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Abstract Most of the current knowledge on Mediterra-
nean gorgonians is restricted to investigations of those
populations found within shallow sublittoral waters, and
only limited data are available for populations located
below scuba depth. To overcome this lack of information,
the occurrence and abundance of the gorgonians Euni-
cella singularis, Paramuricea clavata, and Leptogorgia
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sarmentosa were investigated in northwestern Mediterra-
nean benthic communities over a wide geographical
(60 km of coastline) and bathymetrical (0-70 m deep)
extent using a remotely operated vehicle (ROV). The
greatest occurrence and abundances of E. singularis and
P. clavata were concentrated in areas that are directly
exposed to strong near-bottom currents. E. singularis was
the most common and abundant species and displayed
great plasticity and amplitude in its environmental prefer-
ences. Conversely, P. clavata showed a very patchy dis-
tribution that was associated with vertical rocky walls.
Only isolated colonies of L. sarmentosa were observed in
the study area. Hot spots of abundance of E. singularis and
P. clavata were identified below a depth of 40 m, which
demonstrates the importance of studying the distribution of
benthic species over a wide geographical and bathymetrical
extent.

Introduction

Characterizing and explaining the spatial variation of the
abundance of species is a central question in ecology (Ives
and Klopfer 1997; Currie 2007), and an understanding of
the distribution patterns of species in space and time is of
significant importance in the establishment of management
and conservation plans (Ives and Klopfer 1997; Fortin and
Dale 2005). Although variation in environmental factors is
often considered the most significant factor in determining
abundance patterns within a species (Whittaker 1975;
Brown et al. 1995), spatial patterns can also arise in the
absence of environmental variations (Ives and Klopfer
1997; Currie 2007) due to biological interactions among
organisms (Borcard et al. 1992; Frelich et al. 1993) and
historical factors such as low-frequency disturbances.
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In sessile marine invertebrates, the spatial distribution is
determined by the combined effects of biological (Glynn
1976; Neudecker 1979; Sheppard 1979) and environmental
factors (Glynn 1976; Adjeroud 1997) that can affect
the birth, growth, and death rates of individuals in single-
species populations (Hutchinson 1953). Recruitment deter-
mines the spatio-temporal distribution patterns of new
individuals (Chiappone and Sullivan 1996; Edmunds 2000;
Baird et al. 2003) and is influenced by the characteristics of
the reproductive cycle of the species, the dispersal abilities
of the larvae, the features of the substrate, hydrodynamic
patterns, and stochasticity. Recruitment is patchy in time
and space across a variety of scales (Dunstan and Johnson
1998; Edmunds 2000). Environmental factors, the food
supply, biological interactions (intra and inter-specific),
and perturbations determine the survival of new individuals
and affect biological processes such as growth and repro-
duction. The interaction between the recruitment and sur-
vival of individuals determines the spatial patterns of the
distribution of sessile organisms (Gaines and Roughgarden
1985; Dunstan and Johnson 1998). It has been pointed out
that in sessile marine organisms, this interaction frequently
results in patchy distribution patterns (Sebens 1991) and
spatially structured populations (Karlson 2006). Such pat-
terns will have a fundamental influence both on future
processes within each species (feeding, growth, reproduc-
tion, intra-specific competition) and on their interactions
with other species (predation, inter-specific competition)
(Dale 1999) because the spatial structure determines eco-
logical processes in the short term, and ecological pro-
cesses modify the spatial structure in the long term (Illian
et al. 2008).

Among the benthic sessile invertebrates of Mediterranean
sublittoral communities, gorgonian corals play an important
role as ecosystem engineers (Jones et al. 1994) by providing
biomass, structural complexity, and biodiversity in benthic
communities (True 1970; Gili and Ros 1985; Gili et al.
1989; Ballesteros 2006). Three species of gorgonians are
most abundant in the Western Mediterranean Sea: Eunicella
singularis (Esper 1794), Paramuricea clavata (Risso 1826),
and Leptogorgia sarmentosa (Linnaeus 1758) (Carpine and
Grasshoff 1975; Weinberg 1976). In contrast, Eunicella
cavolinii (Koch, 1887) has been found to be very common
only in the eastern part of the Western Mediterranean Sea,
whereas it is absent or very rare along the coasts located west
of Marseille (Weinberg 1976).

Our understanding of the ecology of these species has
improved during the last two decades (e.g., Mistri and
Ceccherelli 1993; Coma et al. 1995; Linares et al. 2007;
Ribes et al. 2007), and previous studies have indicated
likely environmental parameters that influence the eco-
logical range of each species (Weinberg 1978a, 1979,
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1980). Thus far, the majority of studies have been con-
ducted on shallow water populations of gorgonians (depths
of less than 40 m), whereas limited information is available
for rocky coast assemblages that are present in deeper
waters (Virgilio et al. 2006; Rossi et al. 2008). Although
gorgonians are known to be present in Western Mediter-
ranean deep sublittoral zone (Rossi 1959; Carpine and
Grasshoff 1975; Weinberg 1976), coastal rocky habitats
below depths of 40 m are poorly understood because
they lie below scuba depth, and most submersible-based
research is conducted at depths below 150 m (Sink et al.
2006, Virgilio et al. 2006). Thus, there is a paucity of
information on the habitats in the 50-150 m deep range
(Sink et al. 20006).

In recent years, the development of remotely operated
vehicles (ROVs) has allowed quantitative sampling and
detailed observations in areas that could not be sampled
using traditional methods (scuba, trawl) due to the depth
or the roughness of the terrain (Mortensen and Buhl-
Mortensen 2004; Rossi et al. 2008). In addition, video
surveys have the advantage of sampling large areas with-
out affecting benthic communities (Bianchi et al. 2004;
Mortensen and Buhl-Mortensen 2004). Such a large spatial
extent is a central requirement for the correct estimation of
general patterns of species distributions, because observa-
tions conducted over smaller extents may not reflect the
patterns and processes occurring over larger scales (Gotelli
and Ellison 2004). The slow population dynamics of gor-
gonians make them susceptible to many direct and indirect
anthropogenic effects, such as ship anchoring and fishing
activities (Harmelin and Marinopoulos 1994; Bavestrello
et al. 1997), diving (Linares et al. 2008c), and mass mor-
talities (Cerrano et al. 2000; Perez et al. 2000; Linares et al.
2005; Garrabou et al. 2009). Therefore, a detailed and
wide-ranging knowledge of the abundance distributions of
each species is fundamental to assess ongoing human
effects and to propose scientifically valid conservation and
management measures (Fraschetti et al. 2002; Benedetti-
Cecchi et al. 2003). To date, knowledge is lacking
regarding the abundance of gorgonians in the Mediterra-
nean benthic community below depths of 40 m, the general
patterns of the distribution of each species over its entire
bathymetrical range, and the depth ranges in which the
main densities of each species are concentrated. To
approach these questions, the aims of the present study
were (1) to quantify the occurrence and abundance of the
main gorgonian species in northwestern Mediterranean
benthic communities over a large geographic (60 km of
coastline) and bathymetrical (0-70 m deep) extent, (2) to
assess the spatial distribution patterns of their abundance,
and (3) to discuss the main environmental determinants of
such distributions.
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Materials and methods
Study area

The study area is located in the northwestern region of the
Western Mediterranean Sea, south of the Gulf of Lions,
and it comprises the Cape of Creus (42°19'12" N;
03°19'34” E) and the coast up to the boundary with France
(Fig. 1). More than 60 km of coast were sampled by means
of 76 video transects perpendicular to the coastline. The
study area was sub-divided into seven sub-areas (A to G).
The general circulation pattern in the area is dominated
by the Northern current, which flows southwestward and
thus creates an overall east-to-west circulation (Millot
1990; DeGeest et al. 2008). The wind regime in the
study area is characterized by frequent and strong northern
winds (Mistral and Tramuntana 28% and 41% of the time,
respectively) and rare southeasterly and easterly marine
winds (<6% of the time) (Ulses et al. 2008). Both Mistral
and Tramuntana wind regimes transport coastal water and
suspended sediment toward the southwest (DeGeest et al.
2008; Ulses et al. 2008). Consequently, the southern coast
(sub-area A) is the most sheltered section of the surveyed
coast. The eastern coast of the cape (sub-areas B, C, and D)
is not influenced by direct near-bottom currents and is only
affected by the infrequent winds from the east (Ulses et al.
2008; DeGeest et al. 2008). The north face of the cape
(sub-areas E and F) is directly exposed to the main winds
and wave action in the study area (Ulses et al. 2008), as
well as to a strong near-bottom current that accelerates
around the cape (DeGeest et al. 2008). Finally, the northern
coast (sub-area G) is not influenced by direct near-bottom
currents, and the deposition of sediments predominates in
this section of the surveyed coast (DeGeest et al. 2008).

Sampling procedure

Fieldwork was conducted over a total of 21 days in
October and November 2004. Transects were video
recorded with the ROV Phanthom XTL equipped with a
SONY FCB S3000P 3CCD (700 horizontal lines) camera, a
depth sensor, a compass, and two parallel laser beams that
provide a scale to define a fixed width of the transects
(0.5 m) for subsequent video analysis. Videos were
recorded on video tapes in DV format. In each sampled
location, seabed video recording was started at the deepest
point of the transect and proceeded toward the shallows
until the ROV surfaced close to shore (except in the case of
a few transects that were terminated before reaching the sea
surface). The ROV speed was constant (approximately 0.4
knots) during all transects. The initial depth of each tran-
sect varied between 12 and 71 m depending on the geo-
graphical characteristics of each location. The maximum
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Fig. 1 Map of the study area showing the study sites and the seven
sub-areas (a—g)

depth assessed in this study was selected to cover almost all
of the sublittoral zone in the study area, from the littoral to
the start of the continental shelf. The transect length ranged
from 92.6 m to 907.1 m, and a total distance of 28.3 km
along the seabed was recorded.

Video analysis

Videos were transferred from tapes to a hard disk, and
video analysis was performed with Final Cut software
(Apple). Pauses in the movement of the ROV were elimi-
nated from each video to correctly estimate the total length
of each transect, assuming a constant speed. In the initial
stage of the video analysis, sequences for which the video
record was not useful were identified (i.e., regions of poor
visibility, or periods during which the ROV was at a high
altitude from the seabed). The remaining useful sequences
comprised 86.1% of the total recorded material and cor-
responded to a total distance of 24.5 km and an area of
approximately 12.2 km?. Starting from the beginning of
each transect, sampling units of 2 m? (0.5 m width and 4 m
long) were defined every 10 m along each transect. Sam-
pling units that correlated with an unusable section of the
video record were discarded from the analysis. The sam-
pling unit area was chosen to be comparable with previous
studies that estimated a minimum sample size of 1.75 m?
for Eunicella singularis and 1.5 m* for Paramuricea
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clavata (Coma et al. 2006; Linares et al. 2008a) and a
representative area of 2.0 m” for invertebrates in the rocky
substrata of the Mediterranean (Weinberg 1978b).

A total of 2326 useful sampling units were obtained
from the 76 transects. In each of these units, the gorgonian
abundance was assessed by counting the number of colo-
nies of FEunicella singularis, Paramuricea clavata, and
Leptogorgia sarmentosa. Each sampling unit was also
characterized according to environmental variables (per-
centage of the abundance of each seabed substrate type,
seabed slope class, and the average depth) and spatial
variables (geographical coordinates, transect and sub-area
to which the sampling unit belongs, distance along the
coast from the southern first transect, and distance from the
coastline). The seabed substrate types were classified into
the following categories: soft bottoms (mud, sand and
detritic), maerl (species of coralline algae growing loosely
in beds of fragmented nodules), pebbles, rock, coralline
rock, and Posidonia oceanica cover. Each video frame was
assigned to only one seabed substrate type, and in video
frames with the simultaneous presence of more than one
substrate type, only the most abundant substrate type was
recorded. Similarly, according to previous studies investi-
gating Mediterranean assemblages (Weinberg 1979, Virgilio
et al. 2006), the seabed slope in each video frame was
classified as flat (0°-30°), sloping (30°-80°), or vertical
(80°-90°). The slope was estimated by looking at the dis-
tance between the two parallel laser beams on the video
screen and the depth sensor data.

Data treatment

The presence of gorgonians was quantified both by occu-
pancy (frequency of occurrence in the set of sampling
units) and by abundance (number of colonies per sampling
unit). The spatial distribution of each species was studied
by mapping the densities observed in each sampling unit
in relation to its position on a geographically referenced
map using Quantum GIS 0.11 software (Quantum GIS
Development Team 2009). The position of each sampling
unit was estimated from the recorded geographical coor-
dinates of the initial and final points of each transect. Using
Passage 2 software (Rosenberg 2008), the Gi* statistic was
used to identify the locations of highest abundance (hot
spots) (Getis and Ord 1996). This statistic provides a
measure of the density variation within a fixed distance
(1,000 m) from each sampling unit in relation to the den-
sity magnitude within the entire study area. The bathy-
metrical distribution of each species was studied in each
sub-area, taking into account the average depth of each
sampling unit and estimating the median density at depth
intervals of 5 m. The spatial and bathymetrical distribution
of young (colonies <5 cm height) and adult colonies of
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Eunicella singularis were plotted separately due to the
large number of young colonies found for this species.
Young colonies were considered as the smallest colonies
that could be distinguished by the video analysis (2-5 cm
in height); they are non-reproductive colonies (Ribes et al.
2007) that have no ramifications and are <10% of the
maximum height of the species (Weinberg 1976; Linares
et al. 2008a).

The relationships among gorgonian abundance and
environmental and spatial variables were analyzed by
redundancy analysis (RDA) (ter Braak 1994) using the
ordination software Canoco 4.5 (ter Braak and Smilauer
2002). RDA assumes a linear model for the relationship
between the response of each species and the ordination
axes. The eigenvalue of an ordination axis in RDA is the
proportion of the total variance explained by that axis and
indicates its relative importance. Gorgonian densities, as
quantitative data, were included as response variables;
substrate type, seabed slope, and depth were included as
environmental variables; geographical coordinates, tran-
sects, sub-areas, distance along the coast, and distance from
the coastline were included as spatial variables. Forward
selection of environmental and spatial variables was used
to ascertain the minimum set of variables that best
explained the species density. The statistical significance of
the environmental and spatial variables in the RDA was
determined using a Monte Carlo permutation test with 999
permutations. All of the multivariate analyses were per-
formed using log-transformed data, and the species were
centered and standardized. Because spatial structure is a
source of spurious correlations due to the spatial autocor-
relation between variables (Legendre and Legendre 1998;
Currie 2007), we partialled out the spatial component of
the species matrix variation using partial redundancy
analysis (Borcard et al. 1992; Peres-Neto et al. 2006).
According to this method, four fractions of variance can be
identified: (a) variance explained by the environmental
variables independently of any spatial structure, (b) the
spatial structure of the species data that is shared by
environmental variables, (c) the spatial pattern of the spe-
cies data that is not shared by environmental variables, and
(d) the unexplained variance (Borcard et al. 1992; Peres-
Neto et al. 2006). The amount of each fraction was cal-
culated using the R-language function Varpart, which is
available in the Vegan library (Oksanen et al. 2005) of the
R software platform (R Development Core Team 2007). A
species matrix was created by considering only the sam-
pling units in which gorgonian species were present. For
this matrix, two RDAs were generated that were respec-
tively constrained by the sets of environmental and spatial
variables to ascertain the minimum set of environmental
and spatial variables that best explained the species density
data. Subsequently, a partial RDA was generated for the
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species matrix, constrained by the previously selected envi-
ronmental variables while controlling for the effects of the
previously selected spatial variables. The results of the
partial RDA were interpreted to identify the environmental
factors that better explain the variation in the presence and
abundance of the species after controlling for the effects of
the spatial structure.

Results
Occupancy and abundance

Gorgonians were recorded in 20.9% of the total number of
2326 sampling units, and a total of 5100 colonies were
observed along all of the transects. Eunicella singularis
was the most frequent and abundant species, representing
86.1% of the total gorgonian colonies observed and
occurring in 18.7% of the sampling units. Young colonies
of E. singularis accounted for 18.3% of the colonies of this
species and were observed in 8.2% of the sampling units.
Paramuricea clavata was the second most frequent and
abundant species, and it accounted for 12.6% of the
observed colonies and was present in 3.4% of the total
sampling units. Leptogorgia sarmentosa represented 1.3%
of the total observed colonies and occurred in 2.2% of the
total sampling units. E. singularis showed the highest
maximum density (37.0 colonies m_z), which was twice
the maximum density determined for P. clavata (18.5
colonies mfz). L. sarmentosa showed lower and more
constant density values (0.5-1.5 colonies mfz) (Table 1).

Spatial and bathymetrical distribution

The north coast of the Cape of Creus showed the highest
presence of gorgonians species with the highest densities
(Fig. 2; Table 1). Eunicella singularis was the only species
that was present throughout the entire study area. This
species showed the highest frequency of occurrence and
the highest densities on the north side of the cape, and in a
few locations on the south coast of the cape. Across all of
the other sub-areas, even though E. singularis was present
at lower densities, it remained the most abundant of the
studied species (Fig. 2a, b; Table 1). Adult colonies of
E. singularis appeared to be widely distributed (Fig. 2a,
Online Resource 1), whereas young colonies were more
concentrated in areas with high densities of adult colonies
(Fig. 2b, Online Resource 2). The distribution of Para-
muricea clavata was also concentrated on the north coast,
where it displayed the highest densities, whereas this spe-
cies was present in only a few locations along the south and
east coasts (Fig. 2c, Online Resource 3, Table 1). The
distribution of this species appeared to be restricted,

because it was present only in some contiguous locations.
In contrast, Leptogorgia sarmentosa was the only species
that was more common on the east side of the cape, where
it showed the highest frequency of occurrence and abun-
dance, although it was widely present along the entire coast
as isolated colonies (Fig. 2d, Online Resource 4, Table 1).

The bathymetrical distribution of Eunicella singularis
ranged from depths of 6 to 67 m (Figs. 3, 4). E. singularis
was frequent on the north face of the cape (sub-areas E and
F) and showed high densities within all depth ranges,
achieving a maximum depth of 67 m. In the northern part
of the study area (sub-area G), this species was frequent at
all depths, showing small median density values but very
high maximum values. In the other sub-areas (A to D),
E. singularis was frequent at depths between 15 and 25 m,
but on the east coast of the cape (sub-areas C and D) the
species displayed high median and maximum density val-
ues below a depth of 40 m (Fig. 3). The occurrence of
young colonies of E. singularis was very variable among
the sub-areas, but in sub-areas E, F, and G they were more
frequent and presented a distribution in the same depth
range in which the adult colonies presented high-density
values (Fig. 4). The bathymetrical distribution of Para-
muricea clavata ranged from a depth of 15 to 62 m but was
mainly restricted to depths from 20 to 50 m, where the
species showed the highest density and frequency of
occurrence in sub-areas D, E and F (Fig. 5). In sub-area F,
the deepest depth of this species was observed, with
medium densities and frequencies of occurrence. Lepto-
gorgia sarmentosa was documented at depths from 11 to
61 m, and it consistently showed low densities and fre-
quencies of occurrence. In sub-areas C and D, this species
was slightly more frequent, and the highest density values
were observed; only a few isolated colonies were found in
the other sub-areas (Fig. 6).

Hot spots (identified as the sampling units that displayed
the highest 10% of the Gi* values) of Eunicella singularis
and Paramuricea clavata were concentrated on the north
side of the cape (Fig. 2), which represented the area with
the highest values of abundance within the entire study
area. The bathymetrical distribution of the hot spots
showed that the highest abundances of E. singularis were
concentrated between depths of 32.5 and 47 m (first and
third quartile) with a median at a depth of 39 m for adult
colonies and between 31 and 55.7 m (first and third quar-
tile) with a median at 40.2 m for young colonies. For
P. clavata, the bathymetrical distribution of the hot spots
ranged between depths of 26.1 and 40.1 m (first and third
quartile) with a median at 33 m. In contrast, hot spots of
Leptogorgia sarmentosa were identified on the east side of
the cape (Fig. 2) and in shallower waters between a depth
of 16 and 31.5 m (first and third quartile) with a median at
25 m.
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Fig. 2 Spatial distribution of

Eunicella singularis adult

(a) and young (b) colonies,
Paramuricea clavata (c), and
Leptogorgia sarmentosa (d) in
the study area. Squares are used
instead of bubbles in (d) to
highlight the lower magnitude
of the density values. Black
stars indicate hot spots of
species abundance, which were
identified as the sampling units
that displayed the highest 10%
of the Gi* values. The spatial
distribution of each species can
be displayed on Google Earth
by means of Online Resources 1
to 4
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Relationship with environmental variables

The variation of the species matrix resulted partitioned as
follows: (a) non-spatial environmental variation, 10.0%;
(b) spatially structured environmental variation, 11.1%;
(c) spatial species variation that is not shared by environ-
mental variables, 19.2%; and (d) unexplained variation and
stochastic fluctuations, 59.7%. Environmental variables
explained 21.1% of the variance in the species matrix,
but 50.7% of this amount could also be predicted by the
spatial structure, which showed that the species and
environmental data had a fairly similar spatial structure.
The variance explained by the spatial variables that could
not be related to the measured environmental variables
(fraction c) could be due to unmeasured environmental
variables or to biotic processes. The unexplained variance
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(fraction d) was probably due to some overlooked factors
(e.g., historical factors, food availability), to an incom-
plete description of the spatial structure or to a large
amount of random variation (Borcard et al. 1992). The
first two axes of the partial RDA controlled for the
spatial structure, explained 12.8% of the species data
variance; the first axis explained 6.8%. Six environmental
variables were statistically significant according to the
Monte Carlo permutation test (P < 0.05) (Fig. 7). The
seabed substrate types clearly divided Leptogorgia sar-
mentosa, which appeared to be strongly associated with
soft bottoms and maerl (Fig. 7a, d), from FEunicella
singularis, which was associated with a rocky substrate
(Fig. 7a, b). The slope of the seabed was strongly sig-
nificant in determining the presence and abundance of
Paramuricea clavata (Fig. 7a, c).



Mar Biol (2011) 158:143-158

149

Table 1 Gorgonian presence and spatial distribution in the study area. Occupancy (frequency of occurrence in the set of sampling units) is given
for each sub-area and species; abundance (number of colonies); and maximum density of each species is given per each sub-area

Sub-area  Sampling units Species Sampling units with species Colonies Max Density
Number  With gorgonians (%) Number (%) Number (%) (colonies mfz)
A 411 20 “4.9) E. singularis 14 (3.4) 109 (84.5) 205
P. clavata (0.5) 15 (11.6) 4.5
L. sarmentosa 5 (1.2) 5 3.9) 0.5
B 233 23 9.9) E. singularis 22 9.4) 172 (99.4) 305
P. clavata 0 (0.0) 0 (0.0) 0.0
L. sarmentosa 0.4) 1 (0.6) 0.5
C 332 68 (20.5)  E. singularis 53 (16.0) 206 @1.7) 150
P. clavata 8 2.4) 28 (11.1) 4.0
L. sarmentosa 13 3.9 18 (7.1) 1.5
D 342 73 (21.3)  E. singularis 58 (17.0) 593 (86.6) 28.5
P. clavata 11 (3.2) 67 9.8) 10.0
L. sarmentosa 20 (5.8) 25 (3.6) 1.5
E 403 128 (31.8)  E. singularis 120 (29.8) 1,598 81.4) 340
P. clavata 39 9.7) 360 (183) 175
L. sarmentosa 5 (1.2) 5 (0.3) 0.5
F 236 54 (22.9)  E. singularis 51 (21.6) 794 81.4) 300
P. clavata 19 (8.1) 174 (17.8) 18.5
L. sarmentosa 4 (1.7) 7 0.7) 1.5
G 369 119 (32.2)  E. singularis 117 31.7) 920 99.7) 37
P. clavata 0 (0.0) 0 (0.0) 0.0
L. sarmentosa 3 (0.8) 3 (0.3) 0.5
Discussion Indeed, the three gorgonian species exhibit different spatial

The occurrence and abundance of gorgonians in the study
area are consistent with previous data from other locations
within the Western Mediterranean Sea (Table 2). Although
differences in the applied methodology posed difficulties
in making comparisons among studies, the density values
documented for the Mediterranean species (Table 2)
are comparable to those reported for tropical (Kinzie
1973; Lasker and Coffroth 1983; Yoshioka and Yoshioka
1989a; Chiappone et al. 2003) and temperate species
(Grigg 1975, 1977). Conversely, research conducted in
deep-sea (Mortensen et al. 1995; Mortensen and Buhl-
Mortensen 2004) and polar areas (Orejas et al. 2002)
demonstrated a much lower occurrence and abundance
of gorgonians in those regions. In contrast with the high
diversity of species in tropical gorgonian communities
(Lasker and Coffroth 1983; Yoshioka and Yoshioka 1989b;
Chiappone et al. 2003), the Mediterranean gorgonian
assemblages are mostly monospecific, and the coexistence
of multiple species has been observed only sporadically
(Eunicella singularis and Paramuricea clavata on rocky
walls, and deep horizontal rocky bottoms; Leptogorgia
sarmentosa and E. singularis on shallow rocky bottoms).

distribution patterns. E. singularis is widely distributed
throughout the studied area as well as in other locations in
the Western Mediterranean Sea (Weinberg 1979, 1980;
Linares et al. 2008b), where it can be considered the most
common and abundant gorgonian species (Table 2). Its
distribution is mainly driven by the requirement for hard
bottom substrates without a slope angle preference, and
high densities of E. singularis are also observed on vertical
walls independently of the light exposure. Conversely,
P. clavata presented a strongly patchy distribution that
was mainly associated with vertical rocky walls (Fig. 7)
(Carpine and Grasshoff 1975; Weinberg 1976; Linares
et al. 2008a), and this strong association could be the main
explanation for the observed confinement of populations of
this species to a few sites (Fig. 2). According to Linares
et al. (2008a), the extensive distribution of E. singularis
might be related to its tolerance to a wide range of envi-
ronmental conditions, in contrast to the contagious distri-
bution of P. clavata, which seems to be highly dependent
on the vertical slope of the rocky bottom and on low light
conditions. The lower maximum densities reported in this
study in comparison with other locations (Table 2) might
reflect a constraint of the video technique employed, which
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Eunicella singularis - adult colonies
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Fig. 3 Eunicella singularis—Bathymetrical distribution of the den-
sity of adult colonies in each sub-area (a—g): the black square
indicates the median value; the box indicates the first and third
quartiles; and the line indicates the range between minimum and
maximum values. Gray-scale histograms represent the total number

allows an extended sampling coverage but loses accuracy
in measuring density when compared to other methods.
However, the observed range of variability in the density of
both species in the Cape of Creus area is within the same
order of magnitude as the variability previously reported
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of sampling units for each substrate type (see legend) over the studied
bathymetrical range. Numbers presented in brackets indicate the
percentage of sampling units with presence of the species. Total
number of colonies (n) and sampling units (/) are indicated for each
sub-area

for different locations in the Western Mediterrancan Sea
(Tables 1, 2) (Coma et al. 2006; Linares et al. 2005, 2008a;
Cupido et al. 2008), which suggests that this is the natural
range of the density of these species over a large extent.
The scattered distribution of L. sarmentosa, with few
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Eunicella singularis - young colonies
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Fig. 4 FEunicella singularis—Bathymetrical distribution of the den-
sity of young colonies in each sub-area (a—g): the black square
indicates the median value; the box indicates the first and third
quartiles; and the line indicates the range between minimum and
maximum values. Gray-scale histograms represent the total number

colonies that were mainly dispersed on soft bottoms and
maerl, is consistent with previous observations of this
species (Carpine and Grasshoff 1975; Weinberg 1976; Gili
et al. 1989; Mistri and Ceccherelli 1993; Rossi and Gili
2009). However, the low-density values determined for the

sampling units

of sampling units for each substrate type (see legend) over the studied
bathymetrical range. Numbers presented in brackets indicate the
percentage of sampling units with presence of the species. Total
number of colonies (n) and sampling units (m) are indicated for each
sub-area

Cape of Creus are different from those of other locations in
which dense populations (up to 17 colonies m~2) have been
recorded (Weinberg 1979; Mistri 1995).

The highest occurrences and abundances of Eunicella
singularis and Paramuricea clavata were concentrated on
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Fig. 5 Paramuricea clavata—Bathymetrical distribution of the den-
sity of colonies in each sub-area (a—g): the black square indicates the
median value; the box indicates the first and third quartiles; and the
line indicates the range between minimum and maximum values.
Gray-scale histograms represent the total number of sampling units

the northern coast of the Cape of Creus in the area directly
exposed to the main near-bottom currents, wind and wave
action (Millot 1990; DeGeest et al. 2008; Ulses et al. 2008;
Rubio et al. 2009). In contrast, hot spots of Leptogorgia
sarmentosa were located along the more sheltered east side
of the cape, where there is a turbulent circulation but no
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for each substrate type (see legend) over the studied bathymetrical
range. Numbers presented in brackets indicate the percentage of
sampling units with presence of the species. Total number of colonies
(n) and sampling units (m) are indicated for each sub-area

strong near-bottom currents (DeGeest et al. 2008; Ulses
et al. 2008). Hydrodynamic patterns are a key factor in
understanding the distribution of benthic suspension feed-
ers (Gili and Ballesteros 1991; Wildish and Kristmanson
1997), and higher densities are often found in areas
exposed to higher hydrodynamism and particulate organic
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Leptogorgia sarmentosa
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Fig. 6 Leptogorgia sarmentosa—Bathymetrical distribution of the
density of colonies in each sub-area (a—g): the black square indicates
the median value; the box indicates the first and third quartiles; and
the line indicates the range between minimum and maximum values.
Gray-scale histograms represent the total number of sampling units

matter concentrations (Cocito et al. 1997). The influence of
topography on current patterns, and consequently on the
food supply, is thought to determine the distribution of
gorgonians and cold-water corals on both large and small
scales (Cocito et al. 1997; Wildish and Kristmanson 1997,
Mortensen and Buhl-Mortensen 2004). The diet of P. clavata

for each substrate type (see legend) over the studied bathymetrical
range. Numbers presented in brackets indicate the percentage of
sampling units with presence of the species. Total number of colonies
(n) and sampling units (m) are indicated for each sub-area

consists mainly of microzooplankton (Coma et al. 1994;
Ribes et al. 1999), and the preference for a moderate-high
current regime and only moderate resuspension could
explain the distribution of this species on vertical rocky
walls. Shallow colonies of E. singularis host zooxantellae,
and consequently, their distribution might be mainly
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Fig. 7 Partial redundancy analysis (RDA): (a) biplot showing the
ordination of gorgonian species and the roles of the significant
environmental variables; (b, ¢, d) attribute plots of the abundance of
each species in the two-dimensional space determined by the partial
RDA. Crosses represent empty sampling units, whereas in those units

related to light exposure; in contrast, data regarding the
diet of deep sublittoral E. singularis colonies is lacking.
The distribution of L. sarmetosa on soft bottoms might be
related to a higher degree of resuspension (Rossi et al.
2003), which correlates with the increased importance of
resuspended particles in the diet of this species (Ribes et al.
2003; Rossi et al. 2004).

The amount of variation accounted for by space alone
shows that the substrate type, seabed slope, and depth were
insufficient to completely explain the observed spatial
structure of gorgonian abundance. This strictly spatial
variation may be due to some overlooked environmental
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in which the species is present, the circle diameter is proportional to
the species abundance from the minimum up to the maximum value
(Eunicella singularis: 0.5-37 colonies mfz; Paramuricea clavata:

0.5-18.5 colonies m~2; Leptogorgia sarmentosa: 0.5-1.5 colonies
-2
m

factors, or it may reflect some contagious biological pro-
cess (Borcard et al. 1992). A short dispersal range of the
larvae and settlement near the parental colony has been
observed in Eunicella singularis (Théodor 1967; Weinberg
and Weinberg 1979) and Paramuricea clavata (Coma et al.
1995; Linares et al. 2007, 2008¢), and the effect of vari-
ability in the dispersion capability of larvae on the resulting
spatial structure has been reported for tropical gorgonians
and corals (Carlon and Olson 1993; Jordan-Dahlgren 2002;
Baird et al. 2003). Many young colonies of E. singularis
were observed along the Cape of Creus, whereas popula-
tions of P. clavata and Leptogorgia sarmentosa consisted
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Table 2 Maximum densities
reported for the studied
gorgonian species in other

Species

Maximum density Geographic location
(colonies m~2)

Author

locations in Western

- Eunicella singularis 56.4
Mediterranean Sea

4.76
41.91
47.55
1.67
18.6
41.25
>50
>84
Paramuricea clavata 52
52.5
30.82
53.13
37.33
59
38
32
55.8
>55
46
33
52
50
Leptogorgia sarmentosa >12
17

Cape of Creus Linares et al. (2008a)

Montgri Linares et al. (2008a)
Medes Islands Linares et al. (2008a)
Tarragona Linares et al. (2008a)
Valencia Linares et al. (2008a)
Gandia Linares et al. (2008a)

Linares et al. (2008a)
Weinberg (1976)
Weinberg (1978b, 1979)
Linares et al. (2008a)
Linares et al. (2008a)
Linares et al. (2008a)
Linares et al. (2008a)
Linares et al. (2008a)
Linares et al. (2005)
Linares et al. (2005)
Coma et al. (1994)
Coma et al. (1995)
Weinberg (1978b, 1979)
Banyuls-sur-Mer Weinberg (1976)

Gulf of La Spezia (Tino Island)  Cupido et al. (2008)
Gulf of La Spezia (Tinetto Island) Cupido et al. (2008)
Gulf of La Spezia (Tinetto Shoal) Cupido et al. (2008)
Weinberg (1976)
Weinberg (1978b, 1979)

Cape of Palos
Banyuls-sur-Mer
Banyuls-sur-Mer

Cape of Creus

Medes Islands

Tamariu

Columbretes Islands
Cape of Palos
Port-Cros (Ilot de Gabiniére)
Port-Cros (Montrémian)
Medes Islands

Medes Islands

Banyuls-sur-Mer

Banyuls-sur-Mer
Banyuls-sur-Mer

almost exclusively of adult colonies. These results agree
with the extremely rare recruitment reported for P. clavata
(Linares et al. 2008a) and L. sarmentosa (Rossi and Gili
2009) and the very low survival of new P. clavata settlers
(Linares et al. 2008b). The observed large number of young
E. singularis colonies seems to indicate a high survival of
its recruits (Linares et al. 2008a) and continuous recruit-
ment over time (Ribes et al. 2007; Linares et al. 2008a).
Conversely, the distribution patterns of P. clavata and
L. sarmentosa seem to be more dependent on periodic
occurrences of successful recruitments.

Previous knowledge on the bathymetrical distribution of
Eunicella singularis (depths of 7 to 54 m) and Paramuri-
cea clavata (5 to 100 m depth) was based mainly on
irregular observations (Laborel et al. 1961; Carpine and
Grasshoff 1975; Weinberg 1976), but to date, there is still
very little quantitative information on the bathymetrical
distribution patterns of these species (Bo et al. 2009). Our
results demonstrated a high abundance of P. clavata at
depths from 25 to 50 m (Fig. 5) and high densities of
E. singularis from 15 to 70 m (Figs. 3, 4). E. singularis
colonies that were present at depths shallower than
30-35 m displayed the common candlestick-like colony

morphology, with a few long and straight branches that run
parallel to one another and exhibit a dirty grayish-white
color (Weinberg 1976). Conversely, colonies present at
depths deeper than 30-35 m displayed a more variable
colony morphology and bright white color (Théodor 1969;
Weinberg 1976), and they should be considered as
E. singularis aphyta, as previously described by Théodor
(1969). Further studies are needed to elucidate the classi-
fication of these colonies as a subspecies or variety
(Théodor 1969; Carpine and Grasshoff 1975, Weinberg 1976).
The observation of high-density populations of P. clavata
and E. singularis at locations below 40 m depth, highlight
as the research on Mediterranean gorgonians to date has
focused only on a fraction of the species populations (the
shallower ones). To achieve a complete understanding of
the ecology of the main Mediterranean gorgonians species,
it will now be important to explore the ecological charac-
teristics of the deep sublittoral gorgonian populations, the
possible connectivity with shallow populations, and the
properties of these spatially structured population systems
(Thomas and Kunin 1999). New studies are necessary to
explore whether these deep sublittoral populations are
exposed to more stable environmental conditions and
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whether these populations might play a role in the re-col-
onization of the shallower areas in which gorgonians are
exposed more frequently to less stable conditions and to
frequent perturbations. This aspect appears to be extremely
important in light of the episodes of mass mortality that
have affected the shallow populations of gorgonians in
the Western Mediterranean (e.g., Cerrano et al. 2000;
Perez et al. 2000; Linares et al. 2005; Cupido et al. 2008;
Garrabou et al. 2009) and in consideration of the sporadic
mortality events caused by perturbations, such as the
extremely strong storm that severely affected many shal-
low populations of E. singularis and P. clavata along the
Catalan coast in December 2008 (Linares, personal com-
munication). The reported deep sublittoral populations of
E. singularis and P. clavata demonstrate the importance of
studying the distribution of benthic species over a great
spatial and bathymetrical range and highlight how ROV
studies can provide information that is complementary to
that obtained by scuba divers.
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