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harvesting depth range, landings declined over the last decades and only rose after the 
widening of the harvesting geographic area (Fig. 1). Major concern has been expressed 
about possible extinction or exhaustion of this fragile resource (Santangelo & Abbiati, 
2001; Tsounis et al., 2013). A debate on conservation strategies, contrasting harvesting 
management versus trade control (Chang et al., 2013), was raised by GFCM and CITES, 
and involved fishermen, traders, industry, scientists and conservationists.  

Fig. 1: Mediterranean red coral landing data (Source GFCM- FAO). 

Among the major difficulties encountered in defining strategies for the conservation of 
the species was the lack of knowledge on biology, ecology, connectivity among 
populations in deep water, and of estimates of the deep stocks. In recent years, the number 
of scientific publication on Corallidae greatly expanded (Fig. 2), particularly concerning 
the Mediterranean red coral: the most shallow and accessible species. Studies on 
reproductive biology, feeding, distribution, population dynamics as well as manipulative 
experiments on processes driving the ecology of the species in shallow water have been 
done. A bulk of studies was also addressing the population genetic structure of the species 
in different habitats, ad different geographical scales, and depth ranges. To be able to 
estimate recovery capability of the species, however, an accurate estimate of the effective 
larval dispersal and of the potential for re-colonisation of exhausted areas is needed. 

Fig. 2: Number of publication on Corallidae in international scientific journals (Source ISI 
Web of Science). 



























Results  
The mapped areas cover a 780 km2 area of Cap Corse between 0 and 150 m depth (Fig.1)
and a 387 km2 area of Bouches de Bonifacio between 20 and 100 m depth (Fig. 2 and 3). 
The map of the main biocoenoses and associations of Cap Corse shows the importance 
of the association of rhodoliths (Fig. 1), which forms accumulations in the sandy 
depressions (9328 ha) 1660 ha), down to 90 m depth. The 
frequency of hard substrates, hosting coralligenous assemblages, is also observed (26 ha).
In contrast, the area of Bouches de Bonifacio would appear to be characterized by great 
richness in hard substrates, hosting of coralligenous assemblages (Fig. 2 and 3; 181 ha)
but over a smaller area with regard to the rhodolith beds surfaces areas (2013 ha). These 
rhodoliths are only observed down to maximum depths of 75 m and form accumulations 
in the sandy depressions. 
It should be noted that, for both sites, the coralligenous areas are underestimated due to 
the method used (side scan sonar) which only takes into account horizontal or 
subhorizontal surfaces (3D assemblage). 

Fig. 1: Map of the main biocoenoses and associations of Cap Corse.

In addition in the northern part, new structures have been discovered. These structures, 
never previously identified in the Mediterranean Sea, are named "coralligenous atolls" 
because of their circular shape. They are formed of a massive central core constituted by 
a massive coralligenous structure, a halo of detritic bottom and a peripheral crown of free
rhodoliths. The absence of coralligenous atolls must be emphasized, at the area of 
Bouches de Bonifacio, a site otherwise closely comparable to Cap Corse, despite the 



presence of coralligenous assemblages. The reliability of the three maps is high. It is 
between 88% and 90% for Cap Corse and 91% and 90% for Bouches de Bonifacio 
according to the scale of Pasqualini et al., (1998) and MESH (2008). 

Discussion and conclusion  
The maps produced constitute a significant contribution to knowledge of the distribution 
of the rhodolith beds and coralligenous assemblages, according to the existing data 
(UNEP-MAP-RAC/SPA 2009; Martin et al., 2014) especially on rhodolith beds whose 
knowledge was limited, compared to what was available for coralligenous outcrops 
(Martin et al., 2014). This study demonstrates the extent of the surface area occupied by 
the rhodolith beds in these Natura 2000 sites (8 % of the total mapped surface of the 
western Mediterranean basin (Martin et al., 2014)). 
Our results are in accordance with the existing data concerning the bathymetric distribution 
of coralligenous (Ballesteros, 2006) and rhodolith associations (Barbera et al., 2003; 
Georgiadis et al., 2009) even if our observations are among the deepest recorded for the 
coralligenous in the western basin (down to -120 m; Bonacorsi et al., 2012).
In addition to a heritage interest, these calcareous bio-concretions probably play a major 
role in the production of calcium carbonate and more generally in the biogeochemical 
cycles of carbon at regional level, but their role is still insufficiently studied (Martin et al.,
2013a). Calcimetric analysis showed particularly high content in calcium carbonate of the 
biocoenosis of coastal detritic bottoms (90 %) as already reported for Balearic Islands 
(between -40 and -90 m; Fornos & Ahr, 1997), in the Gulf of Cagliari (-50 to  -5 m; 

Fig.3: Map of main biocoenoses and 
associations of Asinara.

Fig. 2: Map of main biocoenoses and 
associations of Bouches de Bonifacio.











Results 
Along the path of the two pipelines, 344 individuals of Centrostephanus longispinus
(Fig. 2) were counted, 176 and 168 on the La Barasse and Gardanne pipes, respectively. 
The depth ranged from 45 to 96 m and the distance from the shore from 730 to 3 950 m.
However, most individuals (85%) were located between 60 and 75 m depth (Fig. 3). The 
mean density, in the stretch where sea urchins were present, was 0.6 individuals/10 m, 
and up to 4.6 individuals/10 m in densely occupied zones. The density peaks slightly 
differ between the two pipelines: 1 300-1 800 m from the shore and 65-75 m depth along 
the La Barasse pipe, versus 1 050-1 300 m from the shore and 60-65 m depth along the 
Gardanne pipe (Fig. 3).  

Fig. 2: A sea urchin Centrostephanus longispinus on the La Barasse pipeline, 68 m depth. 
Photo: ©ROV, COMEX. 

Fig. 3: Abundance of the sea urchin Centrostephanus longispinus, as a function of the 
depth, along the La Barasse and Gardanne pipelines, in May 2013. 

On the 2 pipes, stands of the seaweed genus Cystoseira were observed, between the lower 
limit of the P. oceanica seagrass meadow (30 m) and 52 m depth (Fig. 4, 5). Between 30 
and 32 m, scuba diving and collection of specimens enabled their identification as 
C. zosteroides. The presence of other species on the deepest parts of the pipes cannot be 
excluded, since these species cannot be distinguished from C. zosteroides on the basis of 
videos alone. Hereaft Cystoseira zosteroides therefore means C. zosteroides and
(perhaps) other species of the genus Cystoseira C. zosteroides was more common (63% 

















































 
 













structure of P. clavata in the Adriatic results from the combination of IBD and regional 
clusters. 

Using STRUCTURE, four different clusters concordant with the geographic regions 
analyzed were found (Fig. 1b). The AMOVA supported the clustering structure 
(differences among four cluster groups: 7.58%, P < 0.001).

Discussion 
This is the first study to characterize the genetic diversity and population structure of 
an engineering and species with limited dispersion in the Adriatic Sea.

Gene diversity and spatial population structure
The level of genetic diversity was comparable to the West-Mediterranean populations 
of P. clavata (mean He by samples: 0.71 vs. 0.74). These results contrast with previous 
studies focused on Posidonia oceanica (Ruggiero et al., 2002; Arnaud-Haond et al., 
2007) in which low levels of genotypic diversity were reported in the Adriatic samples 

Fig.1: a) Map of 13 sampled populations of 
P. clavata. BAL and BLU are the same location but 
at different depths. Lines divide the four 
geographical areas selected for hierarchical 
sampling. Circles correspond to the level of 
assignment of each population in one of the four 
clusters defined by STRUCTURE as shown below 
the map. b) Every vertical line represents one colony 

Fig. 2:  Linear regression of the 
genetic distance (FST/(1-FST))
over the logarithm of geographic 
distances (m).
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using photogrammetric approach (Ledoux et al., 2010b) or direct measures (Mokhtar-
Jamaï et al., 2013). IBD between colonies was tested using Mantel tests (1000 
permutations). We also divided colonies in different stage classes accounting for their 
sizes. We then analyzed the relationships between the individuals within and between the 
stages classes using COLONY v.2 (Wang, 2004).

Fig. 1: The three different sampling scales considered in this study. a) At global scale (from 
hundreds to thousands of km), the sampling was focused on three regions (A: Marseilles; 
B: Corsica; C: Catalonia) and composed by 35 and 31 populations of C. rubrum and 
P. clavata respectively; b) At regional scale (from tens of m to km), nine populations of 
P. clavata were sampled; c) At local scale (from cm to m), 75 and 87 colonies were sampled 
and geo-referenced over a half and two square meters for C. rubrum (left panel) and 
P. clavata (right panel) respectively. 

Results 
At global scale and for the two species, pairwise genetic differentiation tests between 
populations were mainly significant even for populations separated by tens of meters. 
Global FSTs were 0.09 and 0.08 for C. rubrum and P. clavata, respectively. In the two 
species, tests of IBD were significant (P < 0.01; Fig. 2a). Nevertheless, for a same 
geographic distance, higher genetic distances between populations were observed in 
C. rubrum than in P. clavata. The clustering analyses revealed the occurrence of 
concordant regional genetic clusters between the two species (Fig. 2b). Migrate analyses 
demonstrated a higher connectivity but lower effective population size in C. rubrum
compared to P. clavata. The migration rate ranged from 0.03 to 0.05 and 0.002 to 0.01 
and the theta parameter (4Ne ) ranged from 1.5 to 8.5 and 3.7 to 7 for C. rubrum and 
P. clavata, respectively.  



At regional scale, all but four pairwise genetic differentiation tests were significant. 
A significant IBD (P < 0.01) was detected between the nine populations. Three genetic 
clusters concordant with the geographic groups were revealed. Local STs ranged from 0.01 
(95% HPDI: 0.01-0.02) to 0.09 (95% HPDI: 0.06-0.13). Contemporary Ne ranged from 50 
(95% CI: 36-92) to 135 (95% CI: 88-304). Recent migration rates ranged from 0.19 to 0.33. 
Heterogeneity between populations was also demonstrated for the two demographic 
parameters under survey. The density of populations ranged from 6.8 to 57.6 col m-2

whereas the percentage of injured surface varied between 2.2% and 25.2% (Tab. 1). 

Fig. 2: a) Linear regression between the genetic (FST/(1-FST)) and the geographic (ln m)
distances; b) Three regional genetic clusters inferred by STRUCTURE, each individual is 
represented by a vertical line partitioned into three colored segments that represent the 

three clusters. The clustering analysis was 
conducted based 1140 individuals from 35 populations in C. rubrum and 1076 individuals 
from 31 populations P. clavata. 

At fine spatial scale, the analyses of relationships demonstrated the occurrence of 
complex networks of full sib, half sib or parent-offspring relationships for the two species. 
Significant IBD (P < 0.01) was revealed between C. rubrum colonies but not between the 
colonies of P. clavata. Based on the IBD in C. rubrum, we estimated the effective 
dispersal, g, between 22 and 32 cm. 
Tab. 1: Population genetics at regional spatial scale: summary statistics of genetic 
differentiation ( ST), contemporary effective population size (Ne), recent migration rate, 
density and mortality of two healthy (ETR, NBD) and two vulnerable (EDD, EDS) 
populations of P. clavata from Ibiza Island. 

Population F'ST
(95%HPDI) Ne (95% CI) Migration 

rates
Density
(col m-2)

Mortality (% of 
injured surface)

ETR 0.01 (0.01-0.03) 135 (88-304) 0.33 6.8 2.2
NBD 0.01 (0.01-0.02) 60 (42-114) 0.32 11 16.6
EDD 0.09 (0.06-0.13) 50 (36-92) 0.19 11.8 25.2
EDS 0.08 (0.05-0.11) 54 (41-106) 0.19 31.1 17.8
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observation by SCUBA divers were proposed to evaluate and monitor the coralligenous 
bottoms. Cecchi and Piazzi (2010) defined an index based on the evaluation of the heterogeneity 
of assemblages according to the ecological values of the different species (ESCA Index). 
The Rapid Visual Assessment Method (RVA method) relies on a seascape approach to 
characterise the ecological quality of coralligenous reefs (Gatti et al., 2012). At last, the 
Coralligenous Assemblage Index (CAI) is composed by three metrics: (i) the bryozoa percent 
cover, (ii) the sludge percent cover, (iii) the builder species percent cover (Deter et al., 2012). 
In order to further contribute to these first studies and methodological recommendations for the 
characterisation of coralligenous assemblages (Kipson et al., 2011), we hereby present a new 
method (INDEX-COR method) based on an integrated approach taking into account the impact 
of human activities on the biodiversity, the composition of benthic assemblages and the 3D 
structure of coralligenous outcrops (Hong 1983; Gatti et al., 2012).  

Materials and methods 
Data were collected during two field campaigns carried out in winter of 2013 and 2014. In total, 
22 stations were sampled along the coasts of Provence (France) taking into account (i) "natural", 
(ii) moderate and (iii) highly impacted sites (sewage outfall, industrial activities, fishing, 
diving) (Fig. 1). Due to the proximity to the Rhône Delta, in the eastern part of the Gulf of Fos 
coralligenous outcrops develop between 10 and 20 m depth (sites 1 and 2). In the other sites 
located between Marseilles and St Tropez (sites 3 to 22) data were collected between 30 and 
40 m depth. 

Fig. 1: Study area and sampling stations. 1: Auguette, 2: Arnette, 3: San Christ, 4: Méjean, 5: 
Large Niolon, 6: Pointe La Luque, 7: Fromage, 8: Matelot, 9: Ile Plane nord, 10: Ile Plane sud, 

11: Moyade, 12: Caramassaigne, 13: Grand Congloue, 14: Sormiou, 15: Morgiou, 16: Devenson, 
17: Egoût Figuerolle, 18: Sêche Pêcheur Ouest, 19: Sêche Pêcheur Sud, 20: Sêche Pêcheur Est, 

21: Tombant Maconnais, 22: Quairol.

Sampling with the INDEX-COR method is based on the Reef Check Benthos method usually 
applied to monitor the conservation state of the coral reefs in tropical zone (Hill & Wilkinson, 
2004). We also take into account the non-destructive protocol for the biodiversity assessment 
and monitoring of coralligenous outcrops proposed by Kipson et al. (2011). In each site, 
sampling by SCUBA diving was performed along two transects (15 m) randomly installed at 
the same depth and orientation. Along them, 30 photographs (15 per transect) were taken by 
one diver using a digital camera perpendicularly fixed to a 60x40cm quadrat frame (72000 cm² 





FAMD performed with the classification of the basal, intermediate and upper layers (Fig. 2a). 
This axis represent 29.9% of the information and is mainly explained by the basal and 
intermediate layer values as well as the extreme values of the upper layer. In order to embed 
this value in the INDEX-COR index formula with OTR metrics, it was increased by a factor of 
10. Results obtained classify sites according to the general level of pressure, ranging SC values 
from 0 for Auguette (the most impacted site) to 55.27 for Quairol ("natural" site) (Fig. 2b). 

Fig. 2: Classification of sites by the SC value. a: FAMD results. 4 groups of stations can be identified 
linked to the estimated level of pressure. b: classification of station according to the SC value. 

The IC index values ranged from 13.89 (Auguette) to 54.34 (Caramassaigne) (Fig. 3). 
According to the level of anthropogenic impact evaluated by expert judgement. IC values less 
than 20 classify stations as highly impacted with a bad conservation state whereas values greater 
than 40 reflect low impacted station with coralligenous assemblages in a good health. 

b
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petraeum is scattered over the surface of the blocks where its density is close to 21 individuals 
per 4 cm² and among them some juveniles can be noted. 

Conclusion and discussion 
Vermetid bio-constructions are rather common on all around the Mediterranean basin but 
they are mainly present under the Platform-type morphologies and only a few number of 
sites hosts the reef-type form: the Sicilian coasts where they are described as Mushroom-
like reefs and the Palestinian coasts where we can found some micro-atoll reefs (Antonioli 
et al., 1999).The specific shape of the Tunisian vermetid reef stands out from the previous 
forms and suggest some particular ecological conditions. 
As vermetid are strictly associated to the intertidal zone they are highly reliable indicators 
of sea level variations (Silenzi et al., 2004; Vescogni et al., 2008) and according to this, 
the variations reported in the reef top depth as well the presence of Posidonia oceanica
on the deeper parts of that top suggest a rise of the sea level. 

Fig. 1:  Block diagram reconstitution of a part of the reef. 
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CHARACTERIZING CORALLIUM RUBRUM POPULATIONS OF 
TWO MEDITERRANEAN MPAS: 

STRUCTURING FACTORS AND DYNAMICS

Abstract 
In the frame of two MPA management (the recently enforced Calanques National Park and the 
30 years-old Banyuls MPA) Corallium rubrum (Cnidaria) populations were studied in order to give 
managers useful data for population management. Data on morphology, recruitment and 
population size-structure were collected in both MPAs using novel photogrammetric methods 
allowing precise tridimensional measures. We assessed size structures and population dynamics 
and linked it to the protection levels of both MPAs. In Banyuls, morphometrics of populations 
revealed population characteristics typical of long lived individuals (mean colony height of 30 cm, 
basal diameter >2cm). Contrastingly Calanques National Park populations were characterized by 
biometrics typical of earlier developmental stage (e.g. smaller and thinner colonies).  

Key-words: Corallium rubrum, MPA, photogrammetry 

Introduction 
Corallium rubrum (Cnidaria) is a long-lived species from the Mediterranean Coralligenous 
biocenosis. It is economically exploited and threatened by both local and global scale 
anthropogenic stressors, notably through climate change and physical destruction (Garrabou 
et al., 2001). In the frame of two NW-Mediterranean MPA management (the recently 
enforced Calanques National Park and the 30 years-old Banyuls MPA) Corallium rubrum
populations were studied in order to give managers useful data for population management. 

Material and methods 
Data on morphology, recruitment and population size-structure were collected in both 
MPAs using novel photogrammetric methods allowing precise tridimensional measures 
(Drap et al., 2014). We assessed a set of biometrics describing colony structures (Fig. 1) 
and population dynamics and linked it to the protection levels of both MPAs.  

Fig. 1. Examples of measured 
biometrics for each colony type 
(branching, encrusting and 
bourgeons) in the case of the 
Calanques National Park.



Results 
In Banyuls, morphometrics of populations revealed population characteristics typical of 
long lived individuals (mean colony height of 30 cm, basal diameter >2cm). Contrastingly 
Calanques National Park populations were characterized by biometrics typical of earlier 
developmental stage (e.g. smaller and thinner colonies); furthermore in Calanques 
National Park means of studied biometrics did not significantly differ between the no-
take zone (NTZ) and outside the NTZ (Fig. 2).  

Fig. 2. Tuckey boxplot of branches number for colonies of 
studied sites located inside and outside the no-take zone 
(NTZ) of the Calanques National Park

Discussion / Conclusion  
In the Calanques National Park, preliminary results showing no significant differences 
between Corallium rubrum biometrics within versus outside the NTZ may be related to 
the recent setting up of the protection. Long term monitoring is necessary to study if 
conservation practices will lead to population patterns as those observed in the older 
Banyuls MPA. 
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(Fig. 1A). The analysis of the porosity showed an average of about 40% (Fig. 1B). The area 
occupied by sponges was about the 25% of the total surface of crevices (Fig.1C). 

Fig. 1. Volume renderings of coralligenous blocks. A, Total volume (TomoLab). Selection of 
VOIs (SYRMEP): B, volume used to evaluate porosity; C, detail showing sponge spicules.

Discussion and conclusions 
The biodiversity of coralligenous assemblages is underestimated (Bertolino et al., 2013) and 
this gap of knowledge is mainly due to the lower accessibility of this habitat and to its high 
structural complexity. New technologies are suggested to speed up the knowledge on 
coralligenous at macroscopic level (Zapata et al., 2013) but also other scales of observation 
are evidencing unexpected results. The value of micro-porosity here calculated is comparable 
to that of coral reefs, and reinforces the ideas on the key role that holes and microcavities can 
play in this bioconstruction. Sponges are among the most important components of the 
coralligenous cryptic community, occupying about 25% of the total surface of crevices. 
Microcavities can host a rich fauna, suggesting a fundamental contribution of the cryptic 
community to the coralligenous ecosystem functioning and asking for a redrawing of the 
benthic pelagic-coupling assumptions known for this key habitat. 
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