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ARTICLE INFO ABSTRACT

Keywords: Coralligenous reefs are the main biogenic constructions of the Mediterranean Sea and they are considered in-

ESCA and CBQI indices dicators of the ecological quality of coastal systems and of “seafloor integrity” by the Marine Strategy Framework

Spatial variability Directive. The two main coralligenous morphologies are the cliffs and platforms, the former developing in

Corall}genous pl?tforms shallow waters (about 20-50 m) on vertical/subvertical rocky substrate and the latter built over horizontal

Coralligenous cliffs . . A

Mediterranean Sea substrates below 50 m depth also on detritic bottoms. The present study aims at assessing whether patterns of
spatial variability and ecological quality of the coralligenous cliff assemblages reflect those of platform assem-
blages. At this aim, six geographic areas around Sardinia (western Mediterranean, Italy) were considered and,
within each area, the structure of both the coralligenous cliffs and platforms was investigated by SCUBA and ROV
methods, and their ecological quality was assessed by ESCA and CBQI indices, respectively. Overall, 20
morphological groups (seven macroalgae and thirteen invertebrates) were found but differences in community
structure were evident both spatially and between systems, platforms vs cliffs. In fact, spatial variability in as-
semblages structure changed between the two morphologies across the areas. Moreover, a different spatial
pattern in the ecological quality was found between platform and cliff assemblages. The results of the present
study corroborate the individual peculiarity of coralligenous platforms and cliffs, highlighting the importance of
the concurrent assessment of both systems in monitoring programs..

1. Introduction the seascape (Fox, 2005). The most evident examples of bio-
constructions are tropical coral reefs, although biogenic habitats occur

Marine bioconstructions are permanent structures created by living in all marine environments and represent key ecosystems providing
benthic organisms that provide secondary substrates increasing the main biological, ecological, climatic, and socioeconomic services

volume, complexity and heterogeneity of their habitat and modifying (Kruzic, 2014; Ingrosso et al., 2018).
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L. Piazzi et al.

In the Mediterranean Sea, coralligenous reefs are the main biogenic
constructions which consist of endemic carbonatic bioherms with
thickness ranging from a few centimeters to over 2 m and derive from
multilayer calcium carbonate depositions, mostly due to the activities of
some coralline macroalgae adapted to low light conditions (Ballesteros,
2006). They are among the most threatened habitats in the Mediterra-
nean Sea, being characterized by the presence of organisms highly
sensitive to human pressures (Piazzi et al., 2012; Gatti et al., 2015b;
Betti et al., 2020). Coralligenous reefs are habitats of European Com-
munity interest (E.C., 1992) due to their extension, biodiversity, role in
the balance of CO2 and ecological services they provide for fisheries and
tourism, together with their sensitivity to human pressures (Tribot et al.,
2016; UNEP, 2017; Thierry de Ville d’Avray et al., 2019).

Coralligenous bioconstructions are threatened mostly by pollution,
eutrophication, alien species and climate change (Piazzi et al., 2012;
Gori et al., 2017); moreover, fishing activities are relevant stressors that
lead to structural and functional changes at ecosystem level (Betti et al.,
2020; Rendina et al., 2020). Fishing gear, in particular nets and long-
lines, could have a strong impact on benthic communities, directly by
entangling and damaging the tissue of the erect organisms (Angiolillo
et al.,, 2015; Giusti et al., 2019) and indirectly by increasing water
turbidity and sediment accumulation (Althaus et al., 2009; Buhl-
Mortensen and Buhl-Mortensen, 2018).

Recently, coralligenous reefs have been considered as indicators of
the ecological quality of coastal systems and of “seafloor integrity” by
the Marine Strategy Framework (MFSD, E.C. 2008). However, the use of
coralligenous reefs as ecological indicator is complicated by the
complexity of this habitat. In fact, coralligenous reefs are characterized
by many different communities lumped together by a dynamic equi-
librium between bioconstruction and biodestruction (Ingrosso et al.,
2018) and may develop between 20 and 150 m of depth on both vertical
walls and horizontal bottoms (Ballesteros, 2006). Several coralligenous
morphologies have been described (Bracchi et al., 2017; Montefalcone
et al.,, 2021); the two main types are cliffs and platforms, the former
developing in shallower waters (about 20-50 m) on vertical/subvertical
rocky substrate and the latter built over horizontal substrates below
40-50 m depth, also on detritic bottoms (Laborel, 1987; Ballesteros,
2006).

The heterogeneity of coralligenous reef systems makes it difficult to
identify univocal threats, methods of study, and ecological indicators.
After an early phase of monitoring within the MSFD program, different
methodological approaches have been considered depending on the type
of coralligenous assemblage (UNEP, 2019). In fact, coralligenous cliffs
were sampled mostly by SCUBA divers, with both visual and photo-
graphic techniques (Piazzi et al., 2019b), while ROVs (Remotely Oper-
ated Vehicles) were usually utilized for coralligenous platforms
(Canovas-Molina et al., 2016; Ferrigno et al., 2018a; Piazzi et al.,
2019c). Several indices have been developed to score the community
quality of coralligenous cliffs: COARSE (Coralligenous Assessment by
ReefScape Estimate, Gatti et al., 2012, 2015a) is based on a landscape
approach, CAI (Coralligenous Assemblages Index, Deter et al., 2012),
ESCA (Ecological Status of Coralligenous Assemblages, Cecchi et al.,
2014; Piazzi et al.,, 2021b) and ISLA (Integrated Sensitivity Level of
coralligenous Assemblages, Montefalcone et al., 2017) are based on a
biocenotic approach, and INDEX-COR integrates the aforementioned
approaches (Sartoretto et al., 2017). To assess the status of mesophotic
coralligenous megabenthic assemblages, MAES (Mesophotic Assem-
blages Ecological Status index, Canovas-Molina et al., 2016), CBQI
(Coralligenous Bioconstruction Quality Index, Ferrigno et al., 2017) and
MACS (Mesophotic Assemblages Conservation Status, Enrichetti et al.,
2019b) indices have been elaborated on the basis of ROV photography
and video footage.

The ecological quality of both cliff (Deter et al., 2012; Gatti et al.,
2012, 2015a; Cecchi et al., 2014; Montefalcone et al., 2017; Piazzi et al
2021b, Sartoretto et al., 2017) and platform (Canovas-Molina et al.,
2016; Ferrigno et al., 2017, 2018a, Enrichetti et al., 2019b)
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Fig. 1. Map of Sardinia with the study areas: Catalano = CAT, Bosa = BOS,
Alghero = ALG, Asinara = ASI, Capo Testa = CTE and Tavolara = TAV. The
depth range of coralligenous platform surveys is reported for each area.

coralligenous assemblages has been evaluated in many Mediterranean
areas. However, these two main coralligenous systems have never been
concurrently studied, likely due to their spatial segregation and the
different methods employed. This gap of knowledge needs to be filled by
comparing the responses of each system to human pressures and thus
giving an exhaustive assessment of the ecological status of any single
geographic area (Borja et al., 2009).

The present study aims at assessing whether patterns of spatial
variability and ecological quality of the coralligenous cliff reflect those
of platform assemblages. At this aim, six geographic areas around Sar-
dinia (western Mediterranean, Italy) were considered and, within each
area, the structure of both coralligenous cliffs and platforms were
investigated by SCUBA and ROV methods, respectively. The ecological
quality of the cliff and platform assemblages was assessed by ESCA and
CBQI index, respectively. We tested the hypothesis that cliffs and plat-
forms may independently respond to anthropogenic pressures and,
consequently, different ecological quality responses can be highlighted
within the same area depending on the system considered.

2. Materials and methods
2.1. Study areas and field sampling

This study was performed in Sardinia (Italy, Western Mediterranean
Sea) where coralligenous platforms develop on a surface of several
hundreds of km? between 50 and 170 m of depth (De Falco et al., 2022).
Six areas (Catalano = CAT, Bosa = BOS, Alghero = ALG, Asinara = AS],
Capo Testa = CTE and Tavolara = TAV) were selected (Fig. 1); each of
them corresponds to about 25 km of coastline. All areas are character-
ized by low human pressure (Piazzi et al., 2021a) and only BOS does not
include a Marine Protected Area (MPA) in the coastal zone. In each area,
both coralligenous platforms (60-110 m of depth, Fig. 1) and cliffs (35 m
of depth) were sampled. The distance from the coast of coralligenous
platforms varied between 6 and 12 km.

Coralligenous platforms were sampled through Remote Operated
Vehicle (ROV) surveys performed between 2014 and 2020. ROVs were
equipped with a high-resolution camera and an acoustic positioning
system for geo-localization of the video images. The ROV moved along
linear tracks, in continuous recording mode, at constant slow speed
(<0.3ms™ 1) and at a constant height from the bottom (<1.5 m). In each
area three sites were randomly selected at a distance from the coast
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Table 1
Mean percent cover of morphological groups on coralligenous platform and cliff.
platform cliff

morphological groups CAT BOS ALG ASI CTE TAV CAT BOS ALG ASI CTE TAV
Macroalgae
encrusting Rhodophyta 85.27 93.00 77.67 70.97 47.72 58.80 48.76 47.57 72.25 57.36 78.37 61.27
erect Rhodophyta 0.00 0.00 0.00 0.00 23.02 9.75 10.70 5.12 2.82 2.98 0.16 3.07
encrusting Chlorophyta 0.00 0.00 0.00 0.00 0.80 0.40 0.90 0.56 2.20 1.11 1.29 0.85
erect Chlorophyta 0.00 0.00 0.00 0.00 16.58 4.35 2.48 1.78 4.75 1.08 2.50 8.81
encrusting Ochrophyta 0.00 0.00 0.00 0.00 0.00 0.00 0.18 1.26 0.82 0.13 0.08 0.11
erect Ochrophyta 0.00 0.00 0.00 0.00 0.00 0.00 18.74 28.12 7.24 17.88 0.15 1.40
algal turf 0.00 0.00 0.00 0.00 0.00 0.00 4.9 4.65 1.73 4.25 3.43 9.44
Sessile invertebrates
encrusting sponges 0.52 0.47 0.47 0.58 1.92 4.75 9.78 7.98 4.88 9.85 6.88 6.06
massive sponges 0.55 0.98 1.33 3.81 2.08 5.25 0.04 0.73 0.59 0.28 0.34 0.37
erect sponges 0.00 0.17 0.13 0.00 0.75 3.75 0.13 0.00 0.10 0.38 0.34 0.17
hydroids 0.00 0.00 0.20 0.35 0.42 0.15 0.01 0.01 0.01 0.01 0.01 0.01
solitary madrepores 0.03 0.00 0.00 0.81 0.00 0.10 0.07 0.20 0.21 0.05 0.45 0.34
soft coral 0.00 0.00 0.17 0.00 0.00 0.00 2.85 1.37 0.41 2.15 0.64 0.94
corals 0.02 0.00 0.73 0.42 0.00 0.00 0.01 0.27 0.00 0.00 2.34 0.00
fan corals 6.22 1.73 7.97 8.52 6.22 7.50 0.00 0.00 0.06 0.03 0.33 3.40
serpulids 0.00 0.00 0.00 0.00 0.03 0.70 0.00 0.00 0.01 0.03 0.07 0.19
encrusting bryozoans 0.00 0.00 0.00 0.00 0.02 0.10 0.00 0.16 0.11 1.76 1.11 1.14
erect bryozoans 0.03 0.00 0.17 0.03 0.20 1.55 0.44 0.20 1.73 0.64 1.18 2.04
colonial ascidians 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
solitary ascidians 0.00 0.00 0.00 0.00 0.15 1.05 0.01 0.02 0.08 0.03 0.33 0.39

greater than 5 km, and in each site two transects 100 m long were
sampled. Within each transect, 10 pictures targeting hard bottom were
randomly selected from footages. The percent cover of all sessile or-
ganisms was quantified in each image by superimposing a grid of 100
equal-sized squares (Dethier et al., 1993). Soft bottom zones or portions
covered by motile organisms were subtracted from the total surface of
images while computing the percent cover. Fishing pressure was
assessed as percentage of frames presenting fishing gear (longlines, nets,
and other lost gear, such as anchors, ropes, moorings, etc.), while fishing
impact was estimated as percentage of frames presenting fan coral col-
onies with necrosis/epibionts and gear covering/entangling cor-
alligenous habitat (Ferrigno et al., 2017). Substrate slope was also
estimated for each picture.

Coralligenous cliffs were sampled by SCUBA divers. In each area,
three sites several kms apart were chosen. At each site, three plots of
about 4 m? where randomly selected on a vertical rocky substrate at 35
m depth. In each plot, ten photographs of 0.2 m? areas were taken by a
framed camera (Piazzi et al., 2019b). The percentage cover of the main
groups was assessed by manual contour technique using the ImageJ
software (Cecchi et al., 2014).

Groups of species belonging to the same taxon and showing similar
morphology were merged into morphological groups (Ferrigno et al.
2017; Appolloni et al., 2020), for both coralligenous platforms and cliffs.

2.2. Index calculations

The ecological quality of coralligenous platforms was evaluated
through the CBQI considering three groups of variables: coralligenous
structuring (Group A), coralligenous stress (Group B), and bottom
abiotic factors (Group C). Each group is represented by three variables,
and each variable by three categories which are allocated a score
ranging from O to 2 (Table S1). The score was assigned considering the
maximum, the minimum and the average value obtained in each site and
the values assigned by recent literature on coralligenous status index
(Canovas-Molina et al., 2016). The variables coralligenous cover (per-
centage), morphological groups (number), and fan corals density
(number of individuals on square meters) are allocated in Group A,
Group B includes fan corals with necrosis/epibiosis (percentage),
covered/entangled (percentage), and fishing gear (percentage); finally,
physical characteristics, such as depth (meters), slope (degree), and
substrate type, are considered in Group C. The index is represented with

the following equation consisting in a weighted mean among the total
score of each group:

CBQI = [(Group A x 3) + (Group B x 2) + (Group C x 1)] x 37!

The CBQI score ranges between 0 and 12, classified in four classes:
bad quality (0-3), medium quality (4-6), good quality (7-9), and opti-
mum quality (10-12).

The ecological quality of coralligenous cliffs was evaluated through
the ESCA index (Cecchi et al., 2014; Piazzi et al., 2021b). Three
assemblage descriptors were used: i) “sensitivity level” (SL), based on
the cover of different sensitive taxa; ii) diversity of assemblages
expressed as “a-diversity”; and iii) heterogeneity of assemblages,
expressed as “p-diversity”. To calculate the SL of study sites, each group
was associated with a sensitivity value (from 1 to 10, with minimum
values corresponding to the most tolerant organisms and maximum
values to the most sensitive ones, (Table S2) and with an abundance
class (1: 0 < % < 0.01;2:0.01 <% < 0.1;3:0.1 <% < 1;4: 1<% <5;
5: 5<% < 25; 6: 25 <% <50; 7: 50 <% < 75; 8:75< % <100) ac-
cording to Piazzi et al. (2021b). The SL of each photographic sample was
calculated as the sum of the values obtained by multiplying the sensi-
tivity value of each group by its class of abundance. The SL of each study
site was calculated as the sum of the SL values of all samples. Alpha-
diversity was defined as the mean number of groups in each photo-
graphic sample, while beta-diversity was evaluated as the mean distance
of all photographic samples from centroids calculated in the PERMDISP
analysis (PERMANOVA; Anderson et al., 2006). ESCA was expressed as
Ecological Quality Ratio (EQR), calculated as the mean of the three
EQRg obtained for the assemblage descriptors:

EQR = ((EQRst. + EQR, + EQRp) x 371

Individual EQRs were calculated as the ratios between the values of
SL, a-diversity and p-diversity, respectively, and the values obtained for
the same descriptor in the reference condition (Montecristo Island for
the considered geographic region; Cecchi et al., 2014), i.e. 550 for the
sensitivity level, 15 for the a-diversity, and 20 for the p-diversity. The
ecological quality of coralligenous reefs was then classified according to
the following five classes (Piazzi et al., 2021b): i) high (EQR > 0.8); ii)
good (0.6 < EQR < 0.8); iii) moderate (0.4 < EQR < 0.6); iv) poor (0.2
< EQR < 0.4); and v) bad (EQR < 0.2).



L. Piazzi et al.

0.6

fan co.

CAT

CAP2
=
1

enc. spo. b
ere. A
021+ i

corals
sol. mad

041

0.6 \
-0.6 -0.4 -0.2 0 0.2 0.4 0.6

0.6

041

0.2+

CAP2
=)
I

0.2

ere. Chl.
ALG

CAP1

(b)

Fig. 2. CAP analysis of coralligenous platform (a) and cliff (b) assemblages.
Catalano = CAT, Bosa = BOS, Alghero = ALG, Asinara = ASI, Capo Testa = CTE
and Tavolara = TAV.

2.3. Data analyses

The structure (abundance of morphological groups) of both systems,
coralligenous platform and cliff assemblages, were analysed by a
permutational analysis of variance (PERMANOVA, Anderson, 2001)
based on Bray Curtis similarity. Data were fourth root transformed
before the analyses. A two-way model was used with Area as fixed factor
and Site as random factor nested in Area. The Pair-wise test was used to
discriminate among levels of significant factors. A canonical analysis of
principal coordinates (CAP, Anderson and Robinson, 2003) was per-
formed in order to discriminate the main morphological groups
contributing to dissimilarities among areas. For the coralligenous

Ecological Indicators 136 (2022) 108657

platforms, the density of fan corals and the number of morphological
groups were analysed by a PERMANOVA testing the effect of the Area
with Site as replicates.

Furthermore, the variability in ecological quality among areas was
evaluated by running a PERMANOVA (based on the Euclidean distance
and using Sites as replicates) on the indices and their main descriptors.

3. Results

Overall, 20 morphological groups (seven macroalgae and thirteen
invertebrates) were found but differences in community structure were
evident both spatially and between systems, platforms vs cliffs (Table 1).

The coralligenous platforms were generally dominated by encrusting
Rhodophyta, although distributed differently among areas. Erect Rho-
dophyta (mostly Sebdenia monardiana and Osmundaria volubilis), erect
Chlorophyta (mostly Halimeda tuna and Flabellia petiolata) and sponges
were more abundant at CTE and TAV, while fan corals (mostly Eunicella
cavolini, Callogorgia verticillata, but also Paramuricea clavata, Para-
muricea hirsuta, Elisella flagellum and Antipathella subpinnata) were pre-
sent everywhere (Table 1, Figs. 2 and 3).

Colonial ascidians were more abundant at BOS, while erect bryo-
zoans and corals at ALG (Fig. 2). CAT, BOS, ALG and ASI are signifi-
cantly different from CTE and TAV; differences between these two latter
were also significant (Table 2).

The number of morphological groups was higher in the shallower
eastern areas (CTE and TAV) than in the western ones; among the latter,
there was a ranking in the number of morphological groups with ASI and
BOS higher than ALG, which in turn was higher than CAT. The highest
density of fan corals was found at CAT, but it was also high at ASI
compared to all other areas (Table 3, 4, Fig. 3).

The bioconstruction was high everywhere and the coralligenous
stress was very low, both in terms of species necrosis/epibiosis and
fishing gear covering/entangling portions of the coralligenous habitat
(Table 3). CBQI classified all areas in good quality (Fig. 4) and no sig-
nificant differences were detected among areas by PERMANOVA
(Pseudo-Fs 12: 2.87, P(perm): 0.060).

In the coralligenous cliffs, encrusting Rhodophyta were the most
abundant macroalgae everywhere, while erect Ochrophyta had a high
percent cover at ASI, BOS and CAT. Encrusting sponges were the most
abundant invertebrates; corals had a relevant cover at CTE and fan
corals at TAV (Table 1, Fig. 2). The analysis identified differences among
all areas except for CAT, BOS and ASI which were found similar
(Table 2). The number of groups was lower at CAT while the beta di-
versity was more variable, with higher values at TAV and CAT and lower
at ALG and CTE (Fig. 5, Table 5); the SL were high everywhere and no
significant differences were detected among areas (Fig. 5, Table 5).

ESCA index varied between 0.76 and 0.91 (ALG and TAV, respec-
tively); CAT, ASI and TAV were classified in high ecological quality and
BOS, ALG and CTE in good ecological quality (Fig. 4). PERMANOVA and
the pair wise test detected higher values of ESCA at TAV compared to the
other areas (Table 5).

4. Discussion

The study compared for the first time the community structure and
the ecological quality of both coralligenous platforms and cliffs in the
same geographic areas. Results highlighted that spatial variability in
assemblage structure and ecological quality changed between the two
morphologies across the areas.

The structure of coralligenous assemblages differed between western
and north-eastern areas in both systems. The spatial pattern found for
the platform assemblages identified two main clusters of similarities: the
western (ALG, BOS, CAT, ASI) and the north-eastern (CTE and TAV). The
spatial pattern highlighted for cliffs distinguished ALG from the other
western areas, and the northern CTE and eastern TAV also differed be-
tween them. The results obtained for the cliffs confirmed previous
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Fig. 3. The mean number of morphological groups (a) and the density of fan corals (number of individuals m~2) (b) per sample of coralligenous platforms.

Table 2
PERMANOVA results on the effect of the Area and Site on coralligenous platform and cliff assemblages.
platform cliff
Source df MS Pseudo-F P(perm) MS Pseudo-F P(perm)
Area = A 5 20,499 10.52 0.001 19,595 6.76 0.001
Site (A) 12 1985 6.06 0.001 2947 5.95 0.001
Residual 274 327 495

Pair-wise test (A) ALG = BOS = CAT = ASI # CTE = TAV

BOS = CAT = ASI # ALG # CTE # TAV

Table 3
CBQI descriptors in the six areas.
CAT BOS ALG ASI CTE TAV
coralligenous cover >70 >70 >70 >70 >70 >70
(%)
morphological 3.47 4.73 3.93 5.10 6.72 7.10
groups (n.)
fan coral density 6.57 1.10 1.22 2.84 1.47 1.35
(n./m%)
necrosis/epibiosis <5 <5 <5 <5 <5 <5
(%)
covered/entangled <10 <10 <10 <10 <10 <10
(%)
fishing gear density <10 <10 <10 <10 <10 <10
(%)
depth (m) >90 >90 >90 >90 60 < x 60 < x
<90 <90
slope (degree) <45 <45 <45 <45 <45 <45
substrate type rocky rocky rocky rocky  rocky rocky

Table 4

PERMANOVA results on the effect of the Area on the density of fan corals and on
the number of morphological groups per sample of the coralligenous platform
assemblages.

Density of fan corals Number of morfological

groups
Source df MS Pseudo- P MS Pseudo- P

F (perm) F (perm)
Area 5 2734  5.39 0.001 128.8  27.50 0.001
Residual 12  50.8 2.28 0.011 4.7 3.09 0.003

ALG = BOS = CTE = TAV <
ASI < CAT

Pair-wise test CAT < ALG < BOS = ASI <

CTE = TAV

investigations performed through different taxonomic resolutions.
These latter detected differences in coastal coralligenous assemblages
among Sardinian geographic zones (Piazzi et al., 2021a; Pinna et al.,
2021) which were mostly attributed to differences in water temperature
related to the current regime characterizing the Sardinian coasts (Cec-
cherelli et al., 2020). On the contrary, coralligenous platforms dissimi-
larities are generally ascribed to changes in morphological features,
sedimentation and larval dispersal (Bo et al., 2015; Grinyo et al., 2016),
rather than to water temperature. For platform assemblages, the segre-
gations hereby detected could be also due to the bathymetric patterns, as
north and eastern areas are shallower than the westerns and depth is a
main driver for the spatial variability also in mesophotic assemblages
(Gori et al., 2017). In fact, erect macroalgae, which require higher
irradiance condition and therefore generally abound in the shallower
coralligenous reefs (Ballesteros, 2006), characterized the shallower
eastern platforms (CTE and TAV) and were completely absent in the
western platforms below 90 m depth. Although no inference about
geographic patterns in coralligenous platforms may be made on the
results of the present study, the general conclusion about the inconsis-
tency in the spatial patterns between the structure of platform and cliff
assemblages can be deduced. In particular, it seems that spatial dis-
continuities at the scale of the area are more likely for the cliff assem-
blages rather than for the platform. The reason for such uncoupling
should not be surprising because drivers of species distribution may
change between coastal cliffs and continental shelf mesophotic zone
(Cerrano et al., 2019). Moreover, the two systems may be affected by
different anthropogenic activities, as coralligenous platforms are mostly
sensitive to fishing and large scale sedimentation (Ferrigno et al., 2018a;
Piazzi et al., 2019c), while shallower coastal zones are subjected to a
high number of pressures due to runoffs and human frequentation
(Casoli et al., 2017; Piazzi et al., 2019a).

All the studied areas were found in good or high ecological quality,
although a discrepancy in the spatial patterns of the two indices was
identified between platform and cliff: CBQI placed all the areas in good
quality, while ESCA showed higher values for areas including MPAs,
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Fig. 5. Descriptors of the EQR values of ESCA: Number of groups (a); Distance from centroids (b); Sensitivity level (c). Black: high; grey: good; white: moderate.

Table 5
PERMANOVA results on the effect of the Area on ESCA and its main descriptors
(alpha diversity, beta diversity and sensitivity levels).

ESCA Alpha diversity
Source df MS Pseudo- P MS Pseudo- P
F (perm) F (perm)
Area 5 0.008 3.14 0.05 67.6 5.15 0.010
Residual 12 0.003 13.3 4.02 0.001

ALG = BOS = CAT = ASI =
CTE < TAV

CAT < ALG = BOS = ASI =
CTE = TAV

Pair-wise test

Beta diversity Sensitivity levels

Source df MS Pseudo- P MS Pseudo- P

F (perm) F (perm)
Area 5 0.068 5.83 0.008 0.006  0.95 0.507
Residual 12 0.012 0.007
Pair-wise test ALG = BOS = ASI = CTE <

CAT = TAV

except for ALG and CTE, recently established. The establishment of a
status of protection (MPA) may have a positive influence on cor-
alligenous reefs. Coralligenous cliffs may be affected by both large scale
impacts, such as climate changes, blooms of mucilaginous aggregates
and sedimentation (Cerrano et al., 2000; Balata et al., 2005; Garrabou
et al., 2009; Piazzi et al., 2018), and more localized impacts, such as
fishing, human frequentation and pollution (Piazzi et al., 2012; Casoli

etal., 2017; Betti et al., 2020). The MPAs may partially contrast some of
these latter impacts, representing a suitable tool to preserve the
ecological quality of coralligenous cliffs.

A very low frequency of fishing gears was detected on platforms
compared to other Mediterranean zones (Bavestrello et al., 1997;
Angiolillo et al., 2015; Ferrigno et al., 2018b; Betti et al., 2020). This
finding confirmed previous large spatial scale investigations which have
reported the lowest density of fishing gears on Sardinian coralligenous
banks (Angiolillo et al., 2015). Damages by fishing activities is consid-
ered a main threat for coralligenous reefs (Giusti et al., 2019; Betti et al.,
2020), especially in the continental shelf zone (Bo et al., 2014; Ferrigno
et al., 2018b; Enrichetti et al., 2019a). In fact, the increasing of water
turbidity and sediment accumulation due to trawl fishing is particularly
deleterious, causing smothering and involving on growth and survival of
benthic organisms (Althaus et al., 2009; Buhl-Mortensen and Buhl-
Mortensen, 2018). Moreover, most coralligenous organisms may be
damaged or completely eradicated by fishing gear (Enrichetti et al.,
2019a). Lost ropes, longlines, and demersal nets may entangle sessile
organisms, causing necrosis and favoring the development of epibionts
(Angiolillo et al., 2015). Due to their arborescent arrangement,
branched organisms with a carbonate skeleton are the most threatened
by fishing gear (Bo et al., 2014; Bavestrello et al., 2015; Ferrigno et al.,
2020, Ferrigno et al., 2021) and, in zone subjected to high fishing
pressure their distributions resulted confined to refuge zones, influ-
encing the natural patterns of spatial variability of the whole assemblage
(Appolloni et al., 2020). In Sardinian continental shelf, the low level of
fishing pressure allows the presence of well-structured assemblages
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dominated by fan corals on a large portion of the investigated areas,
representing an aspect to be highlighted and that deserves consideration
from a conservation point of view (Bo et al., 2015; Cau et al., 2015,
2017). In fact, these animal forests play a key structural and functional
ecological role in coralligenous systems, especially in the deepest part,
where their complex three-dimensional structure enhances the spatial
heterogeneity of the habitat, regulate the main environmental factors,
and provide habitat, shelter and refuge for the associated assemblages
(Gori et al., 2017; Paoli et al., 2017; Cerrano et al., 2010, 2019).

In conclusion, the study highlighted differences in both spatial
variability of assemblages and ecological quality between the two sys-
tems. Interestingly, the spatial variability in structure of both cliff and
platform assemblages did not correspond with spatial patterns of
ecological quality. This finding confirms the ability of the two indices to
evaluate the ecological quality of the habitat independently from
geographical differences in the structure of assemblages, and thus by the
dominance of different organisms. This requisite is crucial for indices
which are to be employed at large spatial scale. Overall, the results of the
present study corroborate the single peculiarity of coralligenous plat-
forms and cliffs, highlighting the importance of the concurrent assess-
ment of both systems in monitoring programs.
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