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Abstract. North African sponges, particularly Mediterranean-Moroccan sponges, are understudied
relative to Demospongiae in most other regions of the world. In this study, we compiled an inventory of
species found in the north coast of Morocco following surveys conducted from July 2019 to June 2020.
Twenty-seven sponge species were identified belonging to 22 different genera, 20 families and 11 orders.
Dictyoceratida, Poecilosclerida, Clionaida and Haplosclerida orders are well represented in the collection,
with 3 to 6 species each, with the first two groups appearing to have the highest diversity on the
northern-central coast of Morocco. These preliminary results — considering the low number of species
recorded in total - are encouraging and suggest that the marine biodiversity along the Northern
Mediterranean coast of Morocco is high, but not sufficiently known yet.
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Introduction. The Mediterranean Sea is a “land-locked sea” defined as one of the
world's biodiversity hotspots, characterized by rare and restricted distributed marine
species, and where approximately 17000 marine species and 4-18% of the world's
marine biodiversity are present (Bianchi & Morri 2000; Coll et al 2010). Among these
species, marine sponges are sessile, sedentary and filter-feeding invertebrates,
occupying all aquatic environments, in marine and freshwater habitats, polar, tropical
and temperate regions (Sara & Vacelet 1973; van Soest et al 2012). They are considered
essential components for maintaining ecosystem services and integrity of freshwater and
marine benthic communities, due to their widespread diversity, high biomass in many
habitats, and the manifold functional and structural roles that they play (Bell 2008; Heip
et al 2009). According to De Voogd et al (2021), there are more than 9200 accepted
sponge species, and 50-70% would still remain undescribed (Appeltans et al 2012). The
Mediterranean Sea hosts nearly 10% of this diversity. Demosponges are the largest and
most species-rich class within the phylum Porifera, with approximately 90% of all the
species (van Soest et al 2012).

Morocco has an Atlantic and a Mediterranean facade. The latest extends over
almost 500 km and is one of the warmest coasts of Africa, with climatic influences from
the Atlantic Ocean and the Mediterranean Sea (Lionello et al 2006). In previous studies,
local marine biodiversity has been found to be the result of a mixture of species present
in the North-Eastern Atlantic and the Mediterranean (Carballo et al 1997; Boaventura et
al 2002). These special circumstances claim for a better knowledge of the Moroccan
macrobenthos, and in particular of sponges.

Moreover, in the context of environment and health changes in benthic
communities, it is important to have a deeper understanding of local sponge repartition
and a good grasp of their taxonomy. Even though these animals have been intensively
studied throughout most of the Mediterranean Sea (Schénberg 2017), North African
sponges are not well known (Van Soest 1993; Mustapha et al 2003; Hussein & Bensahla
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Talet 2019). Off Morocco, sponges are being investigated for their attractive and chemical
diversity, but little attention is being paid to their distribution or biology (Rifai et al 2005;
El-Amraoui et al 2010; Bary et al 2018). There are few publications on the taxonomy and
ecology of Moroccan sponges (van Soest et al 2013), and a search in the World Porifera
Database (De Voogd et al 2021) did not yield any results for Mediterranean-Moroccan
sponges.

The aim of this work is to provide new information on the sponge fauna from the
coastal waters of the northern-central coast of Morocco. Our data can increase knowledge
on the diversity of the Porifera of the Moroccan coast and allow us to make a preliminary
checklist of these organisms, laying the foundations for future studies.

Material and Method. Five coastal locations were sampled across a distance of 100 km
along the central half of the Mediterranean coast of Morocco, between Cala Bonita, Al-
Hoceima in the west, and Tibouda Beach, Nador, in the Southern Alboran Sea in the east.
All are characterized by rocky substrata (Figure 1). Exact sampling locations with
descriptions are listed in the Table 1.
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Figure 1. Map showing sampling sites along the north-central coast of Morocco: 1 - Cala
Bonita Beach; 2 - Ile Cala Iris; 3 - Badés; 4 - Charrana Beach; 5 - Tibouda Beach.

Table 1
Sampling sites with descriptions

Sites Date Code Coordinates Description

Cala Bonita Beach  July-2019 MAT 35.234936; 3.922664 Rocky wall ending
Ile cala Iris May-2020 ICA 35.148512; 3.365327 Rocky slope

Bades May-2020 BAD 35.170480; 4.295074 Vertical rock wall
Charrana Beach June-2020 CHB 35.398825; 3.300286 Rocky cliff
Tibouda Beach June-2020 TIB 35.423047; 2.953712 Rocky cliff
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Sampling took place between July 2019 and June 2020 by scuba diving and snorkelling
campaigns at a depth of 1-15 m. Sponges were removed from solid surfaces using hand
tools. Underwater photographs of the sampled sponges were also taken with a GoPro
HERO?7 digital camera whenever possible. Specimens were individually collected into a
separate, clean polythene bag prior to immediate transfer to the laboratory.

The diagnostic characteristics including body form, shape, size, color, consistency,
texture, dimensions and arrangement were used for species identification of sponge.
Permanent preparations of skeleton and spicules were made according to the standard
taxonomic methods (Ritzler et al 1978). In summary, small pieces of sponge tissue were
dissolved in 70% nitric acid, rinsed in water and dehydrated in ethanol. Then, spicules
were mounted in Euparal and examined with light microscopy (Nikon Eclipse E400). We
referred to Hooper & van Soest (2002) and the World Porifera Database (WPD, part of
the World Register of Marine Species -WoRMS- www.marinespecies.org/porifera/) to
crosscheck the classification and to confirm taxon allocations and formats.

Results and Discussion. Twenty-seven species of Demospongiae belonging to 11
orders, 22 families and 26 genera were identified and are listed in Table 2 according to
sampling sites, with an average of 8 sponge species per zone and a maximum of 14
species at Ile Cala Iris. At orders level, the Dictyoceratida was the richest in species
number (6 species), followed by Poecilosclerida (4 species), Clionaida and Haplosclerida,
each with 3 species. The orders Agelasida, Axinellida, Bubarida and Dendroceratida are
represented by two species each, while the orders Chondrillida, Chondrosiida, and
Verongiida are each represented by one species only (Figure 2; Table 2). Most of the
northern-central Morocco sponge species belonged to the subclass Heteroscleromorpha
(59.2%), followed by the Keratosa (29.6%) and the Verongimorpha (11.1%). These
results are in good agreement with Sitja & Maldonado (2014). They identified 188
Demospongiae species in the Alboran Sea, westernmost part of the Mediterranean, with
subclass Heteroscleromorpha having the highest humber of species (166 species, 81.2%
of the total).
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Figure 2. Proportional diversity for each order of Demospongiae sampled from the north-
central Mediterranean coast of Morocco. The shaded area in the graph denote subclass: =
Heteroscleromorpha; » Keratosa; m Verongimorpha.
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Table 2

Checklist of Demospongiae recorded from the five surveyed sites along the northern-
central coast of Morocco; species are listed alphabetically according to subclass, order,
family, and name

N Species Cala Bonita Cala Iris Badeés Charrana Tibouda
1 Agelas oroides (Schmidt, 1864) + - - + +
5 Prosuberites longispinus Topsent,
1893 B B - +
3 Axinella polypoides Schmidt, 1862 + - - - -
4  Axinella damicornis (Esper, 1794) + - - +
5 Acanthella acuta Schmidt, 1862 + + - - -
6 Dictyonella incisa (Schmidt, 1880) - + - - -
7 Cliona celata Grant, 1826 - - + - -
8 Cliona viridis (Schmidt, 1862) + - + + -
Spirastrella cunctatrix (Schmidt, _ _
9 1868) + + +
Haliclona (Reniera) cratera _ _ _
10 (Schmidt, 1862) + +
Haliclona (Reniera) mediterranea B _
1 (Griessinger, 1971) + + +
1o Petrosia (Pet“rosll(;)7 g)aformls (Poiret, _ " " _
13 Crambe crambe (Schmidt, 1862) - + + + -
14 Myxilla (Myxilla) rosdcea B B B a +
(Lieberkihn, 1859)
15 Phorbas fictitius (Bowerbank, 1866) - - + + -
16  Phorbas tenacior (Topsent, 1925) - + - -
17 Aplysilla sulfurea Schulze, 1878 - - - - +
18 Spongionella pulchella (Sowerby, _ _ _ _ +
1804)
19  Dysidea fragilis (Montagu, 1814) - - - + +
20 Ircinia dendroides (Schmidt, 1862) - + + - -
21 Ircinia variabilis (Schmidt, 1862) + + + -
Sarcotragus spinosulus (Schmidt, _ _ _
22 1862) + +
23 Cacospongia mollior (Schmidt, + _ _ _
1862)
Spongia (Spongia) officinalis _ _ _
24 (Linnaeus, 1759) * *
25 Chondrilla nucula (Schmidt, 1862) - - - -
Chondrosia reniformis (Nardo, B _
26 1847) + +
27 Aplysina aerophoba (Nardo, 1833) - + - - -
Total 11 14 11 10 8

In terms of distribution, ile Cala Iris exhibited high species richness with a record of 14
sponge species, followed by an equal number of species at Cala Bonita beach and Badés
(11 species). 10 species of sponges were encountered at Charrana beach, whereas eight
were recorded at Tibouda beach. Amongst the twenty-seven species inventoried during
this study, the discontinuous distribution of the sponge population was observed. Only
four species (Petrosia (Petrosia) ficiformis, Crambe crambe), Ircinia variabilis, and
Chondrosia reniformis, found in at least three different locations, were the most common
(Table 3; Figure 3). All species recorded in this study are common in the Mediterranean
Sea (De Voogd et al 2021). Nonetheless, depth-wise exploration in these regions should
provide more information about their abundance, diversity and distribution.
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Class Subclass

Species

Demospongiae Heteroscleromorpha

Keratosa

Verongimorpha

Order Family
Agelasida Agelasidae
Hymerhabdiidae
Axinellida Axinellidae
Bubarida Dictyonellidae
Clionaida Clionaidae

Spirastrellidae

Haplosclerida Chalinidae
Petrosiidae

Poecilosclerida Crambeidae
Myxillidae

Hymedesmiidae
Dendroceratida Darwinellidae
Dictyodendrillidae

Dysideidae
Irciniidae

Dictyoceratida

Thorectidae

Spongiidae
Chondrillida Chondrillidae
Chondrosiida Chondrosiidae
Verongiida Aplysinidae

Agelas oroides
Prosuberites longispinus
Axinella polypoides
Axinella damicornis
Acanthella acuta
Dictyonella incisa
Cliona celata
Cliona viridis
Spirastrella cunctatrix
Haliclona (Reniera) cratera
Haliclona (Reniera) mediterranea
Petrosia (Petrosia) ficiformis
Crambe crambe
Myxilla (Myxilla) rosdcea
Phorbas fictitius
Phorbas tenacior
Aplysilla sulfurea
Spongionella pulchella
Dysidea fragilis
Ircinia dendroides
Ircinia variabilis
Sarcotragus spinosulus
Cacospongia mollior
Spongia (Spongia) officinalis
Chonderilla nucula
Chondrosia reniformis
Aplysina aerophoba

Figure 3. In situ photographs of common sponge species found in the north-central coast
of Morocco: A) Petrosia (Petrosia) ficiformis; B) Crambe crambe; C) Ircinia variabilis; D)
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Table 3
Summary of the taxonomic analysis of the sponges recorded during the study



There are few studies about the shallow water sponge fauna of the Moroccan
Mediterranean Sea, most published papers focusing on their attractive and chemical
diversity, with somewhat little focus on their distribution or diversity. To the best of our
knowledge, no historical data are available for the area surveyed in this work to allow us
to compare the distribution and diversity of the Moroccan Mediterranean sponges. One
similar study addressing sponge biodiversity was conducted in the western part of
Morocco. Indeed, the number of species reported in our previous work was slightly lower
than that reported in the present study, with only 11 species in common (Krikech et al
2020). Nevertheless, earlier studies carried out on nearby coastlines reported 40 species
in Chafarinas Islands (Tocino et al 2009), 23 in Oran Bay, (Northwestern Algeria)
(Hussein & Bensahla Talet 2019) and 16 in Tunisian coasts (Bouamama et al 2009).

Additionally, several studies have been conducted north of the Alboran Sea
(Boury-Esnault et al 1994; Rosell & Uriz 2002; Sitja & Maldonado 2014), but
unfortunately, they are also not comparable with ours, being focused on deep water
sponge fauna. In any case, our results revealed that there was considerable similarity,
particularly in term of species/class recorded in these previous studies.

Petrosia (Petrosia) ficiformis appears to be ubiquitous in the northern-central
coast of Morocco. This is consistent with reports by Bavestrello et al (1994), who
investigated the same area as part of a larger study. Illuminati et al (2016) used P.
ficiformis as a bioindicator that has a high capacity to accumulate contaminants.
Therefore, this sponge can be used for environmental monitoring in the future. In
Morocco, coastal effects of metal mining and oil and gas industries may be assessed by
using this and other sponges.

It is worth mentioning that the presence of Spongia (Spongia) officinalis could be
an important sign of new recruitment of this traditionally exploited and much sought-
after bath sponge.

Most species in the taxon Porifera are still waiting to be discovered and/or
described, and the rate of discovery is increasing rapidly (Appeltans et al 2012). The lack
of knowledge on marine sponge diversity puts at risk the possibility to adequately
manage and conserve biodiversity, also in view of the recognized roles sponges play as
an optimal habitat for several associated taxa (Cerrano et al 2006; Wulff 2012) providing
shelter and food during critical phases of the life cycle of many species. A basic
knowledge should be the first step for maintaining biodiversity and preventing its decline
or modification. In this context, the sponges reported in the present investigation
collected from shallow-water sites on the north-central Mediterranean coast of Morocco
represent a significant contribution of our knowledge of this poorly studied fauna.
Furthermore, in view of the ecological and pharmacological importance of sponges, we
suggest that the investigated sites should be carefully managed and protected by
appropriate legislation and regulations.

Conclusions. In this contribution, we presented an overview of the sponge species
diversity and distribution from the north-central Mediterranean coast of Morocco. It is
envisaged that the information gathered in this study will certainly improve our
understanding of the taxonomy and zoogeography of these intriguing fauna. Nonetheless,
the number of species reported in this study represents only a small proportion of the
total sponge fauna of the northern coast of Morocco and certainly the diversity of these
benthic organisms throughout this area is more diversified than what is currently
presented. Similar studies, with a much higher number of sites and more detailed
sampling methods, will be necessary to implement the knowledge of the Porifera of the
Moroccan coasts.
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