanii
(Johnston 1838), Halecium delicatulum Coughtrey 1876, H. halecinum, Lytocarpia
myriophyllum (Linnaeus 1758), S. dollfusi, Nemertesia antennina (Linnaeus 1758),
Nemertesia perrieri (Billard 1901), Nemertesia ventriculiformis
(Marktanner-Turneretscher 1890), Pseudoplumaria marocana (Billard 1930),
Diphasia margareta (Allman 1888), S. gayi gayi and Sertularella gayi robusta
(Allman 1873)] showed hydrorhizal adaptations to soft bottoms, but only three, C.
abyssicola, L. myriophyllum and N. antennina, adopted this strategy exclusively.
The remaining species were collected as epizoics on invertebrates, while H. hale-
cinum, S. gayi gayi and S. gayi robusta were also found colonizing artificial sub-
strata. We collected 48 species from different invertebrate groups, of which 29 were
exclusively epizoic. Hydrozoa (24%) and Bryozoa (19%) were the most common
substrata, followed by Porifera and Polychaeta tubes (11% each), Bivalvia (9%),
Cirripedia, Scleractinia, Crustacea, Ascidiacea, Gastropoda and Holothuroidea (5—
1%) (Fig. 11.9). Attificial substrata were utilized by 14 species. Of these, only
Stegopoma bathyale Vervoort 1966 and Aglaophenia parvula Bale 1882 were
limited to such substrates, although several large and dichotomously branched
colonies of A. parvula were obtained as detached specimens. Nine species

Fig. 11.9 Occurrence (%) of Polychaeta
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[Acryptolaria conferta conferta (Allman 1877), Bedotella armata (Pictet and Bedot
1900), Cirrholovenia tetranema Kramp 1959, Halecium sessile Norman 1866,
Halopteris diaphana (Heller 1868), Nemertesia ramosa (Lamarck 1816),
Sertularella mediterranea Hartlaub 1901, Sertularella polyzonias (Linnaeus 1758)
and Streptocaulus multiseptatus (Bale 1915)] were collected exclusively as
detached colonies. Information about their substrates is therefore unavailable.

The most obvious substrate generalists were Sertularella gayi gayi (nine different
substrata), A. lophocarpa, C. paulensis, and S. dollfusi (seven substrata), Halecium
sibogae marocanum Billard (1934) and R. panicula (six substrata), Antennella se-
cundaria (Gmelin 1791), H. delicatulum, H. halecinum, Obelia dichotoma
(Linnaeus 1758), Stegopoma plicatile (M. Sars 1863) and T. dorhnii (five substrata).
Notably, they were among the most abundant and most frequent of the species.

Bathymetric Distribution

Of 63 species collected, four were found exclusively in the coastal realm (6%) and
18 exclusively in the deep benthic realm (29%), with the remaining 41 being
recorded from both realms (65%) (Annexe 11.1). In consequence, the hydroid fauna
of the shelf is composed of 45 species whereas that of the slope is comprises 59
species (Fig. 11.10).

Bougainvillia muscus (Allman 1863), E. album, Hydractinia multitentaculata
(Millard 1975) and N. ramosa were collected only on the deep shelf.

Among the 18 species restricted to the slope, Leukartiara octona (Fleming
1823), Egmundella superba Stechow 1921, C. tetranema, A. conferta conferta, S.
multiseptatus, S. mediterranea, B. armata, Plumularia filicula Allman 1877,
Kirchenpaueria bonnevieae (Billard 1906), Polyplumaria flabellata (Sars 1873), S.
bathyale, Zygophylax levinseni (Saemundsson 1911) and Halecium tenellum
Hincks 1861 were recorded on the upper slope at depths between 200 and 800 m.
Lovenella producta (G. O. Sars 1874) and H. sessile were found on the middle
slope (800-1500 m), with C. abyssicola collected only at 1500 m. Stegopoma
plicatile and Acryptolaria conferta minor (Ramil and Vervoort 1992) were dis-
tributed along the entire slope. The remaining species occurred over wide bathy-
metric ranges, encompassing both realms.

Analysis of bathymetric distributions based on our data and those extracted from
the literature shows that only 13 of 81 species known from Mauritania are steno-
bathic, with ranges less than 300 m: B. muscus, Pennaria disticha Goldfuss 1820,
Hydractinia marsupialia Millard 1975), H. multitentaculata, Mitrocomella poly-
diademata (Romanes 1876), D. disticha, Sertularella ellisii (Deshayes and Milne
Edwards 1836), S. marginata, Campanularia volubilis (Linnaeus 1758), Laomedea
flexuosa Alder 1857, Laomedea pseudodichotoma Vervoort (1959), Aglaophenia
octodonta (Heller 1868) and Clytia hemisphaerica (Linnaeus 1767). Bathymetric
ranges of the remaining species exceeded 300 m and, in consequence, are con-
sidered eurybathic.



430 M. Gil and F. Ramil

Depth (m)

-5000 -4000 -3000 -2000 -1000 0
| | I | | |

B.muscus

+ = | H.multitentaculata
=== | L pseudodichotoma

-==- | O.geniculata
e - | M.polydiademata
= - | B.vestita

+---- | Loctona .
== | C paulensis
+ === | S.mediterranea
Q.dichotoma
S.multiseptatus
A operculata
H.catharina
H.sib.marocanum
K.pinnata )
N.ventriculiformis
E.album
S.?a i robusta
C.tefranema
H.sessile
H.beanii
B.armata
H.tenelfum
C.hincksii

.gayl gayi
A.confconferta
E.superba .
A.secundaria
K.bonnevieae
P filicula
D.margareta
G.nutans
P.marocana
A.siliquosa
H.halecinum
N.perrieri
N.ramosa
M.rotunda
S.dollfusi
————— - | P.setacea
i A.tubuﬁfera
——— A.parvula
S.ccrv;'md{rthsca
—— T.dorhnii

--------- — S.bathyale

== - e—— | L myriophylfum
- A.conf.minor
E.ramosum
C.gracilis
F.serratum
S.plicatile
A.lophocarpa
P.flabellata
H.delicatulum
L.producta
;g_anfennma
.polyzonias
H.diaphana
Q.bidentata
Z.levinseni
L.gracillima
R panicula
C.abyssicola

Fig. 11.10 Bathymetric distribution of the 63 Hydrozoa species collected on the Mauritanian
deep shelf and slope (solid lines our data; dotted lines data extracted from the literature)
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Geographical Distribution

Analysis of geographical distribution patterns of the hydroids collected off
Mauritania revealed two main components (Fig. 11.11). The first and most repre-
sentative group, accounting for 58% of total species, included ones with a wide
distribution (cosmopolitan, circumglobal, circumtropical and non-classifiable). The
second group, composed of Atlantic species (Atlantic-Mediterranean, amphi-
Atlantic, eastern Atlantic and boreo-Atlantic), accounted for 42% of all species. The
most important contingent comprised circumglobal species (32%), followed by
cosmopolitan and Atlantic-Mediterranean (both with 17%) and amphi- and (both
with 9.5%). The remaining three contingents (boreo-Atlantic, circumtropical and
non-classifiable) each represented 5%.

Discussion

The coast of Mauritania harbours an especially productive marine ecosystem, the
result of permanent upwelling conditions off Cape Blanc (Aristegui et al. 2009). In
addition, its location on the border between the warm-temperate Lusitanian
Province and the Tropical Eastern Atlantic Province (Briggs 1995; Briggs and
Bowen 2012) represents a particularly interesting area for biogeographical studies,
displaying along the Mauritanian or Senegalese continental shelves the turnover
between Mediterranean-Atlantic and tropical West African biotas (Van Soest 1993).
However, benthic invertebrates, and especially sessile epifauna, are little known in
northwest Africa (Decker et al. 2004), and the southern distributional limits of
many well-known North Atlantic species remain uncertain. Moreover, the pre-
dominance of soft bottoms on the Mauritanian continental shelf does not encourage
study of sessile epifauna (Van Soest 1993). Although hydroids are considered
characteristic and abundant representatives of sessile epifauna on hard bottoms in
shallow-water communities (Boero 1984; Boero and Fresi 1986; Gili and Hughes
1995; Altuna 2007), their ability to colonize soft bottoms, linked to their capacity to
settle on a wide variety of substrates or to anchor directly in muddy or sandy
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bottoms, has also been pointed out by several authors (Gili et al. 1987, 1989; Calder
1991; Gili and Hughes 1995; Ramil et al. 1997; Pefia Cantero 2010; Di Camillo
et al. 2013). Results from the intensive sampling programme deployed during the
four Maurit surveys highlighted this capacity, as a total of 63 species were collected
mainly from muddy bottoms and showed a similar distribution pattern along the
entire Mauritanian coast. This diversity is comparable to that obtained by Vervoort
(1959), with 60 species collected during the Arlantide Expedition in tropical West
Africa, and by Gili et al. (1989), with 50 species obtained during seven exploratory
cruises in Guinea Bissau, Namibia and South Africa. Therefore, if we compare the
latitudinal range sampled in those surveys, both are much wider than that of the
entire Mauritanian coast. Hydroid diversity in Mauritania nevertheless seems to be
higher than in more southern tropical areas. However, it is lower than the diversity
reported from the Moroccan coast by Patriti (1970) and CANCAP expedition
papers (86 species), and from the Ibero-Moroccan Bay by Ramil and Vervoort
(1992: 72 species). Moreover, preliminary results from three surveys carried out
between 2004 and 2006 in Moroccan and Saharan waters (Maroc surveys) high-
lighted the existence of rich suspension-feeder communities, and reported a higher
hydroid diversity along the Atlantic Moroccan slope, mainly between Gibraltar and
Agadir (Ramil, University of Vigo, unpublished data, 2005). Hydroid diversity
along the West African coast does not accord with the paradigm of a cline of
increasing diversity from poles to tropics in the North Atlantic (Gray 2001).
Instead, it coincides with results obtained from the coasts of South Africa and
Namibia by Millard (1978) and Gibbons et al. (2010), in which hydroid diversity
declines northwards to the tropics. The reverse is known to occur along the east
coast of South Africa, with diversity strongly increasing northwards. Low diversity
along the west coast of South Africa and Namibia was attributed to the absence of
suitable hard substrata (Gibbons et al. 2010). However, our results, which confirm
the ability of many hydroid species to colonize soft bottoms, suggests that their
diversity can be driven by other factors that clearly influence biotic diversity on the
continental margins, such as local hydrological features, bottom heterogeneity and
food input (Levin and Sibuet 2012).

The capacity of hydroids, as substratum generalists, to colonize a wide range of
substrata enhances their adaptation to different ecological conditions, as already
noted by several authors (i.e., Boero 1984; Gili and Hughes 1995; Genzano et al.
2009; Ronowicz et al. 2013). Another strategy, modification of the hydrorhiza for
anchoring the colony to muddy or sandy substrata, is also displayed by several
genera and families (see Di Camillo et al. 2013) and, together with their substratum
generalist character, enhances the diversity of hydroids on soft bottoms along the
deep shelf and continental slope. Our results show that the most frequent and
therefore most widespread species off Mauritania are those that use both strategies
(substratum generalists and hydrorhiza modifiers), such as S. gayi gayi (the most
frequent and also most abundant), S. dollfusi, H. halecinum and some species of
Nemertesia. Nevertheless, small epizoic species living on large hydroids, such as
M. rotunda, C. paulensis, R. panicula, A. secundaria and Antennella siliquosa
(Hincks 1877), were also very frequent and/or abundant. The most colonized
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invertebrates were hydroids, including auto-epizoism within the Plumularioidea
(sensu Millard 1973), and Bryozoa (mainly erect colonies). The importance of large
colonies as substrata for other hydroids, reducing both the competition for space
and the negative effects of sedimentation, has been highlighted in several works
(see Genzano et al. 2009). Moreover, the condition of habitat formers and
ecosystem engineers, reported for several invertebrates such as large sponges, oc-
tocorals or scleractinians, among others, was also recently applied to L. myrio-
phyllum (Di Camillo et al. 2013) because of their capacity to stabilize sediments,
create secondary substrata and increase habitat complexity. On the Mauritanian
slope, another 12 large hydroid species with modified hydrorhizae for anchoring in
soft-bottoms (see Annexe 11.1) were heavily colonized by hydroids as well as by
other epifaunal representatives. In all likelihood, these species play the same role
here as those described for L. myriophyllum in the Mediterranean.

As for bathymetric distributions, previous works (Millard 1978; Calder 1996,
1998; Schuchert 2001; Altuna 2007; Ronowicz et al. 2013) have shown that the
highest species richness is located in the upper 200 m worldwide, related to the
most suitable environment features (hard substrata and food availability among
others) (Boero 1984; Calder 1991, 1998), but also influenced, at least in part, by a
greater sampling effort deployed in coastal waters (Calder 1998; Altuna 2007).
Conversely, in Mauritanian waters where hard bottoms are scarce and the greatest
sampling effort was deployed in deep waters, the figures are different: of a total of
63 hydroid species, 58 (92%) were collected along the slope versus 47 (75%) on the
shelf, with only four species recorded exclusively on the shelf. By adding data from
the literature, mainly from shallow waters in the Banc d’Arguin area, the current
checklist of Mauritanian hydroids rises to 81 species (Annexe 11.1 and 11.2) and
shows the same general figure. Also remarkable is the eurybathic condition of
Mauritanian hydroids, with their depth ranges exceeding 300 m (see Altuna 2007).
Only 24 (38.7%) of the 63 species collected during the Maurit surveys had
bathymetric ranges narrower than 300 m, but many of them were recorded only
once. If we consider the complete checklist and also the data extracted from lit-
erature, stenobathic species are reduced to eight (11.6%) (Fig. 11.10, Annexe 11.1).

These data contrast sharply with the dominance of stenobathic species (66%) in
the Bay of Biscay (Altuna 2007), although the importance of eurybathic species in
deep waters was pointed out by Calder (1997) in the north-western Atlantic and also
by Pefia Cantero (2004, 2014) in the Southern Ocean. Nevertheless, if we consider
mean values of species richness and the Shannon-Weaver index plotted by 200 m
depth strata, the highest values were obtained in the shallowest stratum and declined
sharply below the 500 m isobath, concurring with previous results that demonstrate
a progressive reduction of diversity below 100 m (Fig. 11.12a). This reduction is
more apparent along the continental slope at different depths (250-900 m),
depending on the area considered (Millard 1978; Stepanjants 1989; Calder 1996,
1998; Altuna 2007). Abundance also peaks on the deep shelf and falls abruptly to
700 m (Fig. 11.12b). Previous studies on deep hydroids are mostly taxonomic
works and abundance data are not reported. Only Gili et al. (1987) reported
abundance data for hydroids collected with a commercial trawl on the Catalan
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Fig. 11.12 Specific richness (a)
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continental shelf (NE Spain) between 5 and 870 m, where they collected 2261
colonies in 41 hauls of ca. 2 km? each.

In Maurit surveys, each trawl sampled around 0.1 km?® and we recorded 6169
colonies in 174 hauls. A rough comparison of mean values between our data and those
obtained by Gili et al. (1987) clearly reveal differences in hydroid abundances: ca.
28 colonies per km? on the Catalan coast versus ca. 355 colonies per km?® off
Mauritania. The low abundances obtained by Gili etal. (1987) were correlated with the
extreme degradation of intensely exploited fishing grounds. Although Mauritanian
fishing grounds have also been traditionally exploited by international trawl fleets for
more than 50 years (Sobrino and Garcia 1992), operating up to 1000 m depth (FAO
2006, 2012), we have found relatively high values of hydroid abundance. Higher
abundances in Mauritania were also reported for other benthic invertebrates compared
with those obtained in the North Sea by Duineveld et al. (1993).

Species richness and abundance distributions along the Mauritanian coast
(Fig. 11.5) show similar patterns, with highest values recorded on the shelf break
and upper slope, mainly around canyons.
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Canyons are sources of habitat heterogeneity with high benthic productivity,
since they provide suitable areas for recruitment and development of benthic fauna
(Ramirez-Llodra et al. 2010; Vetter et al. 2010). Also, their current patterns favour
development of suspension-feeder communities (Rowe 1971). The distributional
pattern of hydroids suggests that canyons harbour source populations which col-
onize nearby areas following the source-sink hypothesis, proposed by several
authors to explain the maintenance of diversity in non-favourable environments (for
review see Rex et al. 2005). On the Mauritanian slope, hydroid density probably
allows for successful reproduction, but these populations can be dramatically and
periodically disturbed by intense fishing activity. The existence of source popula-
tions in the canyons and the generalist nature of many hydroid species allow for a
rapid and continuous recolonization of the adjacent slope areas, and could explain
the abundanceand distribution patterns of hydroids in this area.

Biogeographical analyses of Mauritanian hydroids have been carried out pre-
viously only by Ansin Agis et al. (2001), whose work was limited exclusively to the
superfamily Plumularioidea. Two main groups were recognized, species limited to
the Atlantic (54.5%) and species with a wide distributions (45.5%). Analysis of
geographic distribution patterns of all hydroid species collected during the four
Maurit surveys highlights the importance of both components, although species
with wide distributions prevail (59%) compared with Atlantic species (41%).

The importance of Atlantic-Mediterranean species in Mauritania has already
been noted by Ansin Agis et al. (2001) for Plumularioidea and also by Van Soest
(1993) for sponges. In our collections, only 17% were Atlantic-Mediterranean
species. However, together with other hydroids widely distributed in the north-
eastern Atlantic (boreo-Atlantic and eastern Atlantic), they account for about 30%.
This percentage emphasizes the importance of the systems of currents, and mainly
the influence of the Canary Current on the southward dispersion of sessile epifaunal
species (Ansin Agis et al. 2001; Van Soest 1993).

Eastern Atlantic species apparently seldom colonize the Americas, so the source
of amphi-Atlantic species is taken to be the Western Atlantic Region (Briggs 1995).
Notably, the Azores Current, which reaches the continental slope of Morocco and
joins the Canary Current (Ferndndez and Pingree 1996), is considered an extension
of the Gulf Stream. This possible link to the western North Atlantic might explain
the presence of amphi-Atlantic species in Mauritania. In addition, the Equatorial
counter-current also allows eastward dispersion of Western Atlantic species (Briggs
1995). In addition, the Mauritanian Current moves northward in winter to the
latitude of Cape Blanc (Stramma and Schott 1999; Pastor et al. 2008), potentially
contributing to the amphi-Atlantic contingent in this area.

Noteworthy is the distribution of S. plicatile in the Eastern Atlantic, where it was
reported from Arctic and boreal seas (Calder 2012) to the west of Brest, France
(Cornelius 1995), and also in West Africa from Mauritania (present work) and
Namibia (Gili et al. 1989), but not from the Bay of Biscay (Altuna 2007), Iberian
Peninsula (Medel and Lopez-Gonzalez 1996), Ibero-Moroccan Bay (Ramil and
Vervoort 1992) or Macaronesian waters (Vervoort 2006). This distributional pattern
suggests a possible origin of West African populations in the Western Atlantic,
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where S. plicatile is known from Florida (Henry et al. 2008). We also hypothesized
the same origin for E. superba, reported from the Western Atlantic (Stechow 1921;
Calder 1991) and off the Azores (Leloup 1940 as Campanulina producta), but not
from African or European coasts. Finally, we emphasize that only one species, H.
multitentaculata, is exclusively distributed along the West African coast, from
Natal (South Africa) to Mauritania (Vervoort 2006; present work), which supports
the idea that the current system in this area prevents the northward dispersion of
benthic tropical species (Aristegui and Cruz 1986; Hernandez et al. 2013).

Conclusions

The hydroid fauna of Mauritania is relatively diverse, and similar in richness to
other tropical regions of West Africa despite the predominance of soft bottoms in
the study area.

Hydroids from submarine canyons probably act as source populations, enabling
recolonization of adjacent sea bottoms after fishing impacts and thus maintaining
diversity.

The most abundant and frequent species are those that have developed mor-
phological adaptations of their hydrorhizae as well as epizoic strategies, both
favouring the colonization of soft bottoms. Small species, living mainly as epibionts
on other hydroids, are also frequent and abundant.

Bathymetric distributions reveal higher diversity on the slope (59 species) than
on the shelf (45 species), and reflect the eurybathic character of the hydroid fauna of
Mauritania.

Biogeographical components are dominated by species with a wide distribution
(mainly cosmopolitan and circumglobal). However, Atlantic species, many of them
widely distributed in the Northeastern Atlantic, were also well represented.
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Annexe 11.2 List of species reported in the literature from Mauritanian coast but not collected in
the Maurit surveys

Family/Species Reference

Family Pennariidae

Pennaria disticha Goldfuss, 1820 Billard 1931
Family Hydractiniidae

Hydractinia marsupialia (Millard, 1975) Vervoort 2006
Family Eudendriidae

Eudendrium capillare Alder, 1856 Billard 1906 b
Family Tiarannidae

Stegolaria geniculata (Allman, 1888) Vervoort 2006
Family Campanulinidae

Egmundella modesta Millard & Bouillon, 1975 Vervoort 2006
Family Hebellidae

Hebella scandens (Bale, 1888) Billard 1931
Family Aglaopheniidae

Aglaophenia octodonta (Heller, 1868) Ansin Agis et al. 2001
Family Sertulariidae

Diphasia alata (Hincks, 1855) Billard 1931

Dynamena disticha (Bosc, 1802) Medel & Vervoort 1998; Vervoort 2006

Salacia desmoides (Torrey, 1902) Billard 1931

Sertularella ellisii ellisii (Deshayes & Milne Edwards, 1836) Medel & Vervoort 1998

Sertularia distans (Lamouroux, 1816) Billard 1931

Sertularia marginata (Kirchenpauer, 1864) Medel & Vervoort 1998

Symplectoscyphus bathyalis Vervoort, 1972 Medel & Vervoort 1998
Family Campanulariidae

Campanularia volubilis (Linnaeus, 1758) Billard 1931

Clytia hemisphaerica (Linnaeus, 1767) Vervoort 2006

Laomedea flexuosa Alder, 1857 Billard 1906 b

Orthopyxis everta (Clark, 1876) Billard 1906 b
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