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Abstract

Submarine canyons are known as one of the seafloor morphological features where
living cold-water coral (CWC) communities develop in the Mediterranean Sea. We in-
vestigated the CWC community of the two westernmost submarine canyons of the
Gulf of Lions canyon system: the Cap de Creus Canyon (CCC) and Lacaze Duthiers
Canyon (LDC). Coral associations have been studied through video material recorded
by means of a manned submersible and a remotely operated vehicle. Video transects
have been conducted and analyzed in order to obtain information on (1) coral bathymet-
ric distribution and density patterns, (2) size structure of coral populations, and (3) coral
colony orientation with respect to the substrate. Madrepora oculata was the most abun-
dant CWC in both canyons, while Lophelia pertusa and Dendrophyllia cornigera mostly
occurred as isolated colonies or in small patches. An important exception was detected
in a vertical cliff in LDC where a large Lophelia pertusa framework was documented.
This is the first record of such an extended L. pertusa framework in the Mediterranean
Sea. In both canyons coral populations were dominated by medium and large colonies,
but the frequent presence of small-sized colonies also indicate active recruitment. The
predominant coral orientation with respect to the substrate (90° and 135°) is probably
driven by the current regime as well as by the sediment load transported by the current
flows. In general no clear differences were observed between the CWC populations
from CCC and LDC, despite large differences in particulate matter between canyons.

1 Introduction

Continental margins are the most important areas within the ocean in terms of ter-
rigenous input, biogeochemical cycles and biological production (Walsh, 1991; Va-
liela, 1995; Levin and Sibuet, 2012). Physical processes occurring at the shelf edge
transfer water and particulate matter from the continental shelf to the deep sea (Nit-
trouer and Wright, 1994), and submarine canyons are the main transport pathways for
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this transfer (Puig et al., 2003; Palanques et al., 2008; Huvenne et al., 2011). Subma-
rine canyons play a fundamental role in shelf-deep ocean exchanges reducing the time
and the distances covered by water masses, and consequently enhancing the trans-
fer of organic and inorganic sediments from shallow to deeper waters (Wirtz, 2012).
Canyons that extend across the continental shelf and approach the coast, intercept and
transport down-slope the organic-matter-rich sediments transported along the inner
shelf zone (Sanchez-Vidal et al., 2009; Lo lacono et al., 2011). Given such enhance-
ment of trophic resources, canyons may harbor a significantly increased biodiversity
and biomass compared to the open slope adjacent areas (Vetter and Dayton, 1998; De
Leo et al., 2010; Huvenne et al., 2011).

The continental shelf and slope of the Gulf of Lions, in the northwestern Mediter-
ranean Sea, is one of the areas of the world oceans with highest canyon density
(Wirtz, 2012). In the heads of some of these canyons, well developed cold-water
coral (CWC) communities have been documented to occur on the rocky bottoms of the
canyon flanks (Reyss, 1964a; Orejas et al., 2009; Watremez, 2012). The high struc-
tural heterogeneity originated by the growth of CWC provide a complex spatial mosaic
of habitats, and promote the presence of a high diverse associated fauna (Henry and
Roberts, 2007; Buhl-Mortensen et al., 2010) since CWC can act as potential areas
of refuge, breeding and feeding for many deep-sea species, including commercially
important fish (Husebg et al., 2002; Costello et al., 2005; Ross and Quattrini, 2007;
D’Onghia et al., 2010; Baillon et al., 2012).

Occurrence, distribution and abundance of CWC species are strongly influenced by
several abiotic factors such as seawater temperature and density, aragonite satura-
tion state, oxygen concentration, presence of appropriate substratum, and water flow
regimes (Dullo et al., 2008; Davies et al., 2008; Orejas et al., 2009; Roberts et al.,
2009a). Enhanced flows prevent coral smothering by sediments, and play a crucial
role in food supply (Roberts et al., 2009b), which has been considered as one of the
main governing factors in CWC distribution (Frederiksen et al., 1992; Mortensen et
al., 2001; Kenyon et al., 2003; Thiem et al., 2006; Davies et al., 2009). Each canyon
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present unique characteristics (Wurtz, 2012) with large differences in the sediment
fluxes and hydrodynamic features (Palanques et al., 2006; Canals et al., 2009) that
make the availability of food to CWC largely variable among canyons. Such differences
affect the abundance and species composition of the fauna (Gili et al., 2000), and
could result in different suitability and stability of coral habitats, hence inducing differ-
ences among their populations. Both the environmental suitability and the stability of
a habitat may be reflected in the distribution patterns of coral colonies, as well as in
the size structure of coral populations, because the size structure reflects the factors
affecting recruitment, growth, and mortality rates in a particular habitat for a period of
time equal to the longevity of the population (Grigg, 1975).

In this study, video analysis methods have been employed to compare the state of
CWC populations in the Cap de Creus Canyon (CCC) and Lacaze-Duthiers Canyon
(LDC), in the Gulf of Lions. Both canyons present well-developed CWC communities,
but differ in terms of main hydrodynamic features and particulate fluxes (Palanques
et al., 2006, 2012; Ogston et al., 2008; Sanchez-Vidal et al., 2009; Pasqual et al.,
2010). The same methodology was employed in both canyons to compare: (1) the
distribution of the CWC species, (2) the size structure of the coral populations, and (3)
the relationships among coral colony size, depth and their position with respect to the
substrate. Moreover, since protection measures will be put in place in both the studied
canyons (Madurell et al., 2012; Watremez, 2012), the results of this study will also
represent a before-protection assessment for monitoring programs aiming to evaluate
the effectiveness of protection measures.

2 Materials and methods

2.1 Research areas and target species

The Gulf of Lions is a crescent-shaped continental margin, with continental shelf width
reaching a maximum of ~ 70 km. The shelf break is found at ~ 120 m water depth and
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the slope is incised by numerous submarine canyons that extend down to the continen-
tal rise at more than 2000 m water depth. CCC and LDC are the westernmost subma-
rine canyons of the Gulf of Lions margin (Fig. 1). High-resolution multibeam bathyme-
tries from the heads of both submarine canyons were available and have been used
in this study (Fig. 2). CCC incises a narrow shelf (< 14 km), while at LDC head region
the shelf is wider (~35km). The CCC axis has a northwest to southeast orientation
and has a single canyon head thalweg (Fig. 2a). The northern flank of the canyon dis-
plays a smooth morphology, with rounded gullies and scars, with depositional regime
prevailing in this sector. In contrast, the southern flank of the canyon is characterized
by the prevalence of hard rocky outcrops and steep walls, with a predominant erosive
regime (De Geest et al., 2008; Puig et al., 2008). The main reason for the contrast
in morphology and sedimentary regimes between the flanks likely resides in the vary-
ing hydrodynamic regimes, with the strong bottom currents and high suspended sed-
iment loads associated with cascading events entering the canyon preferentially via
the southern flank (Canals et al., 2006; Puig et al., 2008). The detailed morphological
features at the head of CCC are described in Lastras et al. (2007). The LDC head
displays a north-northwest to south-southeast orientation and has three main steep
branches that converge at ~ 400 m water depth into a main canyon axis (Fig. 2b). The
canyon is incised up to ~550m below the canyon rims and displays a large thalweg
up to ~600m width, showing a prevailing depositional regime along the axis (Courp
and Monaco, 1990). The southern flank shows a regular aspect until ~600m depth,
with sub-vertical sectors, up to 25° steep, and a general absence of erosive features
such as landslide scars and gullies. The northern flank morphology denotes a more
long term and large scale erosive regime, with retrograding scars reaching the edge
of the flank, and two well-developed tributary valleys. Below the axis depth of ~600m,
the canyon flanks show a clear asymmetry. The southern flank is less steep and dis-
plays a more complex morphology, alternating sub-horizontal terraces to steep sectors
with retrograding scars ad gullies. The northern flank is in contrast steeper and show
smooth and well-rounded landslide scars and less incised gullies. Highly energetic
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hydrodynamic and sedimentary processes, mainly linked to cold dense shelf water
cascading events, have been monitored in both canyons during the past decade. Ob-
servations documented similar temperatures for both canyons (< 12°C), faster down-
canyon current velocities in CCC than in LDC (80 vs. 60cm s ), and higher suspended
sediment concentrations (> 68 vs. 9.4 mg L™") and fluxes (52 g m2s ' vs.5 g m=2s™)
in CCC than in LDC head (Palanques et al., 2006, 2012; Ogston et al., 2008), indi-
cating that the CCC acts as a preferential conduit of dense shelf waters and associ-
ated suspended particles towards the slope region. The presence of CWCs in CCC
and LDC has been previously documented (Pruvot, 1895; Reyss, 1964b, 1972—-1973;
Péres and Piccard, 1964; Reyss and Soyer, 1965). In both canyons these communi-
ties are dominated by the scleractinian coral Madrepora oculata, while the presence
of Lophelia pertusa and Dendrophyllia cornigera is through isolated colonies or small
patches (Orejas et al., 2009; Watremez, 2012).

M. oculata has polyps of 3—5 mm diameter and forms colonies of 30—50cm height;
it has been found at depths of 55—1950 m (Zibrowius, 1980). L. pertusa polyps mea-
sure approximately 10 mm in diameter and forms colonies of more than 130 cm height
(Gass and Roberts, 2006), which can build reefs as high as 33m (Mortensen et al.,
2001); it has been found at depths of 40-3000 m (Zibrowius, 1980; Fossa et al., 2002;
Cairns, 2007). D. cornigera has large polyps 20—40 mm in diameter and forms colonies
of 15—20 cm height; it can be found at depths of 200—800 m, but locally as shallow as
30 m (Castric-Fey, 1996).

2.2 Video surveys and analyses

Video surveys in CCC were conducted in September 2007 by the manned submersible
JAGO (400 m operation depth, equipped with 1080 horizontal lines resolution colour
video camera, and a pair of parallel laser beams mounted 50 cm apart). Video surveys
in LDC were conducted in November 2008 and June 2009 by the remotely operated
vehicle (ROV) Super Achille (800 m operation depth, equipped with 700 horizontal lines
resolution colour video camera, and a pair of parallel laser beams mounted 6 cm apart).
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A total of 10 dives were carried out in the upper CCC head (Fig. 2a), whereas a total of 8
dives were carried out in the upper LDC head (Fig. 2b). The pair of parallel laser beams
allowed to fix 1.5 m wide transects covering each dive. All video material was recorded
on video tapes, and transferred to hard disk prior to the analysis. The video analy-
sis was carried out with Final Cut software (Apple). All colonies of the studied coral
species appearing within the 1.5 m wide of the video transects have been counted and
their depth recorded, following Orejas et al. (2009) and Gori et al. (2011). Furthermore,
colony size, shape and orientation with respect to the substrate have been recorded
for M. oculata and L. pertusa. Colony size was determined by means of the two par-
allel laser beams and classified into four categories: small (colonies with one or a few
branches), medium (colonies presenting a diameter between 10 and 20 cm), large (di-
ameter between 20 and 40 cm), or very large (diameter larger than 40 cm); we assume
a precision of these measurements of £2 cm. The orientation of the colony with respect
to the substrate where it was attached was also classified into four categories: 0°, 90°,
135° and 180° following Rossi et al. (2008).

2.3 Data analysis

All computations were performed using the R package (R Core Development
Team, 2012). The bathymetrical distributions of the three coral species in the canyons
were determined based on the recorded depth of each of the observed coral colonies.
The size structures and the orientation of the colonies with respect to the substrate of
M. oculata and L. pertusa were determined in all the explored sites where the species
were sufficiently abundant (Fig. 2, Table 1). The size structures were analyzed in terms
of descriptive statistics using the skewness of the distribution calculated with the R-
language function agostino.test which is available in the moments library (Komsta and
Novomestky, 2012). Skewness is a measure of the symmetry of a distribution using its
mean; if skewness is significant, the distribution is asymmetric. Positive skewness indi-
cates the prevalence of small size classes in the population, whereas negative skew-
ness indicates the dominance of large size classes. The frequency of the orientation
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of the colonies with respect to the substrate was tested in each site by means of a
chi-square test performed with the R-language function chisq.test, with simulated p-
value calculated by Monte Carlo simulation based on 9999 replicates when expected
frequencies were < 5. The relationship between colony size, depth and its orientation
with respect to the substrate was explored by means of a correspondence analysis
performed with the R-language function ca which is available in the ca library (Nenadic¢
and Greenacre, 2007). Colony size and orientation were included as dummy (zero/one)
variables, while depth was coded as a fuzzy variable using four fuzzy categories (Asan
and Greenacre, 2011; Greenacre, 2013). The definition of the four fuzzy depth cate-
gories depends on the data set being analyzed. The mean depths in the four fuzzy
categories (D1 to D4) are as follows: for M. oculata in CCC, 194 m, 208 m, 260 m and
290 m; for M. oculata in LDC, 248 m, 264 m, 345m and 428 m; for L. pertusa in LDC,
289m, 344 m, 495m and 526 m. This allows the continuous variable depth to be in-
cluded with the other two categorical variables to explore their joint association in one
ordination plot.

3 Results

In a total of 4447 linear m of sea bottom explored in CCC, 790 colonies of Madrepora
oculata, 16 colonies of Lophelia pertusa, and 62 colonies of Dendrophyllia cornigera
were recorded in 7 of the 10 explored sites (Fig. 2, Table 1). M. oculata occurred in the
canyon from 180 to 320 m depth (Fig. 3). The few observed colonies of L. pertusa were
located in the same depth range as M. oculata, however most of them occurred in the
deeper part of this range (Fig. 3). Colonies of D. cornigera were observed from 160 to
300 m depth, with a dense patch located at 190 m depth (Fig. 3). In a total of 8362 linear
m of sea bottom explored in LDC, 555 colonies of M. oculata, 97 colonies of L. pertusa,
and 6 colonies of D. cornigera were recorded in 6 of the 8 explored sites (Fig. 2, Ta-
ble 1). M. oculata occurred from 220 to 380 m depth, with a few deeper colonies reach-
ing a maximum depth of 540 m (Fig. 3). Colonies of L. pertusa were mainly located
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from 320 to 380 m depth and from 500 to 540 m depth, with only some colonies occur-
ring in shallower areas (Fig. 3). The few observed colonies of D. cornigera occurred
between 220 and 260 m depth, with some deeper colonies located between 550 and
520 m depth (Fig. 3).

In the 7 sites where M. oculata was documented in CCC, its populations were mainly
dominated by medium and large colonies (Fig. 4). Skewness was significantly nega-
tive for two populations (T4 and T7), showing the dominance of the largest classes
(Table 2). Very large colonies were observed in 3 sites, being rather abundant in one
of them (T3) where they accounted for 14.5% of the colonies. Occurrence of small
colonies of M. oculata was variable among sites in CCC, and only in two populations
(T2 and T6) they represented more than 20 % of the colonies. On the other side, in the
6 sites where M. oculata was documented in LDC, its populations were mainly domi-
nated by medium colonies (Fig. 4), skewness was significantly negative for one popu-
lation (T14), and only one very large colony of M. oculata was observed (T16). Small
colonies accounted for more than 20 % of the colonies in 5 of the sites in LDC, and
dominated in one of them (T13) where they accounted for 69.7 % of the colonies. In the
two sites where L. pertusa was abundant, its populations were dominated by medium
and large or very large colonies (Fig. 4). In LDC, a massive coral framework structure
was observed (T16) on a vertical rocky wall with outcrops at 320—-330 m depth, faced to
10—-40° heading, and with an estimated length of approximately 20 m. This framework
was mainly composed by live L. pertusa (Fig. 5), with presence of some M. oculata
colonies, and was not considered in the size structure and colony orientation analyses
since it was not possible to determine the number of colonies forming the framework,
due to the entanglement of branches from different colonies.

In both canyons, colonies of M. oculata were mainly orientated at 90° with respect
to the rocky substrate, at all sites (Fig. 6, Table 2). In CCC, the rest of the colonies
were mainly orientated at 135° and 0°, and only few colonies were orientated at 180°
under rocky outcrops. In LDC the rest of the colonies were mainly orientated at 135°,
and only a small number of colonies were orientated at 180° and 0° with respect to the
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substrate. Colonies of L. pertusa were primarily orientated at 90° with respect to the
substrate, with the rest of the colonies mainly orientated at 0° (Fig. 6).

The correspondence analyses performed for the M. oculata colonies in both canyons
and L. pertusa in LDC are shown in Fig. 7. In CCC the largest size colonies of M.
oculata were preferentially orientated at 0° with respect to the substrate, and at shal-
lower depths, whereas the smallest colonies were preferentially orientated at 90° and
at deeper depths. In LDC, the relationship between depth and size was the opposite,
both for M. oculata and L. pertusa, with smaller colonies found in shallower depths
and larger colonies at deeper depths. As far as orientation is concerned, smaller and
medium colonies of M. oculata tended to be preferentially oriented to 180° and 135°,
while large colonies were oriented to 0°. These associations in LDC were similar for
L. pertusa, the only difference being that large colonies tended to be preferentially ori-
ented at 135°.

4 Discussion

In both canyons Madrepora oculata was the most abundant CWC species, while
Lophelia pertusa and Dendrophyllia cornigera were present with much lower abun-
dances. In CCC M. oculata was almost 45 fold more abundant than L. pertusa and 12
fold more than D. cornigera. Likewise in LDC M. oculata was almost 10 fold more abun-
dant than L. pertusa and 100 fold more than D. cornigera. This dominance of M. oculata
has already been documented also for the central Mediterranean (Taviani et al., 2005;
Freiwald et al., 2009; Vertino et al., 2010), but contrasts with the dominance of L. per-
tusain the north Atlantic CWC communities (e.g. Mortensen et al., 1995; Rogers, 1999;
Fossa et al., 2002; Roberts et al., 2009b). The factors determining these differences are
still unclear, but dominance of M. oculata in the Mediterranean Sea could be related
to its wider tolerance to environmental conditions (Weinberg et al., 2009). However,
the observation of an extensive coral framework mostly composed of live L. pertusa
colonies developing on a cliff in LDC (Fig. 5), demonstrates that CWC frameworks also
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occur in the Mediterranean Sea, even if maybe restricted to some locations, as the
canyon flanks, where even L. pertusa can find highly suitable environmental conditions
to develop. The L. pertusa framework documented in LDC was very similar to the one
recently observed on cliffs in the Whittard Canyon in the Bay of Biscay (Huvenne et al.,
2011).

Our results showed different bathymetrical distribution patterns of the three species.
A wide tolerance to environmental conditions could also explain the homogeneous
bathymetrical distribution of M. oculata in both canyons. Conversely, L. pertusa
colonies were larger and more abundant in deeper zones. Temperature constrains
might explain the deeper distribution of L. pertusa, which is considered to be exposed
to its maximal thermal tolerance in the Mediterranean Sea (Freiwald et al., 2009; Maier
et al., 2012). The shallower distribution of D. cornigera among CWC species was al-
ready documented in the Mediterranean Sea (Reyss, 1972-73) as well as in the north
Atlantic (Castric-Fey, 1996). These differences observed in the bathymetric distribution
patterns of the three CWC species studied might also explain the different abundances
of L. pertusa between canyons, which is biased due to the lack of investigations below
400 m depth in CCC. Hence, it would be worthwhile to explore the deeper areas of
CCQC, to verify if a higher abundance of L. pertusa exists deeper in the canyon as it oc-
curs in LDC. The bathymetrical distribution patterns of CWC in the studied canyons oc-
cur out of the optimal potential water density envelope as described Dullo et al. (2008),
as it has been also observed for CWC in the Whittard Canyon (Huvenne et al., 2011)
and in the Gulf of Mexico (Davies et al., 2010). Since the optimal density envelope has
been proposed as the responsible for food supply to L. pertusa colonies in the north-
east Atlantic (Dullo et al., 2008), the down slope transport processes that characterize
submarine canyons could explain the presence of CWC out of this density envelope
(Huvenne et al., 2011).

In both canyons, M. oculata and L. pertusa populations were dominated by medium
and large sized colonies. This size structure is considered as the result of past pulses
in recruitment (Grigg, 1977; Lasker, 1991), and has commonly been documented
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in deep-sea gorgonians (Mortensen and Buhl-Mortensen, 2005; Watanabe et al.,
2009), as well as in temperate and tropical gorgonian and scleractinian species (Ed-
munds, 2000; Harmelin and Garrabou, 2005; Linares et al., 2008). In some of these
species it has been shown that several years of extremely low recruitment rates al-
ternate with sporadic high recruitment peaks (Yoshioka, 1996; Hughes et al., 1999;
Edmunds, 2000; Garrabou and Harmelin, 2002; Bramanti et al., 2005). However, long-
lived species have been shown to be buffered against such fluctuations in recruitment
(Garrabou and Harmelin, 2002; Linares et al., 2007; Santangelo et al., 2007; Bramanti
et al., 2009), while the survival of large and high reproductive colonies is the key fac-
tor for population persistence (Gotelli, 1991; Lasker, 1991; Linares et al., 2007). Al-
though the lack of information on CWC reproductive ecology in Mediterranean Sea, the
observed abundance of small colonies indicates active recruitment in both canyons.
Based on the growth rates obtained in aquaria incubations, the small sized colonies
observed in this study might be 5-6 yr old (Orejas et al., 2008, 2011).

The preferential orientations with respect to the substrate (90° and 135°) of M. ocu-
lata and L. pertusa colonies in both canyons are probably related to the main currents
as well as to the sediment transported by them. These orientations of corals could rep-
resent a compromise between protection from the sediment, and exposure to the water
flow to ensure feeding. Thus the large amounts of sediments transported through the
canyons (Heussner et al., 2006; Palanques et al., 2006; Canals et al., 2009) may pre-
vent locations at 0° orientation (i.e., upright position), which is the most common orien-
tation in the north-east Atlantic CWC populations, where sedimentation levels are very
low (Mortensen et al., 2001). A 90° orientation is also frequent for the Mediterranean
red coral (Corallium rubrum) colonies in deep sublittoral (50—80 m) areas (Rossi et al.,
2008), while a dominance of upright (0°) orientated colonies has been documented
in CWC areas, where corals settle preferentially on the top of features or on the up-
current flank of elevations (Genin et al., 1986; Mortensen et al., 2001; Reed et al.,
2006; Freiwald et al., 2009; Vertino et al., 2010). In LDC the frequency of colonies with
upright orientation was slightly higher than in CCC, which might be related to the lower
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sediment flux observed in LDC compared to the CCC (Palanques et al., 2006, 2012;
Pasqual et al., 2010). On the other hand, the frequent 90° orientation of coral colonies
in both canyons might explain the observed low frequency of very large colonies, since
whenever a certain large size is exceeded, strong currents and the own weight of the
corals may detach or break down these larger colonies.

Overall, no clear differences were observed in the CWC populations located in CCC
and LDC, despite the main differences between canyons in terms of hydrodynamic
conditions and especially fluxes of particulate matter (Palanques et al., 2006, 2012;
Pasqual et al., 2010). This suggests that the particle flux in LDC, although lower than
in CCC, is probably large enough to ensure suitable environmental conditions for the
development of mature CWC populations. On the other hand, the lower sedimenta-
tion rates documented in LDC could act as a positive factor for the development of
the CWC communities, which are more affected in CCC by the very high sedimenta-
tion rates (Palanques et al., 2006). In a similar way, also the weaker currents docu-
mented in LDC could promote coral feeding, since slow flows (2.5cm s'1) were shown
to maximize capture rates in Lophelia pertusa (Purser et al., 2010). The higher fre-
quency of lost long lines fishing gears found in CCC with respect to LDC (Orejas et
al., 2009; Watremez, 2012) suggest that this canyon could be more affected by an-
thropogenic impacts. Long line fishing gears have been frequently observed entangled
in coral colonies, and this fisheries impact has already been recognized as a cause
of coral mortality (Hourigan et al., 2007; Orejas et al., 2009). Since protection mea-
surements are planned for both canyon heads in the near future (Madurell et al., 2012;
Watremez, 2012), a future comparison of CWC distribution patterns and population
structure with the results of this study will allow to assess recovery rates of CWC pop-
ulations, and to evaluate the effectiveness of the protection measures.
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Table 1. Location and characteristics of transects in the Cap de Creus Canyon (CCC) and
Lacaze-Duthiers Canyon (LDC); number of observed colonies is indicated for each species

and in each transect.

Canyon Transect Lenght Position Depth Madrepora Lophelia Dendrophyllia
(m) Start End (m, start-end) oculata pertusa  cornigera

Cap de Creus T 712 42°23.25'N, 3°19.00E  42°23.37'N, 3°18.83'E 240-185 113 2 12
Canyon (CCC) T2 388 42°22.71'N, 3°19.75'E  42°22.79'N, 3°19.73'E 325-279 134 4 3
T3 543 42°23.63'N, 3°18.90'E  42°23.47'N, 3°18.79'E 280-191 248 3 9

T4 316 42°23.38'N, 3°18.83'E  42°23.38'N, 3°18.84'E 186-190 118 0 22
T5 475 42°23.11'N, 3°19.15'E  42°23.24'N, 3°19.24'E 230-311 29 2 2
T6 642 42°21.41'N, 3°20.03'E  42°21.39'N, 3°20.04'E 243-235 20 1 4

T7 343 42°22.14'N, 3°20.28'E  42°22.27'N, 3°20.19'E 293-257 128 4 10
T8 321 42°23.10'N, 3°19.14'E  42°23.18'N, 3°18.87'E 220-150 0 0 0
T9 290 42°21.98'N, 3°21.47E  42°20.97'N, 3°21.58'E 390-376 0 0 0
T10 417 42°24.04'N, 3°19.48'E  42°24.08'N, 3°19.33'E 125-160 0 0 0
Lacaze-Duthiers Ti1 1124 42°32.73'N, 3°25.28'E  42°32.39'N, 3°24.84'E 537-199 14 21 1
Canyon (LDC) T12 152 42°34.98'N, 3°24.15'E  42°34.99'N, 3°24.14'E 276-271 97 4 2
T13 919 42°35.12'N, 3°23.26'E  42°34.88'N, 3°23.48'E 243-263 33 0 1
T14 62 42°35.08'N, 3°24.15'E  42°35.08'N, 3°24.15'E 250-253 139 0 1
T15 653 42°34.69'N, 3°24.33'E  42°34.91'N, 3°24.44'E 360-198 36 3 1
T16 1139 42°34.03'N, 3°23.94'E  42°33.68'N, 3°23.94'E 379-320 236 69 0
T17 1200 42°32.79'N, 3°26.07'E  42°33.14'N, 3°26.60'E 543-191 0 0 0
T18 3122 42°31.17'N, 3°26.49'E  42°31.35'N, 3°25.15'E 658-200 0 0 0
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Table 2. Skewness of the size structures, and chi-square test on colony orientation in the
studied populations of Madrepora oculata and Lophelia pertusa in the Cap de Creus Canyon
(CCC) and Lacaze-Duthiers Canyon (LDC); significant p-values are indicated with one (p-
value < 0.05), two (p-values < 0.01) or three asterisks (p-value < 0.001).

Canyon Species Transect Size structure Colony orientation
Skewness p-value Ve p-value
Cap de Creus Madrepora oculata T -0.43 0.2084 89.94 <0.001 ***
Canyon (CCC) T2 -0.04 0.8992 205.22 <0.001 ***
T3 0.07 0.7664 104.03 <0.001 ***
T4 -1.07 0.0052 ** 84.37 <0.001 **
T5 -0.18 0.7580 15.83 0.0012  **
T6 -0.06 0.9320 23.2 <0.001 **
T7 -1.32 <0.001 ** 39.25 <0.001 **
Lacaze-Duthiers Madrepora oculata T11 0.03 0.9781 42.00 <0.001 **
Canyon (LDC) T12 -0.16  0.6494 54.22 <0.001 **
T13 0.86 0.1585 36.21 <0.001 **
T14 -0.64 0.0486 * 96.02 <0.001 **
T15 0.23 0.6744 18.44 <0.001 **
T16 0.20 0.4042 168.78 <0.001 ***
Lophelia pertusa T -0.19 0.7738 25.67 <0.001 ***
T16 0.32 0.4463 23.58 <0.001 **
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Fig. 1. Bathymetric map and location of the study areas in the western sector of the Gulf
of Lions, showing the Cap de Creus Canyon (CCC) and the Lacaze-Duthiers Canyon (LDC).
The areas delimited with a dashed line correspond to coverage of the multibeam bathymetries
illustrated in Fig. 2.
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Fig. 2. Three-dimensional bathymetries illustrating the locations of the video tracks (T1 to T18)

in (a) the Cap de Creus Canyon (CCC) and (b) the Lacaze-Duthiers Canyon (LDC). Interactive Discussion
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Fig. 3. Bathymetrical distribution of the Madrepora oculata, Lophelia pertusa and Dendrophyllia
cornigera colonies in the Cap de Creus Canyon (CCC) and the Lacaze-Duthiers Canyon (LDC):
the black line indicates the number of colonies; gray-scale histograms represent the explored
sea bottom (m) over the studied bathymetrical range.
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Fig. 5. Massive coral framework structure observed on a vertical rocky wall with outcrops on the
southern flank of the Lacaze-Duthiers Canyon (LDC, T16) at 320-330 m depth, faced to 10—
40° heading, and with an estimated length of approximately 20 m. This framework was mainly
composed by live Lophelia pertusa, with presence of some Madrepora oculata colonies.
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Fig. 6. Orientation of the Madrepora oculata and Lophelia pertusa colonies with respect to the
substrate in the Cap de Creus Canyon (CCC) and the Lacaze-Duthiers Canyon (LDC).
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Fig. 7. Correspondence analysis showing the relationship between Madrepora oculata and
Lophelia pertusa colony size, depth and colony orientation with respect to the substrate in the
Cap de Creus Canyon (CCC) and the Lacaze-Duthiers Canyon (LDC). Samples are shown
by dots; the ordinal categories of size and depth are connected by solid and dashed lines

respectively.
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