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Abstract. Submarine canyons are known as one of theiment load transported by the current flows. In general, no
seafloor morphological features where living cold-water clear differences were observed in the abundance and in the
coral (CWC) communities develop in the Mediterraneansize structure of the CWC populations between CCC and
Sea. We investigated the CWC community of the two west-LDC, despite large differences in particulate matter between
ernmost submarine canyons of the Gulf of Lions canyoncanyons.
system: the Cap de Creus Canyon (CCC) and Lacaze-
Duthiers Canyon (LDC). Coral associations have been stud-
ied through video material recorded by means of a manned
submersible and a remotely operated vehicle. Video transecté  Introduction
have been conducted and analyzed in order to obtain infor-
mation on (1) coral bathymetric distribution and density pat- Continental margins are the most important areas within the
terns, (2) size structure of coral populations, and (3) coralocean in terms of terrigenous input, biogeochemical cycles
colony position with respect to the substrattadrepora oc-  and biological production (Walsh, 1991; Valiela, 1995; Levin
ulata was the most abundant CWC in both canyons, whileand Sibuet, 2012). Physical processes occurring at the shelf
Lophelia pertusaand Dendrophyllia cornigeramostly oc-  edge transfer water and particulate matter from the conti-
curred as isolated colonies or in small patches. An impor-nental shelf to the deep sea (Nittrouer and Wright, 1994),
tant exception was detected in a vertical cliff in LDC where and submarine canyons are the main transport pathways for
a largeL. pertusaframework was documented. This is the this transfer (Puig et al., 2003; Palanques et al., 2008; Hu-
first record of such an extendédpertusaframework in the  venne et al., 2011). Submarine canyons play a fundamen-
Mediterranean Sea. In both canyons coral populations weréal role in shelf-deep ocean exchanges reducing the time and
dominated by medium and large colonies, but the frequenthe distances covered by water masses, and consequently en-
presence of small-sized colonies also indicate active recruithancing the transfer of organic and inorganic sediments from
ment. The predominant coral orientation {%nhd 138) is shallow to deeper waters (Wktz, 2012). Canyons that extend
probably driven by the current regime as well as by the sed-across the continental shelf and approach the coast intercept
and transport down-slope the organic-matter-rich sediments
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transported along the inner shelf zon@ghez-Vidal et al.,  xoE
2009; Lo lacono et al., 2012). Given such enhancement of
trophic resources, canyons may harbour a significantly in-
creased biodiversity and biomass compared to the open slop:
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 Mediterranean Sea, is one of the areas o
the world’s oceans with the highest canyon density (Harris
and Whiteway, 2011; \litz, 2012). In the heads of some of
these canyons, well developed cold-water coral (CWC) com-
munities have been documented to occur on the rocky bot-
toms of the canyon flanks (Reyss, 1964a; Orejas et al., 2009
Watremez, 2012). The high structural heterogeneity originat-
ing from the growth of CWC provides a complex mosaic of
habitats, and promotes the presence of a highly diverse as g
sociated fauna (Henry and Roberts, 2007; Buhl-Mortensen 2 ﬁj
et al., 2010) since CWC can act as potential areas of refuge j S\ 12500 N
breeding and feeding for many deep-sea species, including
commercially important fish (Husebg et al., 2002; CostelloFig. 1. Bathymetric map and location of the study areas in the west-
et al., 2005; Ross and Quattrini, 2007; D’'Onghia et al., 2010;ern sector of the Gulf of Lions, showing the Cap de Creus Canyon
Baillon et al., 2012). (CCC) and the Lacaze-Duthiers Canyon (LDC). The areas delim-

Occurrence, distribution and abundance of CWC specieged with a (_Jlashed Iinfa cc_;rrespond to coverage of the multibeam
are strongly influenced by several abiotic factors such aé)athymetry'"usuated in Fig. 2.
seawater temperature and density, aragonite saturation state,

oxygen concentration, presence of appropriate substratum .
and water flow regimes (Dullo et al., 2008; Davies et al., dl, 2010). The same methodology was employed in both

2008: Orejas et al., 2009: Roberts et al., 2009a). Enhance anyons to compare: (1) the distribution of the CWC species,

flows prevent coral smothering by sediments, and play a cru- ) the size structure of the coral populations, and (3) the
cial role in food supply (Roberts et al., 2009b), which has relationships among coral colony size, depth and their posi-

. . ’ - tion with respect to the substrate. Moreover, since protection
been considered as one of the main governing factors in

CWC distribution (Frederiksen et al., 1992; Mortensen etmﬂe;;;rj”sev:lgl bezgf;-"\}vglt?g;g bzoérl]zt)h ethseturceilsjtga:)r;yti?ss
al., 2001; Kenyon et al., 2003; Thiem et al., 2006; Davies o ' ' .

. .. study will also represent a before-protection assessment for
et al., 2009). Each canyon presents unique characteristic y b b

(Wiurtz, 2012) with large differences in the sediment fluxes %rg?;g%nngrgg?sﬁgss aiming to evaluate the effectiveness of

and hydrodynamic features (Palanques et al., 2006; Canal% '

et al., 2009) that make the availability of food to CWC

largely variable among canyons. Such differences affect the paterials and methods

abundance and species composition of the fauna (Gili et al.,

2000), and could result in different suitability and stability of 2.1 Research areas and target species

coral habitats, hence inducing differences among their pop-

ulations. Both the environmental suitability and the stability The Gulf of Lions is a crescent-shaped continental mar-

of a habitat may be reflected in the distribution patterns ofgin, with a continental shelf width reaching a maximum of

coral colonies, as well as in the size structure of coral popu—~ 70 km. The shelf break is found at 120 m water depth

lations, because the size structure reflects the factors affecend the slope is incised by numerous submarine canyons

ing recruitment, growth, and mortality rates in a particular that extend down to the continental rise at more than 2000 m

habitat for a period of time equal to the longevity of the pop- water depth. CCC and LDC are the westernmost submarine

ulation (Grigg, 1975). canyons of the Gulf of Lions margin (Fig. 1, Table 1). High-
In this study, video analysis methods have been employedesolution multibeam bathymetry from the heads of both sub-

to compare the state of CWC populations in the Cap de Creumarine canyons was available and has been used in this study

Canyon (CCC) and Lacaze-Duthiers Canyon (LDC), in the(Fig. 2). CCC incises a narrow shel (L4 km), while at LDC

Gulf of Lions. Both canyons present well-developed CWC head region the shelf is wider35 km). The CCC axis has

communities, but differ in terms of main hydrodynamic fea- a northwest to southeast orientation and has a single canyon

tures and particulate fluxes (Palanques et al., 2006, 201%ead thalweg (Fig. 2a). The northern flank of the canyon dis-

Ogston et al., 2008; Sanchez-Vidal et al., 2009; Pasqual eplays a smooth morphology, with rounded gullies and scars;

Lacaze-Duthiers/ 20
Canyon (LDCY

Cap de Creus
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Table 1. Main morphological characteristics of the Cap de Creus and Lacaze-Duthiers submarine canyon heads.

Canyon Max. width ~ Min. depth  Min. distance Max. flank height Gradient range Average axis  Sinuosity
from the coast northern flank  southern flank  northern flank  southern flank gradient

Cap de Creus 7.4km 128 m 10km 450m 680m 6-24 8-22 2.0 1.01

Canyon (CCC)

Lacaze-Duthiers 7.5km 125m 30km 757m 688 m 10-20 9-25 2.3 1.03

Canyon (LDC)

a depositional regime prevails in this sector. In contrast, the N )

southern flank of the canyon is characterized by the preva-| |
o b o P A £
|
Depth (m) ‘ R <A'I.'6 ! .fT7} W
I 19 ] \

lence of hard rocky outcrops and steep walls, with a pre-
) \"f

dominantly 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 thell g ‘

. . . . 223 ¢ € 1
varying hydrodynamic regimes, with strong bottom currents [ ESEN \
and high suspended sediment loads associated with cascagiip
ing 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-
north-west to south-south-east orientation and has three mai
steep branches that converge~att00 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 thal- [y
weg up to~ 600 m width, showing a prevailing depositional [ 18
regime along the axis (Courp and Monaco, 1990). The south- pie

ern flank shows a regular aspect untib00 m depth, with 500
sub-vertical sectors, up to 25teep, and a general absence

of eLOSIVeﬂfe?(tures S#Clh as (;andsllde scars alnd gullies. ngfig. 2. Three-dimensional bathymetry illustrating the locations of
northern flank morphology denotes a more long-term antyq yigeo tracks (T1 to T18) ita) the Cap de Creus Canyon (CCC)

large-scale erosive regime, with retrograding scars reachingnq ) the Lacaze-Duthiers Canyon (LDC). The CCC bathymetry
the edge of the flank, and two well-developed tributary val-was acquired by Fugro Survey, AOA Geophysics and the Univer-
leys. Below the axis depth of 600 m the canyon flanks sitat de Barcelona in 2004 with the hull-mounted Kongsberg Sim-
show a clear asymmetry. The southern flank is less steepad EM300 30 kHz system, emitting 135 equidistant beams spaced
and displays a more complex morphology, alternating sub-every 1.0degrees. Data were processed using Kongsberg's NEP-
horizontal terraces to steep sectors with retrograding scar§UNE software, and gridded with a cell size of ¥d0m. The
and gullies. The northern flank, in contrast, is steeper and-DC bathymetry was acquired in 1997 by IFREMER (P. I. Serge
shows smooth and well-rounded landslide scars and less irES;rIEs)y\;,thg;nth:r:iltjtlill;r;i%gtebi;(;zg:;)aeggdsgﬁdlIf)lviiZleldSeZTezes
cised gullies. nghly en?rgetlc hydrodynamic and S'(adlmen_Data were processed using IFREMER’s CARAIBES software, and
tary processes, mainly linked to cold dense shelf water cas- . : .

. . ) . _gridded with a cell size of 2@ 20 m.
cading events, have been monitored in both canyons durin
the past decade. Observations documented similar tempera-
tures for both canyons{12°C), faster down-canyon current
velocities in CCC than in LDC (80 vs 60 cm), and higher  inated by the scleractinian coriladrepora oculatawhile
suspended sediment concentration§§ vs 9.4mgLl)and  the presence dfophelia pertusaandDendrophyllia cornig-
fluxes (52gm?s ! vs 5gnm2s71) in CCC than in LDC erais through isolated colonies or small patches (Orejas et
head, indicating that the CCC acts as a preferential conal., 2009; Watremez, 2012).
duit of dense shelf waters and associated suspended parti- M. oculatahas polyps of 3-5 mm in diameter (Zibrow-
cles towards the slope region (Palanques et al., 2006, 2012us, 1980), and forms colonies of more than 50 cm in height
Ogston et al., 2008). The presence of CWCs in CCC andSanfilippo et al., 2012); it has been found at depths of
LDC has been previously documented (Pruvot, 1895; Reyss55—-1950 m (Zibrowius, 1980).. pertusahas polyps of ap-
1964b, 1972-1973; ées and Piccard, 1964; Reyss and proximately 10 mm in diameter, and forms colonies of more
Soyer, 1965). In both canyons these communities are domthan 130 cm in height (Gass and Roberts, 2006), which can

www.biogeosciences.net/10/2049/2013/ Biogeosciences, 10, 20882013
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build reefs as high as 33 m (Mortensen et al., 2001); it hasvere analyzed in terms of descriptive statistics using the
been found at depths of 40—-3000 m (Zibrowius, 1980; &oss skewness of the distribution calculated with the R language
et al., 2002; Cairns, 2007D. cornigerahas large polyps of function agostino.test, which is available in the moments li-
20—-40 mm in diameter, and forms colonies more than 50 cnbrary (Komsta and Novomestky, 2012). Skewness is a mea-
in height (Brito and Odaa, 2004); it can be found at depths sure of the symmetry of a distribution using its mean; if
of 200—-800 m (Zibrowius, 1980), but locally as shallow as skewness is significant, the distribution is asymmetric. Pos-

30 m (Castric-Fey, 1996). itive skewness indicates the prevalence of small size classes
in the population, whereas negative skewness indicates the
2.2 Video surveys and analyses dominance of large size classes. The frequency of the ori-

entation of the colonies was tested in each site by means
Video surveys in CCC were conducted in September 2007%f a chi-square test performed with the R language function
with the manned submersible JAGO (400 m operation depthghisg.test, with simulated value calculated by Monte Carlo
equipped with a 1080 horizontal lines colour video camera,simulation based on 9999 replicates when expected frequen-
and a pair of parallel laser pointers mounted 50 cm apart)cies were< 5. The relationship between colony size, depth
Video surveys in LDC were conducted in November 2008 and its orientation was explored by means of a correspon-
and June 2009 by the remotely operated vehicle (ROV) Sudence analysis performed with the R language function ca,
per Achille (800 m operation depth, equipped with a 700 which is available in the ca library (Nen&dand Greenacre,
horizontal lines resolution colour video camera, and a pair2007). Colony size and orientation were included as dummy
of parallel laser pointers mounted 6 cm apart). A total of (zero/one) variables, while depth was coded as a fuzzy vari-
10 dives were carried out in the upper CCC head (Fig. 2a)able using four fuzzy categories (Asan and Greenacre, 2011,
whereas a total of 8 dives were carried out in the upper LDCGreenacre, 2013). The definition of the four fuzzy depth cat-
head (Fig. 2b). All video material was recorded on video egories depends on the data set being analysed. The mean
tapes, and transferred to hard disk prior to the analysis. Thelepths in the four fuzzy categories (D1 to D4) are as follows:
video analysis was carried out with Final Cut software (Ap- for M. oculatain CCC, 194 m, 208 m, 260 m and 290 m; for
ple). The pair of parallel laser pointers allowed demarcationM. oculatain LDC, 248 m, 264 m, 345m and 428 m; for
of 1.5m-wide observation transects along the path of each.. pertusain LDC, 289 m, 344 m, 495m and 526 m. This
dive. All live colonies of the studied coral species appearingallows the continuous variable depth to be included with the
within the 1.5 m-wide observational transects were countedther two categorical variables to explore their joint associa-
and their depth recorded, following Orejas et al. (2009) andtion in one ordination plot.
Gori et al. (2011). Furthermore, colony size and position
with respect to the substrate were recordedMbroculata
and L. pertusa Colony size was determined by means of
the two parallel laser beams and classified into four cate3 Results
gories: small (colonies with one or a few branches), medium
(colonies presenting a diameter between 10 and 20 cm), largA total of 4447 linear m of sea bottom have been explored in
(diameter between 20 and 40cm), or very large (diametetCCC, in which a total of 790 colonies Madrepora oculata
larger than 40 cm); we assume a precision of these measurd6 colonies ofLophelia pertusaand 62 colonies oDen-
ments of-2 cm. Colony position with respect to the substrate drophyllia cornigerawere recorded in 7 of the 10 explored
was classified into four categories according to their loca-sites (Fig. 2, Table 2)M. oculataoccurred in the canyon
tion and orientation: on top of rocky boulders, facing straight from 180 to 320 m depth (Fig. 3). The few observed colonies
up (0), perpendicular to vertical rocky walls (99 on the  of L. pertusawere located in the same depth rangdlascu-
edge or rocky outcrops, facing downwards (13&nd below  lata, however most of them occurred in the deeper part of this
rocky outcrops, facing downwards (190following Rossiet  range (Fig. 3). Colonies d@. cornigerawere observed from

al. (2008). 160 to 300 m depth, with a dense pateh1(0 colonies m?)
entirely composed by colonies with a single polyp, located at
2.3 Data analysis 190 m depth (Fig. 3). A total of 8362 linear m of sea bottom

have been explored in LDC, in which a total of 555 colonies
All computations were performed using the R packageof M. oculatg 97 colonies ofL. pertusa and 6 colonies
(R Core Development Team, 2012). The bathymetrical dis-of D. cornigerawere recorded in 6 of the 8 explored sites
tributions of the three coral species in the canyons were defFig. 2, Table 2).M. oculataoccurred from 220 to 380m
termined based on the recorded depth of each of the obdepth, with a few deeper colonies reaching a maximum depth
served coral colonies. The size structures and the orientasf 540 m (Fig. 3). Colonies df. pertusawere mainly located
tion of the colonies oM. oculataandL. pertusawere de-  from 320 to 380 m depth and from 500 to 540 m depth, with
termined in all the explored sites where the species werenly some colonies occurring in shallower areas (Fig. 3). The
sufficiently abundant (Fig. 2, Table 1). The size structuresfew observed colonies @. cornigeraoccurred between 220

Biogeosciences, 10, 2042060 2013 www.biogeosciences.net/10/2049/2013/
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Fig. 3. Bathymetrical distribution of th#ladrepora oculatalophelia pertusa and Dendrophyllia cornigecalonies in the Cap de Creus
Canyon (CCC) and the Lacaze-Duthiers Canyon (LDC): the black line indicates the number of colonies; grey-scale histograms represent the
explored sea bottom (m) over the studied bathymetrical range.

Table 2. 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 Length Position Depth  Madrepora oculata Lophelia pertusa  Dendrophyllia cornigera
(m) Start End (m, start—end)

Cap de Creus T1 712 423.28N,3°19.00E 42°23.37N, 3°18.83E 240-185 113 2 12

Canyon (CCC) T2 388 422.7IN,3°19.73E 42 22.79N, 3°19.73E 325-279 134 4 3
T3 543 4223.63N,3°18.90E 42°23.47N,318.79E 280-191 248 3 9
T4 316 4223.38N,3°18.83E 42°23.38N, 3°18.84E 186-190 118 0 22
T5 475 4223.1IN, 3°19.18E 42°23.24N, 3°19.24E 230-311 29 2 2
T6 642 4221.4IN,3°20.03E 4221.39N, 3°20.04E 243-235 20 1 4
T7 343 4222.14N,320.28E 42°22.27N, 320.19E 293-257 128 4 10
T8 321 4223.10N,319.14E 42°23.18N, 3°18.87E 220-150 0 0 0
T9 290 4221.98N,3°21.47E 4220.97N,321.58E 390-376 0 0 0
T10 417 4224.04N,319.48E 42°24.08N, 3°19.33E 125-160 0 0 0

Lacaze-Duthiers  T11 1124 222.73N, 3P25.28E  42°32.39N, 3°24.84E 537-199 14 21 1

Canyon (LDC) T12 152 42B4.98N,324.18E 42°34.99N, 3°24.14E 276-271 97 4 2
T13 919 4235.12N,3°23.26E  42°34.88N, 3°23.48E 243-263 33 0 1
T14 62 4235.08N,3°24.18E 42°35.08N, 3°24.18E 250-253 139 0 1
T15 653 4234.69N, 3°24.33E  4234.9IN, 3°24.44E 360-198 36 3 1
T16 1139 4234.03N,3°23.94E 42°33.68N, 3°23.94E 379-320 236 69 0
T17 1200 4232.79N,3°26.07E 42°33.14N, 3°26.60E 543-191 0 0 0
T18 3122 4231.17N,3°26.49E 42°31.385N, 3°25.18E 658-200 0 0 0

and 260 m depth, with some deeper colonies located betweewhere they accounted for 14.5 % of the colonies. Occurrence
550 and 520 m depth (Fig. 3). of small colonies oM. oculatawas variable among sites in
In the 7 sites wher#&l. oculatawas documented in CCC, CCC, and only in two populations (T2 and T6) they repre-

its populations were mainly dominated by medium and largesented more than 20 % of the colonies. On the other side,
colonies (Fig. 4). Skewness was significantly negative forin the 6 sites wherdl. oculatawas documented in LDC,
two populations (T4 and T7), showing the dominance of theits populations were mainly dominated by medium colonies
largest classes (Table 3). Very large colonies were observe(Fig. 4), skewness was significantly negative for one popu-
in 3 sites and were rather abundant in one of them (T3)/Jation (T14), and only one very large colony BF. oculata

www.biogeosciences.net/10/2049/2013/ Biogeosciences, 10, 20882013
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Table 3. Skewness of the size structures, and chi-square test on colony orientation in the studied populiadepbra oculateand
Lophelia pertusan the Cap de Creus Canyon (CCC) and Lacaze-Duthiers Canyon (LDC); significaaities are indicated with one
(p value< 0.05), two {p value< 0.01), or three asteriskg (value< 0.001).

Canyon Species Transect Size structure Colony orientation
Skewness p value XZ p value
Cap de Creus  Madrepora oculata T1 —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 T11 -0.19 0.7738 25.67 <0.001 ***
T16 0.32 0.4463 23.58 <0.001 ***
Madrepora oculata Lophelia pertusa
100 A 9
80 1
g 60 1
“% 40 4
20 1 I 1
0 ‘ ‘ ‘ I _m = I ‘ L ]
T1 T2 T3 T4 T5 T6 T7 T11 T12 T13 T14 T15 T16 T11 T16
Cap de Creus Canyon (CCC) Lacaze-Duthiers Canyon (LDC)
Small colonies . Large colonies
Medium colonies . Very large colonies

Fig. 4. Size—frequency distribution dfladrepora oculataand Lophelia pertusgpopulations in the Cap de Creus Canyon (CCC) and the
Lacaze-Duthiers Canyon (LDC).

was observed (T16). Small colonies accounted for more than In both canyons and at all sites, colonieshéf oculata
20 % of the colonies in 5 of the sites in LDC, and dominatedwere mainly orientated at 9qFig. 6, Table 3). In CCC the
in one of them (T13), where they accounted for 69.7 % ofrest of the colonies were mainly orientated at 13%d O,

the colonies. In the two sites wheke pertusawas abun-  and only few colonies were orientated at 1&0hder rocky
dant, its populations were dominated by medium and large ooutcrops. In LDC the rest of the colonies were mainly ori-
very large colonies (Fig. 4). In LDC a massive coral frame- entated at 135 and only a small number of colonies were
work structure was observed (T16) on a vertical rocky wall orientated at 180and @. Colonies ofL. pertusawere pri-
with outcrops at 320-330 m depth, faced to 10-d8ading, = marily orientated at 90 with the rest of the colonies mainly
and with an estimated length of approximately 20 m. Thisorientated at ©(Fig. 6).

framework was mainly composed by lite pertusa(Fig. 5), The correspondence analyses performed forMhecu-
with presence of somid. oculatacolonies, and was not con- lata colonies in both canyons ard pertusain LDC are
sidered in the size structure and colony orientation analyseshown in Fig. 7. In CCC the largest size coloniesvbfoc-
since it was not possible to determine the number of coloniesilata were preferentially orientated af,0and at shallower
forming the framework due to the entanglement of brancheslepths, whereas the smallest colonies were preferentially ori-
from different colonies. entated at 90and at deeper depths. In LDC the relationship

Biogeosciences, 10, 2042060 2013 www.biogeosciences.net/10/2049/2013/
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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 10-4@ading, and with an estimated length of approximately 20 m. This framework
was mainly composed of liveophelia pertusawith presence of somdadrepora oculataolonies.
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Fig. 6. Orientation of theMadrepora oculataandLophelia pertusacolonies in the Cap de Creus Canyon (CCC) and the Lacaze-Duthiers

Canyon (LDC).

between depth and size was the opposite, botiMfoocu-

inance ofL. pertusain the North Atlantic CWC communi-

lata andL. pertusawith smaller colonies found in shallower ties (e.g. Mortensen et al., 1995; Rogers, 1999; &essl.,
depths and larger colonies at deeper depths. As far as orier2002; Roberts et al., 2009b). The factors determining these

tation is concerned, smaller and medium colonieMobc-
ulata tended to be preferentially oriented at 2&hd 135,

differences are still unclear, but dominance Mf oculata
in the Mediterranean Sea could be related to its wider tol-

while large colonies were oriented &t @hese associations erance to environmental conditions (Wienberg et al., 2009).

in LDC were similar forL. pertusa the only difference be-

However, the observation of an extensive coral framework

ing that large colonies tended to be preferentially oriented amostly composed of live. pertusacolonies developing on

135.

4 Discussion

In both canyonsMadrepora oculatawas the most abun-
dant CWC species, whileophelia pertusaandDendrophyl-

a cliff in LDC (Fig. 5) demonstrates that CWC frameworks
also occur in the Mediterranean Sea, even if maybe restricted
to certain locations, such as the canyon flanks, where even
L. pertusacan find highly suitable environmental conditions
to develop. The.. pertusaframework 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.,

lia cornigerawere present with much lower abundances. In2011), although the extent of tHe pertusaframework in
CCC M. oculatawas almost 45 fold more abundant than | pc is 2 orders of magnitude smaller than in the Whittard
L. pertusaand 12 fold more thaiD. cornigera Likewise,  canyon (Huvenne et al., 2011). Moreoverpertusaframe-

in LDC M. oculatawas almost 10 fold more abundant than yyorks up to 5m in extent were also observed in the Santa
L. pertusaand 100 fold more thaD. cornigera.This dom-  \aria di Leuca CWC province, in the central Mediterranean
inance ofM. oculatahas already been documented also for (vertino, personal communication, 2013).

the central Mediterranean (Taviani et al., 2005; Freiwald et

al., 2009; Vertino et al., 2010), but contrasts with the dom-
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Madrepora oculata Madrepora oculata Lophelia pertusa
Cap de Creus Canyon (CCC) Lacaze-Duthiers Canyon (LDC) Lacaze-Duthiers Canyon (LDC)
very 180° “

dimension 2
dimension 2
dimension 2

dimension 1 dimension 1 dimension 1

Fig. 7. Correspondence analysis showing the relationship betMeaghepora oculateandLophelia pertusaolony size, colony orientation
and depth in the Cap de Creus Canyon (CCC) and the Lacaze-Duthiers Canyon (LDC). Samples are shown by dots; the ordinal categories o
size and depth (increasing from D1 to D4) are connected by solid and dashed lines, respectively.

Our results showed different bathymetrical distribution east Atlantic (Dullo et al., 2008), the downslope transport
patterns of the three species, which are all present from shalprocesses that characterize submarine canyons could explain
lower depths{ 180 m depth) in CCC than in LDC{220m  the presence of CWC out of this density envelope (Huvenne
depth). A wide tolerance to environmental conditions couldet al., 2011).
also explain the shallower distribution bf. oculatain both In both canyonsM. oculataandL. pertusapopulations
canyons, with high abundances mainly between 180 andvere dominated by medium- and large-sized colonies. This
360 m depth. Although, its colonies were larger in the shal-size structure is considered as the result of past pulses in re-
lower zone of this depth range in the CC€200 m depth), cruitment (Grigg, 1977; Lasker, 1991), and has commonly
while they were larger in the deeper zone of this range in thebeen documented in deep-sea gorgonians (Mortensen and
LDC (~ 340 m depth). Conversely, pertusacolonies were  Buhl-Mortensen, 2005; Watanabe et al., 2009), as well as in
larger and more abundant in deeper zones. Temperature cotemperate and tropical gorgonian and scleractinian species
straints might explain the deeper distributionlofpertusa (Edmunds, 2000; Harmelin and Garrabou, 2005; Linares
which is considered to be exposed to its maximal thermalet al., 2008). In some of these species it has been shown
tolerance in the Mediterranean Sea (Freiwald et al., 2009that several years of extremely low recruitment rates al-
Maier et al., 2012). The shallower distributiondf cornig- ternate with sporadic high recruitment peaks (Yoshioka,
era among CWC species was already documented in thel996; Hughes et al., 1999; Edmunds, 2000; Garrabou and
Mediterranean Sea (Reyss, 1972-1973) as well as in thélarmelin, 2002; Bramanti et al., 2005). However, long-lived
North Atlantic (Alvarez-Claudio, 1994; Castric-Fey, 1996; species have been shown to be buffered against such fluctua-
Brito and Océa, 2004; Reveillaud et al., 2008). These differ- tions in recruitment (Garrabou and Harmelin, 2002; Linares
ences observed in the bathymetric distribution patterns of theet al., 2007; Santangelo et al., 2007; Bramanti et al., 2009),
three CWC species studied might also explain the differentwhile the survival of large and high reproductive colonies
abundances df. pertusabetween canyons, which is biased is the key factor for population persistence (Gotelli, 1991,
due to the lack of investigations below 400 m depth in CCC.Lasker, 1991; Linares et al., 2007). Although there is a lack
Hence, it would be worthwhile to explore the deeper areas obf information on CWC reproductive ecology in Mediter-
CCC in order to verify if a higher abundance lofpertusa  ranean Sea, the observed abundance of small colonies in-
exists deeper in the canyon as it occurs in LDC. The bathy-dicates active recruitment in both canyons. Based on the
metrical distribution patterns of CWC in the studied canyonsgrowth rates obtained in aquaria incubations, the small-sized
occur out of the optimal potential water density envelope, ascolonies observed in this study might be 5-6 yr old (Orejas
described by Dullo et al. (2008), which has been also ob-et al., 2008, 2011).
served for CWC in the Whittard Canyon (Huvenne et al., The preferential orientations (9@nd 1353) of M. oculata
2011) and in the Gulf of Mexico (Davies et al., 2010). Since andL. pertusacolonies in both canyons are probably related
the optimal density envelope has been proposed to increasé the main currents as well as to the sediment transported by
through supporting the formation of intermediate nepheloidthem. These orientations of corals could represent a compro-
layers, food availability foL. pertusacolonies in the north-  mise between protection from the sediment, and exposure to
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the water flow to ensure feeding. Thus, the large amounts ocientific team onboard th#inibex during the MEDSEACAN
sediments transported through the canyons (Heussner et akampling cruises; without their help it would not have been
2006; Palanques et al., 2006; Canals et al., 2009) may preRossible to carry out the field work. This work was funded
vent locations at ©orientation (i.e. upright position), which Py the European project LIFEINDEMARES “Inventario y
is the most common orientation in the north-east Atlantic désignadn de la red natura 2000 eareas marinas del estado

CWC populations, where sedimentation levels are very lowSSP®0" (LIFEO7/NAT/E/000732), and HERMIONE (Grant

. S Agreement Number 226354), the Spanish project DEEP CORAL
EMOLtensegl etal, 2001)d A Q;II)rlerlllt.atlon Ig’ also frlquent (CTM2005-07756-C02-02/MAR), the Acciones Complementarias
or the Mediterranean red coral¢rallium rubrum colonies  c1yp005.24174-E, CTM2006- 27063-E/MAR, CTM2007-

in deep sublittoral (50—80 m) areas (Rossi et al., 2008), while;g758.F/MAR), and the Agence des Aires Marines &gpes

a dominance of upright Q orientated colonies has been (AAMP) for organizing and financing the MEDSEACAN cruises.
documented in CWC areas, where corals settle preferentially. G., C. 0., T. M. and C. L. I. were supported by I3P and JAEDOC
on the top of features or on the up-current flank of eleva-contract of the Consejo Superior de Investigaciones Cientificas.
tions (Genin et al., 1986; Mortensen et al., 2001; Reed et al.,

2006; Freiwald et al., 2009; Vertino et al., 2010). In LDC the Edited by: A. Freiwald

frequency of colonies with upright orientation was slightly

higher than in CCC, which might be related to the lower sedi-

ment flux observed in LDC compared to the CCC (Palanqueggferences

et al., 2006, 2012; Pasqual et al., 2010).

Overall, no clear differences were observed in the abun-yarez-Claudio, C.: Deep-water Scleractinia (Cnidaria Anthozoa)
dance of CWC, as well as in their population structure from southern Biscay Bay, Cah. Biol. Marr., 35, 461—469, 1994.
in CCC and LDC, despite the main differences betweenAsan, Z. and Greenacre, M.: Biplots of fuzzy coded data, Fuzzy Set.
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fluxes of particulate matter (Palanques et al., 2006, 2012Baillon, S., Hamel, J. F., Wareham, V. E., and Mercier, A.: Deep
Pasqual et al., 2010). This suggests that the particle flux in cold-water corals as nurseries for fish larvae, Front. Ecol. Envi-
LDC, although lower than in CCC, is probably large enough  on., 10, 351-356, 2012. .
to ensure suitable environmental conditions for the developBramanti, L., Magagnini, G., De Maio, L., and Santangelo, G.: Re-
ment of mature CWC populations. On the other hand, the cruitment, t_aarly survival and growth of the Mediterranean red
lower sedimentation rates documented in LDC could act as coral Corallium rubrum(L, 1758), a 4-year study, J. Exp. Mar.

o . Biol. Ecol., 314, 69-78, 2005.
a positive factor for the development of the CWC communi- Bramanti, L., Santangelo, G., and lannelli, M.: Mathematical mod-

ties, which are more affected in CCC by the very high sed-  ¢jing for conservation and management of gorgonians corals:

imentation rates (Palanques et al., 2006). In a similar way, young and olds, could they coexist?, Ecol. Model., 20, 2851
also the weaker currents documented in LDC could promote 2856, 2009.

coral feeding, since slow flows (2.5 cmjs were shown to  Brito, A. and Océia, O.: Corales de las islas Canarias, in: Anto-
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et al., 2010). The higher frequency of lost long-line fishing by: Lemus, F., La Laguna, 2004
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