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Abstract

The study aimed at contributing to the development of methods to assessing the effects of human disturbance on coralligenous

reefs. The effects of the presence of a fish farm on coralligenous reefs were evaluated using the STAR (STAndaRdized corallige-
nous evaluation procedure) sampling procedure. An asymmetrical sampling design was used to compare the aquaculture site with
two reference sites in areas unaffected by human pressure. The response of different ecological indices (ESCA, Ecological Status
of Coralligenous Assemblages; ISLA, Integrated Sensitivity Level of coralligenous Assemblages; COARSE, COralligenous As-
sessment by Reef Scape Estimate) and descriptors (a-diversity, -diversity and Sensitivity Level) of this kind of disturbance was
compared. Results indicate that coralligenous reefs are vulnerable to aquaculture fish cages, and differences in the structure of
coralligenous assemblages between the disturbed and the reference sites were mostly due to the decrease in B-diversity. On the
contrary, no significant differences in the number of taxa/groups were highlighted. Encrusting Corallinales, erect Rhodophyta,
Dictyotales, Fucales and Halimeda tuna were more abundant in reference sites than in disturbed site, while Peyssonnelia spp.
and algal turfs had the opposite trend. Conversely, no significant differences between conditions were found in the abundance of
sessile invertebrates. The study supports the suitability of the STAR approach to be employed in impact evaluation assessments,
such as in monitoring programs. The present study is a first attempt to combine three different ecological indices (ESCA, ISLA and
COARSE) within a unified approach, in order to assess the status of coralligenous reefs subjected to a moderate human-induced
disturbance. The inconsistent response of the different indices highlights the advantage of applying different indices and descrip-
tors to evaluate the variable human pressures on natural systems.
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Introduction

Marine coastal systems are threatened worldwide by
overfishing, pollution, eutrophication, global warming,
ocean acidification, and the spread of invasive species
(Borja et al., 2008; Thrush et al., 2009). In this context,
assessment of the sustainability of human activities in
marine coastal systems represents a primary goal for
ecologists and environmental managers. However, eval-
uation of human impact is not always obvious; it is nec-
essary to employ methods and sampling designs suitable
to separate human-caused effects from patterns of natural
temporal and spatial variability (Underwood, 1993; He-
witt et al., 2001). On the other hand, methods of investi-
gation should be easily achievable and cost-effective and
allow comparison of results. Thus, the optimisation of the
sampling effort becomes crucial as well as obtaining data
suitable to detect a variety of possible impacts.
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Among all sorts of human activities, aquaculture
represents an important tool to support the demand for
fish products as wild fisheries stocks decline worldwide
(Zenetos et al., 2003; F.A.O., 2007), and to preserve nat-
ural systems, facilitate recovery of natural populations,
and conserve endangered species. However, the impact
of aquaculture on natural systems is an increasing cause
of environmental concern (Holmer, 2010). In fact, light
reduction and deposition of particulate carbon have been
described to have profound effects on the water column
(Islam, 2005; Sara, 2007) and sediment quality (Holm-
er et al., 2003; Pusceddu et al., 2007) with detrimental
consequences on the benthic communities (Tomassetti et
al., 2009, 2016; Edgar et al., 2010; Sanchez-Jerez et al.,
2018).

The impact of fish cages on coral reefs (e.g. Hedberg
et al., 2017), maérl beds (Wilson et al., 2004), and sea-
grass meadows (Delgado et al., 1999; Ruiz et al., 2001;
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Pergent-Martini et al., 2006) has been investigated (Hol-
mer, 2010) with the aim of reducing the risk of habitat
degradation and maintaining resistance and resilience
of sensitive marine habitats. The erosion of biodiversi-
ty, combined with evidence of progressive habitat deg-
radation in surrounding areas even after cessation of
fish-farming activity (Aguado-Giménez ef al., 2012), has
been highlighted, encouraging development of further in-
vestigations of aquaculture impacts. However, no efforts
have been made to assess the vulnerability of the Medi-
terranean coralligenous reefs to aquaculture activities yet.
These reefs biogenic structures mostly edified by calcar-
eous red algae belonging to Corallinales and various ses-
sile animals such as Cnidaria, Polychaeta, and Bryozoa;
overall they are characterised by high structural and func-
tional complexity (Ballesteros, 2006; Paoli et al., 2016).
In the Mediterranean basin, coralligenous reefs represent
one of the most important coastal ecosystems due to their
extensive distribution, biodiversity, biomass, and role in
the carbon cycle (Laubier, 1966; Ballesteros, 2006; Sini
et al., 2019), and they provide multifarious ecosystem
services to humans (Paoli et al., 2017). Moreover, coral-
ligenous reefs are vulnerable to global and local impacts
(Piazzi et al., 2012; Gatti et al., 2015b; Montefalcone et
al., 2017). Thus, coralligenous reefs are included in the
habitats that should be assessed under the Marine Strate-
gy Framework Directive (EU, 2008). This highlights the
need for accurate monitoring plans and impact assess-
ment studies (Ballesteros, 2008).

In this context, several methods have been proposed
to evaluate the ecological quality of coralligenous assem-
blages (Kipson et al., 2011; Deter et al., 2012; Gatti et
al., 2012, 2015a; Zapata-Ramirez et al., 2013; Cecchi et
al., 2014; Féral et al., 2014; Ruitton et al., 2014; Teix-
1d6 et al., 2014; Montefalcone et al., 2017; Piazzi et al.,
2017a; Sartoretto et al., 2017). These methods developed
different approaches and adopted distinct ecological de-
scriptors and sampling techniques. Recently, a standard-
ised monitoring protocol, named STAR (STAndaRdized
coralligenous evaluation procedure, Piazzi et al., 2018b),
was proposed for the assessment of the ecological quality
of coralligenous reefs. The protocol aims at optimising
the sampling effort and collecting information deemed
useful by existing ecological indices, and to make eas-
ier and more effective the comparison of data obtained
throughout the Mediterranean Sea through the adoption
of different sampling procedures (Piazzi et al., 2018b).

The study aimed at contributing to the development of
methods for assessing the effects of human disturbance
on coralligenous reefs. The effects of the presence of a
fish farm on coralligenous reefs were evaluated using the
STAR sampling procedure. An asymmetrical sampling
design (ACI, After-Control/Impact, Underwood 1997),
similar to Chapman et al. (1995), Guidetti et al. (2002),
and Penna et al. (2017), was used to compare the aqua-
culture site with two reference sites in areas unaffected by
human pressure. The hypothesis was that at the disturbed
site the structure of the assemblage would change, with a
decrease in abundance of sensitive taxa and an increase
of opportunistic taxa, as compared to the undisturbed
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sites. Evidently, mechanisms of impact cannot be high-
lighted without appropriate manipulative experiments
and thus any speculative insights about them have been
purposefully avoided. Aiming to identify the best tool to
use in fish farm impact evaluation on coralligenous reefs,
results obtained by different ecological indices and de-
scriptors (Gatti et al., 2015a; Piazzi et al., 2016, 2017b;
2018a; Penna et al., 2017) were compared.

Material and Methods
Study site

The study was done at Gorgona Island (about 2 km?)
in the Tuscan Archipelago National Park (North-Western
Mediterranean Sea, Italy). The island is far from sources
of human pressure (only about 200 inhabitants), as hu-
man activities are concentrated in a limited area of the
island. In this area, a small fish farm consisting of eight
cages (total volume of 4,130 m®) with a mean annual pro-
duction around 30 tons of Sparus aurata Linnaeus, 1758
was placed for 17 years (from 2001 to 2017) on a 20 m
deep rocky bottom. During fish farm activity, both the
sediment deposition rate (SDR) and the total organic car-
bon (TOC) of sediments were significantly higher at the
disturbed site (72067 g/month 0.76+0.12%, of SDR and
TOC, respectively) compared to the references (287455
g/month and 0.31+0.08%, according to De Biasi et al.,
2016). These changed conditions had altered the structure
of the seagrass community up to 300 m of distance from
the cages (De Biasi et al., 2016).

At about 30 m far from the cages, coralligenous reefs
are present on the cliffs sloping down from 30 to 40 m
of depth. At reference sites similar rocky cliffs with the
same orientation were chosen.

Sampling design and data collection

An asymmetrical design was used to compare the dis-
turbed site (D) versus two reference sites sited at about
1000 m far from the cages in two opposite directions (R1
and R2, Fig. 1).

During July 2018, in each site, three areas of about
4 m? and 10s of meters apart were randomly selected on
vertical bottoms at 35 m of depth and were sampled using
the STAR procedure (Table S1, Piazzi et al., 2018b): in
each area, 10 photographic samples of 0.2 m? each were
collected; the thickness of the calcareous layer was meas-
ured through a hand-held penetrometer with six replicated
measures per area; moreover, the size (mean height), the
percentage of necrosis and epibiosis of erect anthozoans
and the percent cover of sediment were assessed through
an RVA (Rapid Visual Assessment) approach (Gatti et al.,
2015a).

Images were analysed at the laboratory; organisms
easily detected by photographic samples were assessed
as distinct taxa, while those organisms displaying similar
morphological features were assembled into morpholog-
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Fig. 1: Map of the study area: D = Disturbed site, R1 and R2
= Reference sites. The square indicates Gorgona Island and the
star indicates Montecristo Island.

ical groups (Table S2, Piazzi et al., 2017a). The percent-
age cover of the main taxa/morphological groups was
evaluated by a manual contouring technique through the
Imagel] software (Cecchi et al., 2014).

Indices calculation

The ESCA index (Ecological Status of Coral-
ligenous Assemblages; Cecchi et al., 2014; Piaz-
zi et al., 2017a) was calculated using the formula
EQR=((EQRSL+EQR(1+EQR[3)XS"), where SL a, and f,
correspond to Sensitivity Level, a-diversity, and B-di-
versity, respectively (Table S3). The percent cover of
the main taxa/morphological groups in each photograph-
ic sample was classified according to eight classes of
abundance: 1) 0<%<0.01; 2) 0.01<%<0.1; 3) 0.1<%<I1;
4) 1<%<5; 5) 5<%<25; 6) 25<%<50; 7) 50<%<75; 8)
75<%<100. The total Sensitivity Level of each photo-
graphic sample (SL_) was calculated by multiplying the
sensitivity value of each taxa/groups (Table S2, Piazzi et
al., 2017a) for its class of abundance (from 1 to 8) and
adding values of all taxa/groups present in the sample.
The a-diversity of the assemblages was evaluated as the
number of taxa/morphological group per sample; the
B-diversity was evaluated based on the spatial heteroge-
neity of assemblages as calculated by PERMDISP anal-
ysis (Primer 6+ PERMANOVA; Anderson, 2006); i.e.
taking the mean distance of the centroids of photograph-
ic samples as a measure of the B-diversity of the system
(Anderson et al., 2006). Individual EQRs were calculat-
ed as the ratios of the values of the three descriptors to the
values of the same descriptors of the reference location
for the North-Western Mediterranean Sea (Montecristo
Island, Tuscan Archipelago National Park, a protected in-
habited island selected as Reference Location in common
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benchmarking setting for the Mediterranean intercalibra-
tion within the European Directives, GIG, 2013; Cecchi
etal., 2014).

The ISLA index (Integrated Sensitivity Level of cor-
alligenous Assemblages, Montefalcone et al., 2017) was
calculated by multiplying the abundance (expressed with
the same classes used for ESCA) of each taxon/group for
the corresponding score of Integrated Sensitivity Level
(ISL) (Table S4), and summing all values of each sample.
The EQR was calculated as the ratio between the values
of ISL and the value of the index obtained in the Mon-
tecristo reference condition (Montefalcone et al., 2017).

The COARSE index (COralligenous Assessment by
Reef Scape Estimate; Gatti et al., 2012, 2015a) was cal-
culated for the three distinct layers characterizing coral-
ligenous reefs: 1) basal layer, consisting of encrustations
or organisms with limited (<1 cm) vertical growth; 2) in-
termediate layer, composed of organisms with moderate
(1-10 cm) vertical growth; and 3) upper layer, character-
ized by organisms with considerable (>10 cm) vertical
growth. In the basal layer, three descriptors were meas-
ured: i) percentage cover of encrusting calcified Rhodo-
phyta, non-calcified encrusting algae, encrusting animals,
turf-forming algae and sediment; ii) signs of borer spe-
cies; and iii) thickness and consistency of calcareous con-
cretions. In the intermediate layer three descriptors were
assessed: 1) species richness; i1) number of erect calcified
organisms; and iii) sensitivity of bryozoans (Gatti et al.,
2015a). For the upper layer, the three descriptors were: 1)
percentage cover of each species; ii) necrosis percentage
of each population (even if covered by epibionts); and iii)
maximum height of the largest sessile organism. Each of
the nine descriptors was scored according to Gatti ef al.
(2015a) and the mean value among replicate scores gave
the final score for each descriptor (Table S5). To obtain
the quality score for each layer (Q,) from the descriptor
scores, the following formula was applied: Q, =(X XY x-
Z )xk"™, where X, Y, and Z, are the quality scores as-
signed to the three descriptors, k is the maximum value of
the scores (three in this case, as it is the maximum value
attributed to each descriptor), and n is the number of de-
scriptors considered. For each site, the mean of the three
Q,s was then used to calculate an overall quality score of
the coralligenous reef (Q,).

Analyses of data

Spatial differences in the structure of assemblages
were analysed by a permutational analysis of variance
(Primer6 + PERMANOVA, Anderson, 2001) based on
Bray-Curtis resemblance matrix of untransformed data.
Data were not transformed in order to stress the impor-
tance of the abundance of taxa/groups in determining the
differences among conditions. An asymmetric two-way
design was used with Site (one disturbed and two refer-
ence sites, as fixed factor), and Area (three areas of pho-
toquadrat collection per site, as a random factor nested in
Site). The mean square of the factor Site was partitioned
into two components: i) the contrast Impact vs Reference
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sites (I vs Rs) and ii) variability between Reference sites
(Terlizzi et al., 2005).

A canonical analysis of principal coordinates (CAP)
on untransformed Bray-Curtis resemblance matrix (An-
derson & Robinson 2003) was performed in order to dis-
criminate the differences in assemblages structure among
conditions. Values of squared canonical correlation of the
first and second axis were 0.606 and 0.296, respectively;
the variations in the original similarities matrix explained
by the axes achieving the highest allocation success was
0.989.

A SIMPER analysis (Clarke, 1993) was performed to
identify percentage contribution of each taxon/group to
the Bray-Curtis similarity among conditions.

Spatial differences in the three indices (ESCA,
COARSE, and ISLA) and the three descriptors of ESCA
index (a-diversity, B-diversity and sensitivity level) were
analysed by one-way asymmetrical ANOVAs, with the
factor Site as fixed and the sampling areas as replicates.
Cochran’s C-test was used before each analysis to check
for homogeneity of variance and the data was trans-
formed when necessary (Underwood, 1997).

Results

The assemblages were characterized by a stratified
structure, with the basal layer mostly constituted by
Corallinales and Peyssonneliaceae and secondarily by
encrusting sponges and bryozoans. The most abundant
organisms in the intermediate layer were the seaweeds
Flabellia petiolata, Halimeda tuna, several erect Rhodo-
phyta, and the bryozoans Myriapora truncata, Reteporel-
la sp. and Smittina cervicornis. The erect layer was main-
ly characterized by Funicella cavolinii.

Significant spatial differences in the structure of the
assemblages were found at the scale of Site and Area:
particularly, relevant differences were found (for both
scales) between the disturbed assemblages and the ref-
erences, but not between references (Table 1). Similarly,
a graphical separation between D and Rs samples was
found by the CAP analysis (Fig. 2). Both the CAP anal-
ysis and the SIMPER test indicated that encrusting Cor-
allinales, erect Rhodophyta, Dictyotales, Fucales and H.
tuna were more abundant in Rs than in D site, while Pey-
ssonnelia spp. and algal turfs had the opposite trend (Fig.
2, Table 2). Noteworthy, invertebrates do not contribute

Table 1. Results of PERMANOVA on the structure of corallig-
enous assemblages. D = Disturbed site, Rs = Reference sites).

Df MS  Pseudo-F P(perm)

Site =S 2 8914 3.03 0.008

D vsRs 1 9986 3.14 0.036

among Rs 1 7842 348 0.101
Area(S) = A(S) 6 2938 2.30 0.013

A(DvsRs) 4 3404 2.48 0.013

A(Rs) 4 2249 1.44 0.146
Residual 81 1274
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Fig. 2: Canonical analysis of principal coordinates (CAP) on
coralligenous assemblages. Black squares = Disturbed site;
grey up and down triangles = Reference sites.

Table 2. Results of SIMPER test showing the main taxa/groups
influencing differences between Disturbed (D) and Reference
(R1 and R2) sites.

Percent Percent cover Contr.%
cover
Diss.
RI D 5481
Peyssonnelia sp. 52.35 66.14 36.47
Encrusting 21.19 1660 2545
Corallinales
Turf 2.08 8.72 8.26
Fucales 6.71 0 7.20
Dictyotales 5.94 0.94 6.42
Erect terete
Rhodophyta 4.59 1.19 5.20
Diss.
R2 D 51.09
Peyssonnelia sp. 41.23 66.14 36.14
Encrusting 23.08 1660  23.13
Corallinales
Erect terete
Rhodophyta 16.57 1.19 15.17
Turf 1.84 8.72 7.40
Halimeda tuna 5.85 0.25 5.58

greatly to differences in assemblage structure. No differ-
ences were highlighted among sites for the percent cover
of sediment and the thickness of the calcareous layer. The
necrosis of gorgonians was negligible everywhere.

ESCA and ISLA indices, B-diversity and SL were sig-
nificantly higher in the references than in the disturbed
site, while no significant differences were found using
COARSE index and the a-diversity (Figs 3 and 4, Table
3 and 4). Moreover, values of COARSE and B-diversity
also varied between references.

Discussion

Results of the study showed that coralligenous reefs
were affected by 17 continuous years of fish caging aqua-
culture as these assemblages still exhibit signs of impact
after one year of disturbance cessation.

Differences observed in the structure of corallige-
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Fig. 3: Mean (+SE) values of ESCA, COARSE and ISLA indi-
ces (D = Disturbed site, Rs = Reference sites)."
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Fig. 4: Mean (+SE) values of the ESCA descriptors: a-diversity,
B-diversity and sensitivity level (D = Disturbed site, Rs = Ref-
erence sites).

nous assemblages between the disturbed site and the
reference sites were mostly due to an increase in toler-
ant taxa/groups and a decrease in sensitive species and
B-diversity in the disturbed site. The decrease of sensi-
tive algae, such as erect Rhodophyta and H. funa, in the
disturbed site confirms the role of these organisms as
ecological indicators (Balata et al., 2007b, 2011). Their
reduction may be related to the direct effect of pollutants
and sedimentation, and to the indirect effects caused by

competition with more opportunistic species (Piazzi et
al., 2012). Turfs and Peyssonneliaceae may be enhanced
by eutrophic conditions due to their life-strategy—algal
species with a higher surface area/volume ratio tend to
grow faster, requiring more nutrients and to have higher
nutrient uptake rates than thicker algae with a lower sur-
face/volume ratio (Taylor et al., 1998; Bokn et al., 2003;
Karez et al., 2004). Moreover, turfs are mostly comprised
of filamentous species that reproduce asexually and are
well adapted to stressful environmental conditions, such
as high sedimentation rates, thanks to their ability to
quickly recover after disturbance (Airoldi, 1998; Balata
et al., 2007a, 2011). The rapid spread of opportunistic
species also reproduce asexually and may outcompete
sensitive species that need available substrate for spore
settling (Airoldi, 1998; Piazzi & Cinelli, 2001).

Although several sessile invertebrates, such as erect
bryozoans and gorgonians, are considered valuable indi-
cators of disturbance (Linares et al., 2010; Gatti et al.,
2015a), no significant differences in abundance or in the
proportion of individuals displaying necrosis were found
in the present study. The sensitivity of organisms may
change in relation to different pressures (Montefalcone
et al.,2017), and macroalgae seem more suitable to high-
light moderate changes in water quality compared to ani-
mals normally employed to evaluate mechanical impacts
(Bavestrello et al., 1997, de la Nuez-Hernandez et al.,
2014).

The B-diversity showed lower values in the disturbed
site as compared to the reference sites, while no signifi-
cant differences in the number of taxa/groups were ob-
served. This pattern agrees with that described where nu-
trient enrichment was manipulated in some coralligenous

Table 3. Results of ANOVA on ESCA, COARSE and ISLA index values. (D = Disturbed site, Rs = Reference sites). F values in

bold correspond to p<0.05.
ESCA COARSE ISLA

Source df MS F MS F MS F denominator
Site 2 0.0222 23.94 0.0408 3.22 0.0229 4.02 residual

DvsRs 1 0.0357 714.00 0.0184 0.68 0.0232 58.00 residual D vs Rs

among Rs 1 0.0087 6.32 0.0632 11.19 0.0225 2.70 residual among Rs
Residual 6 0.0009 0.0127 0.0057

D vsRs 2 5*%10 0.0267 0.0004

among Rs 4 0.0014 0.0056 0.0083

C=0.712 (ns) C=0.811 (ns) C=0.811 (ns)

Table 4. Results of ANOVA on the descriptors of ESCA index (D = Disturbed site, Rs = Reference sites).

a-diversity B-diversity Sensitivity levels
Source df MS F P MS F P MS F P
Site 2 0.32 3.04 0.122 127.6 784.6 0 7168 4.76 0.057
D vsRs 1 0.16 0.98 0.426 214.2 946.4 0.001 12133 20.67  0.045
among Rs 1 0.48 6.28 0.066 41.0 313.8 0.001 2204 1.12 0.34
Residual 6 0.10 0.2 1505

C =0.5158 (ns)

C = 0.4899 (ns)

C = 0.7404 (ns)

Medit. Mar. Sci., 20/3, 2019, 627-635
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reefs (Piazzi et al., 2011). Thus, changes in the structure
of coralligenous assemblages due to a moderate increase
in sedimentation rate and nutrient concentration seem to
involve the relative importance of taxa and their spatial
arrangement and not the a-diversity of the system. Sed-
imentation and eutrophication can alter natural competi-
tive mechanisms controlling spatial distribution of sessile
organisms (Balata et al., 2005, 2007).

An increase in abundance of tolerant species at the
expense of more sensitive ones as a consequence of nu-
trient and sedimentation increase can lead to wide biotic
homogenisation of the system (sensu McKinney & Lock-
wood, 1999), with a decrease in B-diversity (Piazzi et al.,
2011, 2012). Therefore, the species spatial arrangement
seems a very sensitive feature of coralligenous reefs
where assemblages are generally characterised by high
spatial heterogeneity (Ferdeghini et al., 2000; Balata et
al.,2007a; Piazzi et al., 2016). Thus, B-diversity may rep-
resent a valuable ecological descriptor to be considered,
especially when the stressors’ effects are sub-lethal and
do not cause evident degradation of the assemblages (Pi-
azzi & Balata, 2011; Piazzi et al., 2018a).

Although the impacts due to aquaculture have been
widely investigated (Gao et al., 2005; Kalantzi &
Karakassis, 2006; Apostolaki et al., 2007; Tomassetti et
al., 2016), little is known about the recovery of benthic
assemblages after fish farming cessation; some data in-
dicate inconsistent patterns of recovery for soft bottom
assemblages (Aguado-Giménez et al., 2012). Although
the lack of data during the fish farm activity of Gorgona
Island does not allow evaluation of the actual recovery
of coralligenous reefs, the differences between disturbed
and reference sites one year after cessation of farming
suggest the persistence of impact and the necessity for
long-term monitoring periods.

Concerning the ecological quality of coralligenous
reefs, ESCA and ISLA indices showed very similar pat-
terns while contrasting results were obtained using the
COARSE index. In fact, the ESCA index, summarising
more descriptors, was able to highlight changes in the
ecological quality of the reefs between disturbed and ref-
erence sites. This outcome confirms the suitability of a
multi-descriptors approach to detect impacts of moderate
magnitude (Borja et al., 2009c; Edgar et al., 2010) and
supports the successful employment in monitoring pro-
grams and impact evaluation studies. Also, the ISLA in-
dex, based on the sensitivity of organisms to disturbance
and stress, was able to discriminate the disturbed site
from the others. Indeed, eutrophication may influence
the overall sensitivity level of the assemblages causing a
reduction of values of this index due to the enhancement
of opportunistic species (Montefalcone et al., 2017). The
descriptive information provided by the COARSE index
of “no impact” of fish cages is likely due to the fact that
this index was developed to assess the quality of the cor-
alligenous habitat regardless of human pressures; in fact
it was based on a seascape approach to provide informa-
tion on the seafloor integrity considered as the character-
istics (physical, chemical, biological) of the seabed (Gatti
et al., 2015a). Thus, COARSE may not be suitable to de-
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tect changes in environmental quality when these chang-
es do not cause severe deterioration of the coralligenous
structure (Piazzi et al., 2017b).

In conclusion, although the low level of replication
used in this study needs additional investigation to ad-
dress and evaluate the direct and indirect impacts of aqua-
culture on coralligenous formations, the results provide
evidence to support the sensitivity of coralligenous as-
semblages to human pressures and their suitability as an
ecological indicator, since they offer early signs for de-
tection of impact caused by stressors (Hong, 1983; Balata
et al., 2007b; Piazzi et al., 2012, 2018a). Moreover, the
study highlighted the suitability of the STAR approach to
be employed in impact evaluation assessments, such as
in monitoring programs. In fact, different indices require
diverse information, sampling methods, and designs, so
that concurrent deployment in environmental investiga-
tions becomes not obvious. The STAR procedure can be
a profitable solution for obtaining the data needed to cal-
culate different ecological indices in a single sampling
effort. Overall, although each descriptor is reliable to dif-
ferent human impacts (Gatti et al., 2015a; Montefalcone
et al., 2017; Penna et al., 2017; Piazzi et al., 2018a), the
challenge to identify early signals of stress and effects
due to low-magnitude disturbance would be the most use-
ful goal of conservation efforts. In this context, the fact
that the three indices did not give homogeneous respons-
es to moderate disturbances emphasises the need for a
multi-descriptor approach to evaluate human pressure
on natural systems, as already investigated for other ma-
rine systems (Borja et al., 2009a, 2009b; Martinez-Crego
et al., 2010; Bedini & Piazzi, 2012). At the same time,
ESCA and ISLA indices gave similar results suggesting
that their redundancy should be accurately tested. The
present study represents a first attempt to compare three
different ecological indices in coralligenous reefs and the
results suggest that a wide number of case studies are
needed to determine the concurrent use of different indi-
ces and descriptors in impact evaluations and monitoring
programs.

Acknowledgements

The MV Poseidon of ARPAT supplied the logistic
support for field activities. The Proof-Reading-Service.
com provided English revision.

References

Aguado-Giménez, F., Piedecausa, M.A., Gutiérrez, J.M.,
Garcia-Charton, J.A., Belmonte, A. et al., 2012. Benthic
recovery after fish farming cessation: a “beyond-BACI”
approach. Marine Pollution Bulletin, 64, 729-738.

Airoldi, L., 1998. Roles of disturbance, sediment stress and sub-
stratum retention on spatial dominance in algal turf-form-
ing. Ecology, 79, 2759-2770.

Anderson, M.J., 2001. A new method for a non-parametric mul-
tivariate analysis of variance. Austral Ecology, 26, 32-46.

Medit. Mar. Sci., 20/3 2019, 627-635



Anderson, M.J., 2006. Distance-based test for homogeneity of
multivariate dispersions. Biometrics, 62, 245-253.

Anderson, M.J., Robinson J., 2003. Generalised discriminant
analysis based on distances. Australian and New Zealand
Journal of Statistics, 45, 301-318.

Anderson, M.J., Ellingsen, K.E., McArdle, B.H., 2006. Multi-
variate dispersion as a measure of beta diversity. Ecology
Letters, 9, 683-693.

Apostolaki, E., Tsagaraki, T., Tsapakis, M., Karakassis, I.,
2007. Fish farming impact on sediments and macrofauna
associated with seagrass meadows in the Mediterranean.
Estuarine Coastal and Shelf Science, 75, 408-416.

Balata, D., Piazzi, L., Benedetti-Cecchi, L., 2007a. Sediment
disturbance and loss of beta diversity on subtidal rocky
reefs. Ecology, 8, 2455-2461.

Balata, D., Piazzi, L., Cinelli, F., 2007b. Increase of sedimenta-
tion in a subtidal system: effects on the structure and diver-
sity of macroalgal assemblages. Journal of Experimental
Marine Biology and Ecology, 351, 73-82.

Balata, D., Piazzi, L., Rindi, F., 2011. Testing a new classifica-
tion of morphological functional groups of marine macroal-
gae for the detection or responses to disturbance. Marine
Biology, 158, 2459-2469.

Ballesteros, E., 2006. Mediterranean coralligenous assemblag-
es: a synthesis of present knowledge. Oceanography and
Marine Biology: An Annual Review, 44, 123-195.

Ballesteros, E., 2008. Action plan for the conservation of the
coralligenous and other calcareous bio-concretions in the
Mediterranean Sea. UNEP-MAP-RAC/SPA, Tunis, 21 pp.

Bavestrello, G., Cerrano, C., Zanzi, D., Cattaneo-Vietti, R.,
1997. Damage by fishing activities in the gorgonian coral
Paramuricea clavata in the Ligurian Sea. Aquatic Conser-
vation: Marine and Freshwater Ecosystems, 7, 253-262.

Bedini, R., Piazzi, L., 2012. Evaluation of the concurrent use of
multiple descriptors to detect anthropogenic impacts in ma-
rine coastal systems. Marine Biology Research, 8, 129-140.

Bokn, T.L., Duarte, C.M., Pedersen, M.F., Marba, N., Moy, F.E.
et al., 2003. The response of experimental rocky shore com-
munities to nutrient additions. Ecosystems, 6, 577-594.

Borja, A., Bricker, S.B., Dauer, D.M., Demetriades, D.N., Fer-
reira, J.G. et al., 2008. Overview of integrative tools and
methods in assessing ecological integrity in estuarine and
coastal systems worldwide. Marine Pollution Bulletin, 56,
1519-1537.

Borja, A., Bald, J., Franco, J., Larreta, J., Muxika, L. ef al,
2009a. Using multiple ecosystem components, in assessing
ecological status in Spanish (Basque country) Atlantic ma-
rine waters. Marine Pollution Bulletin, 59, 54-64.

Borja, A., Ranasinghe, A., Weiseberg, S.B., 2009b. Assessing
ecological integrity in marine waters, using multiple indi-
ces and ecosystem components: Challenges for the future.
Marine Pollution Bulletin, 59, 1-4.

Borja, A., Rodriguez, J.G., Black, K., Bodoy, A., Emblow, C.
et al., 2009c. Assessing the suitability of a range of benthic
indices in the evaluation of environmental impact of fin and
shellfish aquaculture located in sites across Europe. Aqua-
culture, 293, 213-240.

Cecchi, E., Gennaro, P., Piazzi, L., Ricevuto, E., Serena, F.,
2014. Development of a new biotic index for ecological
status assessment of Italian coastal waters based on cor-

Medit. Mar. Sci., 20/3, 2019, 627-635

alligenous macroalgal assemblages. European Journal of
Phycology, 49, 298-312.

Chapman, M.G., Underwood, A.J., Skilleter, G.A., 1995. Vari-
ability at different spatial scales between a subtidal assem-
blage exposed to the discharge of sewage and two control
assemblages. Journal of Experimental Marine Biology and
Ecology, 189, 103-122.

Clarke, K.R., 1993. Non-parametric multivariate analyses of
changes in community structure. Austral Ecology, 18, 117-
143.

De Biasi, A.M., Pacciardi, L., Piazzi, L., 2016. An asymmetri-
cal sampling design as a tool for sustainability assessment
of human activities in coastal systems: a fish farming study
case. Marine Biology Research, 12, 958-968.

de la Nuez-Hernandez, D., Valle, C., Forcada, A., Gonzalez
Correa, J. M., Fernandez Torquemada, Y., 2014. Assessing
the erect bryozoans Myriapora truncata (Pallas, 1766) as
indicator of recreational diving impact on coralligenous
reef communities. Ecological Indicators, 46, 193-200.

Delgado, O., Ruiz, J.M., Perez, M., Romero, J., Ballesteros E.,
1999. Effects of fish farming on seagrass (Posidonia ocean-
ica) in a Mediterranean bay: seagrass decline after organic
loading cessation. Oceanologica Acta, 22, 105-118.

Deter, J., Descamp, P., Ballesta, L., Boissery, P., Holon, F.,
2012. A preliminary study toward an index based on coral-
ligenous assemblages for the ecological status assessment
of Mediterranean French coastal waters. Ecological Indica-
tors, 20, 345-352.

Edgar, G., Davey, A., Shepherd, C., 2010. Application of biotic
and abiotic indicators for detecting benthic impacts of ma-
rine salmonid farming among coastal regions of Tasmania.
Aquaculture, 307, 212-218.

E.U., 2008. MSFD 2008/56/EC of the European Parliament and
of the Council, of 17 June 2008, establishing a framework
for Community action in the field of marine environmen-
tal policy (Marine Strategy Framework Directive). Official
Journal of the European Commission, G.U.C.E. 25/6/2008,
L 164/19

F.A.O., 2007. The State of the World Fisheries and Aquaculture
2006. Rome, Italy, Food and Agricultural Organization.

Féral, J-P., Arvanitidis, C., Chenuil, A., Cinar, M.E., David, R.
et al., 2014. CIGESMED: Coralligenous based indicators
to evaluate and monitor the “Good Environmental Status”
of the Mediterranean coastal waters, a SeasEra project. In:
Bouafif C., Langar H., Ouerghi A. (Eds), Proceedings of
the second Mediterranean symposium on the conservation
of coralligenous and other calcareous bio-concretions, Por-
toroz, Slovenia, 29-30 October 2014. UNEP/MAP-RAC/
SPA, Tunis, 15-21.

Ferdeghini, F., Acunto, S., Cocito, S., Cinelli, F., 2000. Vari-
ability at different spatial scales of a coralligenous assem-
blage at Giannutri Island (Tuscan Archipelago, northwest-
ern Mediterranean). Hydrobiologia, 440, 27-36.

Gao, Q.F., Cheung, K.K., Cheung, S.G., Shin, P.K.S., 2005.
Effects of nutrient enrichment derived from fish farming
activities on macroinvertebrate assemblages in a subtrop-
ical region of Hong Kong. Marine Pollution Bulletin, 51,
994-1002.

Gatti, G., Montefalcone, M., Rovere, A., Parravicini, V., Morri,
C. et al., 2012. Seafloor integrity down the harbor water-

633



front: the coralligenous shoals off Vado Ligure (NW Med-
iterranean). Advances in Oceanography and Limnology, 3,
51-67.

Gatti, G., Bianchi, C.N., Morri, C., Montefalcone, M., Sartoret-
to, S., 2015a. Coralligenous reefs state along anthropized
coasts: application and validation of the COARSE index,
based on a rapid visual assessment (RVA) approach. Eco-
logical Indicators, 52, 567-576.

Gatti, G., Bianchi, C.N., Parravicini, V., Rovere, A., Peirano,
A. et al., 2015b. Ecological change, sliding baselines and
the importance of historical data: lessons from combining
observational and quantitative data on a temperate reef over
70 years. PLoS ONE 10, e0118581.

GIG, 2013. JRC Scientific and Technical Reports. Water Frame
Directive intercalibration technical report, Second phase
(2008-2011) in draft. JRC European Commission, IES In-
stitute for Environmental and Sustainability.

Guidetti, P., Fanelli, G., Fraschetti, S., Terlizzi, A., Boero, F.,
2002. Coastal fish indicate human-induced changes in the
Mediterranean littoral. Marine Environmental Research,
53,77-94.

Hedberg, N., Stenson, 1., Kautsky, N., Hellstrom, M., Teden-
gren, M., 2017. Causes and consequences of spatial links
between sea cage aquaculture and coral reefs in Vietnam.
Aquaculture, 481, 245-254.

Hewitt, J.E., Thrush, S.F., Cummings, V.J., 2001. Assessing
environmental impacts: effects of spatial and temporal var-
iability at likely impact scales. Ecological Application, 11,
1502-1516.

Holmer, M., 2010. Environmental issues of fish farming in oft-
shore waters: perspectives, concerns and research needs.
Aquaculture Environment Interactions, 1, 57-70.

Holmer, M., Duarte, C.M., Heilskov, A., Olesen, B., Terrados,
J., 2003. Biogeochemical conditions in sediments enriched
by organic matter from net-pen fish farms in the Bolinao
area Philippines. Marine Pollution Bulletin, 4, 685-696.

Hong, J.S., 1983. Impact of pollution on the benthic commu-
nity: environmental impact of the pollution on the benthic
coralligenous community in the Gulf of Fos, north-western
Mediterranean. Bulletin of Korean Fishery Society 16, 273-
290.

Islam, M.S., 2005. Nitrogen and phosphorus budget in coastal
and marine cage aquaculture and impacts of affluent load-
ing on ecosystem: review and analysis towards model de-
velopment. Marine Pollution Bulletin, 50, 48-61.

Kalantzi, I., Karakassis, I., 2006. Benthic impacts of fish farm-
ing: meta-analysis of community and geochemical data.
Marine Pollution Bulletin, 52, 484-493.

Karez, R., Engelbert, S., Kraufvelin, P., Pedersen, M.F., Som-
mer, U., 2004. Biomass response and change in composi-
tion of ephemeral macroalgal assemblages along an experi-
mental gradient of nutrient enrichment. Aquatic Botany, 78,
103-117.

Kipson, S., Fourt, M., Teixidd, N., Cebrian, E., Casas, E. et al,
2011. Rapid biodiversity assessment and monitoring meth-
od for highly diverse benthic communities: a case study
of Mediterranean coralligenous outcrops. PLoS ONE 6,
€27103.

Laubier, L., 1966. Le coralligéne des Albéres: monographie
biocénotique. Annales de I'Institut Océanographique, 43,

634

139-316.

Linares, C., Zabala, M., Garrabou, J., Coma, R., Diaz, D. et
al., 2010. Assessing the impact of diving in coralligenous
communities: The usefulness of demographic studies of red
gorgonian populations. Scientific Reports of the Port-Cros
National Park, 24, 161-184.

Martinez-Crego, B., Alcoverro T., Romero, J., 2010. Monitor-
ing the quality of coastal waters at a large scale: bioindi-
cators strengths and weakness. Journal of Environmental
Monitoring, 12, 1013-1028.

McKinney, M.L., Lockwood, J.L., 1999. Biotic homogeniza-
tion: a few winners replacing many losers in the next mass
extinction. Trends in Ecology and Evolution, 14, 450-453.

Montefalcone, M., Morri, C., Bianchi, C.N., Bavestrello, G.,
Piazzi, L., 2017. The two facets of species sensitivity: stress
and disturbance on coralligenous assemblages in space and
time. Marine Pollution Bulletin, 117, 229-238.

Paoli, C., Montefalcone, M., Morri, C., Vassallo, P., Bianchi,
C.N.,2017. Ecosystem functions and services of the marine
animal forests. In: Rossi, S., Bramanti, L., Gori, A., Orejas
Saco del Valle, C. (Eds) Marine animal forests - The ecolo-
gy of benthic biodiversity hotspots. Springer International
Publishing, Switzerland.

Paoli, C., Morten, A., Bianchi, C.N., Morri, C., Fabiano, M. et
al., 2016. Capturing ecological complexity: OCI, a novel
combination of ecological indices as applied to benthic ma-
rine habitats. Ecological Indicators, 66, 86-102.

Penna, M., Gennaro, P., Bacci, T., Trabucco, B., Cecchi, E. et
al., 2017. Multiple environmental descriptors to assess eco-
logical status of sensitive habitats in the area affected by the
Costa Concordia shipwreck (Giglio Island, Italy). Journal
of Marine Biology of the United Kingdom, 98, 51-59.

Pergent - Martini, C., Boudouresque, C.F., Pasqualini, V., Per-
gent, G., 2006. Impact of fish farming facilities on Posido-
nia oceanica meadows: a review. Marine Ecology, 27, 310-
319.

Piazzi, L., Balata, D., 2011. Coralligenous habitat: patterns of
vertical distribution of macroalgal assemblages. Scientia
Marina, 75, 399-406.

Piazzi, L., Cinelli, F., 2001. The distribution and dominance
of two introduced turf-forming macroalgae in the coast of
Tuscany (Italy, northwestern Mediterranean) in relation to
different habitats and sedimentation. Botanica Marina, 44,
509-520.

Piazzi, L., Gennaro, P., Balata, D., 2011. Effects of nutrient en-
richment on macroalgal coralligenous assemblages. Marine
Pollution Bulletin, 62, 1830-1835.

Piazzi, L., Gennaro, P., Balata, D., 2012. Threats to macroalgal
coralligenous assemblages in the Mediterranean Sea. Ma-
rine Pollution Bulletin, 64, 2623-2629.

Piazzi, L., La Manna, G., Cecchi, E., Serena, F., Ceccherelli,
G., 2016. Protection changes the relevancy of scales of var-
iability in coralligenous assemblages. Estuarine, Coastal
and Shelf Science, 175, 62-69.

Piazzi, L., Gennaro, P., Cecchi, E., Serena, F., Bianchi, C.N. et
al., 2017a. Integration of ESCA index through the use of
sessile invertebrates. Scientia Marina, 81, 1-8.

Piazzi, L., Bianchi, C.N., Cecchi, E., Gatti, G., Guala, I. et
al., 2017b. What’s in an index? Comparing the ecological
information provided by two indices to assess the status of

Medit. Mar. Sci., 20/3 2019, 627-635



coralligenous reefs in the NW Mediterranean Sea. Aquat-
ic Conservation: Marine and Freshwater Ecosystems, 27,
1091-1100.

Piazzi, L., Atzori, F., Cadoni, N., Cinti, M.F., Frau, F. ef al.,
2018a. Benthic mucilage blooms threaten coralligenous
reefs. Marine Environmental Research, 140, 145-151.

Piazzi, L., Gennaro P., Montefalcone, M., Bianchi, C.N., Cec-
chi, E. et al., 2018b. STAR: an integrated and standardized
procedure to evaluate the ecological status of coralligenous
reefs. Aquatic Conservation: Marine and Freshwater Eco-
systems, 29, 189-201.

Pusceddu, A., Fraschetti, S., Mirto, S., Holmer, M., Danovaro,
R., 2007. Effects of intensive mariculture on sediment bio-
chemistry. Ecological Applications, 17, 1366-1378.

Ruitton, S., Personnic, S., Ballesteros, E., Bellan-Santini, D.,
Boudouresque, C.F. et al., 2014. An ecosystem-based ap-
proach to evaluate the status of the Mediterranean corallig-
enous habitat. In: Bouafif C., Langar H., Ouerghi A. (Eds),
Proceedings of the second Mediterranean symposium on
the conservation of coralligenous and other calcareous
bio-concretions, Portoroz, Slovenia, 29-30 October 2014.
UNEP/MAP-RAC/SPA, Tunis, 153-158.

Ruiz, J.M., Perez, M., Romero, J., 2001. Effects of fish farm
loadings on seagrass (Posidonia oceanica) distribution,
growth and photosynthesis. Marine Pollution Bulletin, 42,
749-760.

Sanchez-Jerez, P., Fernandez-Gonzalez, V., Mladineo, 1., Mati-
jevié, S., Bogner, D. et al., 2018. Assessment of the impact
of Atlantic bluefin tuna farming on Adriatic benthic habi-
tats by analysing macroinvertebrate assemblage structure at
family level. Mediterranean Marine Science, 19, 344-355.

Sara, G., 2007. A meta-analysis on the ecological effects of
aquaculture on the water column: dissolved nutrients. Ma-
rine Environmental Research, 63, 390-408.

Sartoretto, S., Schohn, T., Bianchi, C.N., Morri, C., Garrabou,
J. etal, 2017. An integrated method to evaluate and mon-
itor the conservation state of coralligenous habitats: the
INDEX-COR approach. Marine Pollution Bulletin, 120,
222-231.

Sini, M., Garrabou, J., Trygonis, V., Koutsoubas, D., 2019.
Coralligenous formations dominated by Eunicella cavoli-
ni (Koch, 1887) in the NE Mediterranean: biodiversity and
structure. Mediterranean Marine Science, 20, 174-188

Taylor, R.B., Peek, J.T.A., Rees, T.A.V., 1998. Scaling of am-
monium uptake by seaweeds to surface area: volume ratio:
geographical variation and the role of uptake by passive

diffusion. Marine Ecology Progress Series, 169, 143-148.

Teixido, N., Casas, E., Cebrian, E., Kersting, D., Kipson, S. et
al., 2014. Biodiversity patterns of coralligenous outcrops
in the western Mediterranean: first insights across temporal
and spatial scales. In: Bouafif C., Langar H., Ouerghi A.
(Eds), Proceedings of the second Mediterranean symposi-
um on the conservation of coralligenous and other calcar-
eous bio-concretions, Portoroz, Slovenia, 29-30 October
2014. UNEP/MAP-RAC/SPA, Tunis, 177-182.

Terlizzi, A., Benedetti-Cecchi, L., Bevilacqua, S., Fraschetti, S.,
Guidetti, P. et al., 2005. Multivariate and univariate asym-
metrical analyses in environmental impact assessment: a
case study of Mediterranean subtidal sessile assemblages.
Marine Ecology Progress Series, 289, 27-42.

Tomassetti, P., Persia, E., Mercatali, 1., Vani, D., Marusso, V.
et al., 2009. Effects of mariculture on macrobenthic assem-
blages in a western Mediterranean site. Marine Pollution
Bulletin, 58, 533-41.

Tomassetti, P., Gennaro, P., Lattanti, L., Mercatali, I., Persia, E.
et al., 2016. Benthic community response to sediment or-
ganic enrichment by Mediterranean fish farms: Case stud-
ies. Aquaculture, 450, 262-272.

Thrush, S.F., Hewitt, J.E., Dayton, P.K., Coco, G., Lohrer, A.M.
et al., 2009. Forecasting the limits of resilience: integrating
empirical research with theory. Proceedings of the Royal
Society B, 276, 3209-3217.

Underwood, A.J., 1993. The mechanisms of spatially replicated
sampling programmes to detect environmental impact in a
variable world. Austral Journal of Ecology, 18, 99-116.

Underwood, A.J., 1997. Experiments in ecology. Their logical
design and interpretation using analysis of variance. Cam-
bridge University Press, Cambridge.

Wilson, S., Blake C., Berges, J.A., Maggs, C.A., 2004. Envi-
ronmental tolerances of free-living coralline algae (Maerl):
implications for European marine conservation. Biological
Conservation, 120, 279-289.

Zapata-Ramirez, P.A., Scaradozzi, D., Sorbi, L., Palma, M.,
Pantaleo, U. et al., 2013. Innovative study methods for the
Mediterranean coralligenous habitats. Advances in Ocean-
ography and Limnology, 4, 102-119.

Zenetos, A., Streftaris, N., Larsen, L.H., 2003. An indicator-
based approach to assessing the environmental perfor-
mance of European Marine Fisheries and Aquaculture.
Technical Report n 87, European Environmental Agency,
Luxembourg 65 pp.

The following supplementary information is available for the article:

Table S1. The main steps used to apply STAR procedure.

Table S2. Sensitivity Level (SL) of the main taxa/morphological groups in the coralligenous assemblages for ESCA index (from
Piazzi et al., 2017a).

Table S3. Descriptors used to calculate ESCA index EQR=((EQRSL+EQRa+EQR)x3-1). Individual EQRs were calculated as
the ratios of the values of the three descriptors to the values of the same descriptors of the reference location for the north-western
Mediterranean Sea.

Table S4. Scores of the Integrated Sensitivity Level (ISL) for the main taxa/morphological groups in the coralligenous assemblag-
es, as obtained combining the values of sensitivity to disturbance (DSL) and of sensitivity to stress (SSL) (Montefalcone et al.,
2017). In the case of alien species, the ISL score is put to -1 a priori.

Table S5. Criteria for the assignment of quality scores to each descriptor for each replicate in COARSE index. ECR= encrusting
coralline algae, NCEA= non calcified encrusting algae, EA= encrusting animals. L = the maximum height found in literature for
each species. The necrosis is evaluated as the mean percentage of necrosis of each individual colony.

Medit. Mar. Sci., 20/3, 2019, 627-635 635



