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Summary: Molluscs from the Gazul mud volcano and its adjacent areas in the northern Gulf of CÆdiz were studied using differ-
ent sampling methods. This mud volcano has vulnerable deep-sea habitats and a potential high biodiversity. A total of 232 species 
were identified from the taxocoenosis and thanatocoenosis, of which 86 are new records for the Spanish margin of the Gulf of 
CÆdiz, three of them are new records for Spanish waters and two species are new to science. The high species richness observed 
could be related to the combination of different sampling methods, the study of the thanatocoenosis, the high habitat heterogeneity 
and the geographical location of the Gazul mud volcano between different biogeographical regions. The best-represented species 
were Bathyarca philippiana, Asperarca nodulosa, Leptochiton sp., Astarte sulcata and Limopsis angusta. The thanatocoenosis 
harboured, with low frequency, species that are typical of northern latitudes, species indicating past seepage, species from the shelf 
and species restricted to particular hosts. The taxocoenosis found in different areas of Gazul (the mud volcano edifice, erosive de-
pression and adjacent bottoms) generally displayed significant differences in multivariate analyses. Furthermore, the environmental 
parameters related to environmental complexity and food availability displayed the highest linkage with the molluscan fauna.
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Moluscos de hábitats bentónicos del volcán de fango Gazul (Golfo de Cádiz)

Resumen: Se estudiaron los moluscos del volcÆn de fango Gazul y sus zonas adyacentes, en el norte del Golfo de CÆdiz, utili-
zando diferentes mØtodos de muestreo. Este volcÆn de fango destaca por la presencia de hÆbitats vulnerables de aguas profundas 
y una alta biodiversidad potencial. Se identificaron un total de 232 especies de la taxocenosis y la tanatocenosis, de las cuales 86 
son nuevas citas para el margen espaæol del Golfo de CÆdiz, tres de ellas son nuevas citas para aguas espaæolas y dos especies 
son nuevas para la ciencia. La alta riqueza de especies detectada podría estar relacionada con la combinación de diferentes mØ-
todos de muestreo, el estudio de la tanatocenosis, la alta heterogeneidad del hÆbitat y la ubicación geogrÆfica del volcÆn de fango 
Gazul entre diferentes regiones biogeogrÆficas. Las especies mejor representadas fueron Bathyarca philippiana, Asperarca 
nodulosa, Leptochiton sp., Astarte sulcata y Limopsis angusta. La tanatocenosis contenía, con baja frecuencia, especies típicas 
de latitudes superiores, especies indicadoras de emisiones pasadas, especies de la plataforma y especies restringidas a huØspedes 
particulares. La taxocenosis encontrada en las diferentes zonas de Gazul (edificio del volcÆn de fango, depresión erosiva y fon-
dos adyacentes) generalmente mostró diferencias significativas en los anÆlisis multivariantes. AdemÆs, los parÆmetros ambien-
tales mÆs vinculados con la malacofauna fueron los relacionados con la complejidad ambiental y la disponibilidad de alimento.

Palabras clave: moluscos; Gazul; volcÆn de fango; Golfo de CÆdiz; biodiversidad; emisiones frías; hÆbitats vulnerables; 
aguas profundas.
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INTRODUCTION

Mud volcanoes (MVs) are submarine structures 
formed by the vertical migration of sediments and 
fluids saturated in hydrocarbons, mainly methane, 
which are extruded by high pressure and low tempera-
ture emissions (Kopf 2002, Díaz-del-Río et al. 2006, 
Mazzini and Etiope 2017). This fluid migration usually 
takes place through discontinuities of the sub-seafloor, 
promoting a mobilization of sediments that leads to the 
formation of a sedimentary cone up to a few hundred 
metres above the emission focal point (Milkov 2000, 
Gardner 2001, Levin 2005). This context promotes 
the anaerobic oxidation of methane by the bacterial 
activity, with the formation of methane-derived authi-
genic carbonates (MDACs) such as chimneys, crusts 
and slabs underneath the sediment (Díaz-del-Río et al. 
2003, Magalhªes et al. 2012). The action of bottom 
currents can exhume these MDACs, eventually turning 
soft-bottom areas into consolidated hard bottoms that 
can be colonized by vulnerable habitat-building fauna 
such as scleractinians, gorgonians and sponges, which 
may be of importance as shelter, nursery and feeding 
grounds for other fauna, including commercial and/
or threatened species (Cordes et al. 2010, Rueda et al. 
2012a, Cunha et al. 2013). Cold seep areas are consid-
ered hotspots of biological and biodiversity singularity 
(Danovaro et al. 2010, Mastrototaro et al. 2010, Cunha 
et al. 2013) and �Submarine structures caused by leak-
ing gases, habitat 1180� are one of the very few marine 
habitats listed in Annex 1 (habitats for which a site of 
community importance may be declared) of the EU 
Habitat Directive (1992/43/EEC). Nevertheless, the in-
formation regarding the associated faunal communities 
is very limited in some deep-sea areas with seepage ac-
tivity, such as that of the northern Gulf of CÆdiz (GoC) 
(Rueda et al. 2012b, Delgado et al. 2013, Rueda et al. 
2016) in comparison with the current knowledge re-
garding those in the southern GoC (Oliver et al. 2011, 
Cunha et al. 2013, GØnio et al. 2013).

The GoC is an important area of seepage activity 
at a global scale, with the presence of more than 70 
MVs and MV/diapir complexes located in different 
fields of the Spanish, Portuguese and Moroccan con-
tinental margins (Díaz-del-Río et al. 2003, León et 
al. 2007, 2012, Palomino et al. 2016). MVs from the 
Spanish margin are found on the upper-middle conti-
nental slope of the GoC, around 300 to 1200 m depth. 
This area is characterized by the exchange of water 
masses through the Strait of Gibraltar, with the Surfi-
cial Atlantic Water flowing along the surface into the 
Mediterranean Sea, and the deeper Mediterranean 
Outflow Water (MOW) flowing out to the Atlantic 
Ocean. This exchange of water masses, among other 
factors, promotes a high biological productivity and a 
particular biodiversity in the GoC, including a wide 
range of species of interest to fisheries (FernÆndez-
Salas et al. 2012, Díaz-del-Río et al. 2014). This en-
vironmental context is enriched by a wide variety of 
seafloor morphostructures and the continuous dynam-
ics of the area promoted by the MOW, the sediment 
mobilization and the expulsion of fluids (FernÆndez-

Salas et al. 2012, Díaz-del-Río et al. 2014, Palomino 
et al. 2016).

Some of the species and habitats existing in the 
northern GoC are included in national and international 
conservation lists (e.g. Habitat Directive, EUNIS, 
OSPAR), such as vulnerable deep-sea habitats with 
high ecological value (e.g. cold-water coral banks and 
black coral gardens), while others are unique within the 
European context (e.g. chemosynthesis-based commu-
nities) (Rueda et al. 2016). Furthermore, species from 
different biogeographical regions converge in the GoC, 
which is an important area for trophic and reproductive 
migrations of some species (Díaz-del-Río et al. 2014). 
Unfortunately, there is intensive bottom-trawling in 
the GoC because of the existence of important fishing 
grounds with high-value commercial species including 
the Norway lobster Nephrops norvegicus (Linnaeus, 
1758), the deep-water rose shrimp Parapenaeus lon-
girostris (Lucas, 1846) and the European hake Merluc-
cius merluccius (Linnaeus, 1758), among others (JimØ-
nez et al. 2004, Vila et al. 2004, GonzÆlez-García et 
al. 2012, 2020). Trawling represents a serious threat to 
the fragile and vulnerable marine ecosystems existing 
in the GoC, as has been observed in other areas world-
wide (Fonteyne 2000, Gislason and Sinclair 2000, 
Koslow et al. 2000). Therefore, it is of importance to 
increase the knowledge regarding benthic habitats and 
associated faunal communities in order to improve the 
management and conservation strategies of the areas 
most sensitive to the impacts of these fisheries.

Molluscs are one of the most diverse faunal 
groups in marine environments, representing impor-
tant components of the benthic communities due to 
their different feeding strategies (e.g. filter feeders, 
deposit feeders, carnivores and parasites) and their 
contribution as an important food source for higher 
trophic levels (Pollard 1984, Edgar and Shaw 1995, 
Pasquaud et al. 2010). Molluscs are also an important 
marine resource because they reach high abundance 
and biomass values in the fisheries and aquaculture 
sector (Gaspar et al. 2012, FAO 2018) and are con-
sidered a good indicator for biodiversity assessments 
of a particular area (Bedulli et al. 2002, Gladstone 
2002, Appeltans et al. 2012). The malacofauna of the 
GoC has mainly been studied in infralittoral and cir-
calittoral habitats (Salas 1996, Rueda et al. 2001), and 
other studies have focused on ecological aspects of 
chemosymbiotic species inhabiting MVs (Oliver et al. 
2011, Rueda et al. 2012b), whereas few studies have 
analysed molluscan assemblages inhabiting deep-sea 
habitats in detail (Salas 1996, GØnio et al. 2013). One 
of the most interesting MVs of the GoC is the Gazul 
MV, which has several vulnerable deep-sea habitats 
and a high potential biodiversity (Palomino et al. 
2016, Rueda et al. 2016). The present study analyses 
the malacofauna associated with different areas and 
habitats of the Gazul MV. The aims of the study were 
i) to identify and characterize molluscan assemblages 
existing in the Gazul MV and adjacent areas; and ii) 
to analyse potential relationships between identified 
molluscan assemblages and environmental and an-
thropogenic impacts on the area.












































