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Abstract
Biodiversity associated with the Mediterranean gtooral Cladocora caespitosa, (Linnaeus, 1767)

was investigated at three levels: “microscale”,uked on macrobenthic invertebrates within
colonies; “mesoscale”, focused on epibenthic magafaamong colonies; “macroscale”, focused on
associated ichthyofauna. The aim was to quantifp@ated diversity in terms of species richness,
testing the efficiency of colony size (surface aegeby a single colony) for the “microscale”, and
colony density or total coral coverage for “mes@fid “macroscale” as predictors and the
consistency of models based on Species-Area Resile (SAR) for those estimations. At level of
“microscale”, colony size was a good predictor,hwiichness of invertebrates increasing with the
increasing of surface covered by each colonyCoftaespitosa, following Arrhenius model. At
levels of “mesoscale” and “macroscale”, richnesembenthic megafauna and fish were not related
neither to colony density nor total coral coverabeat to sampled area, and frequency-based
estimates of richness were used. The importance.otaespitosa varied according to the

investigation level, with most of taxa richnessedé&td at the level of “microscale”.

Keywords: Cladocora caespitosa; habitat builder species; benthos; invertebratelsthyofauna;

Species-Area Relationship (SAR); Mediterranean Sea
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1. INTRODUCTION

The Mediterranean stony cor@ladocora caespitosa (Linnaeus, 1767) is a well-known habitat
builder, physiologically and morphologically sinil the typical tropical reef-building corals, and
as such it is supposed to host a diversified faass¢mblage (Zibrowius 1980, Peirano et al. 1994).
The few papers available to date from Adriatic ¢8i@li and Nuzzaci 1970, Zavodnik 1976,
Schiller 1993, Pitacco et al. 2014, Pitacco eR@l7), lonian Sea (Lumare 1965) and Aegean Sea
(Arvanitidis and Koukouras 1994, Koukouras et @98, Antoniadou and Chintiroglou 2010),
confirm that macrofaunal communities associatedh Wit caespitosa are particularly rich.
Nevertheless, information provided is extremelygfrented, since most of these works focused
only on invertebrates, and mostly on single taxoieagnoups, such as polychaetes (Arvanitidis and
Koukouras 1994, Sciscioli and Nuzzaci 1970) andrexterms (Zavodnik 1976), and the different
methodologies used make it difficult to compareuttss Coral associated species could represent an
important food source for other invertebrates amedttic fishes, therefore areas with massive
presence ofC. caespitosa are expected to attract them. Nevertheless, wisle assemblages
associated with other habitat builders, such asroaégae and seagrasses have been intensively
investigated (e.g. Lipej et al. 2003, Pais et 8072 Orlando-Bonaca and Lipej 2007, Orlando-
Bonaca et al. 2008, Cheminée et al. 2016), theaegap of knowledge on the role ©f caespitosa

for benthic fishesCladocora caespitosa is the only native colonial and obligate zooxat#te
coral in the Mediterranean Sea (Zibrowius 1980) dnd present in the whole Mediterranean,
although is only locally abundant (Peirano et &94). It has adapted to live in different
environments, from shallow photophilic algal comnti@s to deeper circalittoral assemblages
(Zibrowius 1980, Schiller 1993, Kruzand Benkow 2008, Kersting and Linares 2012, Chefaoui et
al. 2017, Kersting et al. 2017). Nevertheless, miite particular sensitivity to different types of
anthropogenic impacts and climate change (Rodoléalpa et al. 2005, Kersting et al. 2013,
2015) and the fact that its slow dynamics incred@seaulnerability to catastrophic events (Kersting

et al. 2014), its populations are actually decregsand the species was included as “Endangered”
2
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in the IUCN Red List (Casado de Amezua et al. 20T&g loss of this coral could be detrimental
also for invertebrates and fish living in symbiogspecially if parasitic or obligate mutualistic)
with it and, at the same time, associated inveatelsrmay interfere positively or negatively with
coral recovery capacity after a stressful eventt agms reported for tropical corals (reviewed by
Baker et al. 2008). Nevertheless, given the scafoemation available on its associated fauna, the
mutual influence betweefR. caespitosa and its associated benthic communities is stilbrjyo
understood.

Models based on Species-area relationship (SARg baen proposed in conservation biology to
project the expected loss of species richness faamegion undergoing specified levels of habitat
degradation€g. Connor and McCoy 2001, Ulrich 2005) and to estarlatal species richness for
hotspot identification€g. Veech 2000). SAR is among the best known and stadied paradigms

in ecology (Arrhenius 1921, Rosenzweig 1995). Isalies the pattern in which the species
richness increases with the increasing sampling, aned is recognized as one of the few true laws
of ecology (Gotelli and Colwell, 2001). The speeiesa curve is central argument for the theory of
island biogeography (MacArthur and Wilson 1963)t the pattern holds not only for geographic
islands, that are pieces of land surrounded byn{&tacArthur and Wilson 1963, Holt et al. 1999),
but also for ‘island’ system where similar habitgpes are separated in space by relatively
unfavourable habitats islands (MacArthur 1972). Sapplications have been widely used for
terrestrial ecosystems, applied to plants (Arrherdif21, Gleason 1922) and birds (Preston 1960,
MacArthur and Wilson 1963), conversely there anesterably less similar studies for the marine
realm (McGuinness 1984; Chittaro 2002, Neigel 2B&asubramanian and Foster 2007, Reichert
et al. 2010), and most of them deal only with lasgale patterns (Sabetta et al. 2007; Bevilacqua et
al. 2018).

The scope of the work was to improve the presemwkedge on fauna associated with the
Mediterranean stony coral and test the efficierfc3AR models to estimate associated diversity, in

terms of species richness. The aim of the work thasefold: (i) to quantify and characterize
3
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diversity associated witlC. caespitosa in terms of species richness; (i test the efficiency of
colony size (surface covered by a single colony,tf@ “microscale”), colony density and total
coral coverage (for “meso-“ and “macroscale”) asdmrtors of associated species richness; tQii)
test the consistency of different SAR models far #@stimation of species richness in areas with
high colony density. Investigation was performedttate different levels, using for each level
different sampling techniques and designs, and siagu on different scales (from square

centimetres to square metres) and taxonomic groups.

2. MATERIAL AND METHODS

2.1. Study area
The Gulf of Trieste is a shallow semi-enclosed gynient located in the northernmost part of the
Adriatic Sea (Mediterranean Sea). It extends froapeCSavudrija (Croatia) to Grado (ltaly) and
includes the entire Slovenian coast. The maximupthdépproximately 33 m) is found in waters
off Piran. The area is characterized by the lowdster temperatures in the Mediterranean Sea,
which can fall below 10°C (Boicourt et al. 1999)aliSity is about 37 on average, but it is
influenced near the coast by fresh water inputsz@i® et al. 1998). The embayed situation of the
Gulf of Trieste, together with dominant winds blogiin an offshore direction (from the North-
East) and very shallow waters create a quite gleelteondition (Boicourt et al. 1999). The coastal
morphology of the study area varies from steepyatikis to gradual sloping beaches consisting of
gravel and pebbles (Ogorelec et al. 1991). Theyaelbstratum of the Slovenian coast consists
mainly of Eocene flysch layers, with alternatindidsandstone and soft marl (Ogorelec et al.
1997).C. caespitosa is well distributed throughout the Slovenian S@ad in some places it forms
beds ¢ensu Peirano et al., 1994) with very high density @frlg colonies per unit area (from 3 to
652 colonies/100f Lipej et al. 2016), although the average totahtooverage is not high (21%)
with a maximum of 56% (Zunino et al., 2018). Mosttlnose areas are located in the infralittoral

zone, up to about 11 m depth, with the only exoeptf a biogenic formation located deeper, from
4
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12.4 to 21 m depth. This solitary structure is sunded by a muddy bottom, and completely
composed by a secondary detritic bottom mainly nafddead corallites of. caespitosa (Lipej et
al. 2016). In past decades the Slovenian coasagéered from many anthropogenic impacts such
as intensive fishing, sewage outfalls and maricalt(Francé and Mozgti2006, Mozeti et al.
2008).

2.2. Field work
Sampling sites and procedures were chosen in todanit as much as possible the impact on the
local benthic community. Five sampling sites, whialere previously assessed as rich with
Cladocora caespitosa colonies (from 83 to 186 colonies/108nhipej et al. 2016), were selected
along the Slovenian coast (Fig. 1): DebelcRDR), Pacug (PA), Piraek (PR), Cape Ronek (RR)

and Cape Strunjan (STR).

Fig. 1 Map of the study area with indicated samplingssii2ebeli Rit - DR, Pacug - PA, Pirgek

- PR, Cape Ronek — RR and Cape Strunjan- STR.
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Sampling surveys were performed from 2012 to 20itB ®CUBA diving in the infralittoral belt,
between 4 m and 9 m of depth (Table 1). Sampledsacan be considered transitional zones
between infralittoral and circalittoral belts, shog a coexistence of photophilic and sciaphilic
algal assemblagepdfsonal observation). In order to assess faunistic diversity assodiatgh C.

caespitosa a combination of standard techniques and non+asste methods was used.

Table 1 Sampling sites with coordinates and depth range.

Code Site Latitude (N) Longitude (E) Depth range (h
RR Cape Ronek 45°32'25" 13°36'56" 6-10
PR Pirartek 45°31'38" 13°34'30" 5-10
STR Cape Strunjan 45°32'5" 13°36'10" 3-6
PA Pacug 45°31'34" 13°35'24" 5-8
DR Debeli rti¢ 45°35'28" 13°42'88" 5-7
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Research was carried out at three different lev&sypling physically independent areas with
different sampling strategies and different foemgets (Fig. 2): (i) “microscale” level, biodivensi

of invertebrates insid€. caespitosa colonies, scale of square centimetres; (i) “mealtss level,
biodiversity of epibenthic megafauna among colgnsesle of square meters; (iii) “macroscale”
level, biodiversity of ichthyofauna within the ardaminated byC. caespitosa, scale of tens of

square meters, were sampled. For each level aehtfeampling design was followed.

Fig. 2 Research design with the three levels of investiga. For each level are indicated: scale,

target, methodology and sampling design.

Microscale Mesoscale Macroscale

.
cm? m?3 10s m*

Nectobenthic
ichthyofauna within the
area dominated by coral

* Macrobenthic fauna « Macrobenthic fauna within ~ colonies

mside coral colonies coral colonies . V.lsual census
* Traditional methods * Underwater countingand * Linear transects
* Separate areas photographic technique

(colonies) * Non-continuous quadrats

O o

O
O

O

At the microscale level macrobenthic organismsvinside coral colonies were targeted (Fig. 2).

Those animals are strictly associated with cosdsa destructive traditional method was necessary,



141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

being the unique proper technique for determinatdncryptic animals such as polychaetes.
Physically separate areas with different size, esponding to colonies df. caespitosa were
sampled in summer 2012 (Fig. 2). Five coloniesCofcaespitosa from the most common size
classes were collected at each site, for a totabafolonies. Along the Slovenian coast colonyssize
were ranked in six different size classes basedhenlength of maximum axis (Schiller 1993,
Zunino et al. 2018): class | (maximum axis <5 cagss Il (5-10 cm), class Ill (10-15 cm), class IV
(15-20 cm), class V (20-25 cm), class VI (>25 cife biggest colony found by Zunino et al.
(2018) had a maximum axis of 68 cm, but the magjufent size class was class Il (maximum axis
from 5 to 10 cm). Colonies of class VI were rare abserved only at two sites (Zunino et al.
2018). In order to reduce the impact of samplingcpdure orC. caespitosa population only two
large-sized colonies were collected. In this way eeelld check if predictions based on small
colonies could be reliable also for the big ondasg IV). Only colonies fixed to small rocks and
detritus, which could be easily detached from thbssgrate without hammer and chisel, were
collected. Colonies were immediately put in plastickets, and then transported to the laboratory.
This method has proved to be efficient for invesiitgg macroinvertebrates living in association
with tropical corals (Abele and Patton 1976). ldlifidn, as living and dead coral colonies can host
different faunal assemblages (Cantera et al. 2003hreshold of colonies with at least 50% of
living polyps was set during sampling, in orderréaluce the potential bias. This parameter was
estimated before sampling by a SCUBA diver througual analysis, by dividing the colony in
two parts by a virtual axis and selecting only oiés composed of at least 50% living polyps.

At the mesoscale level epibenthic megafauna inimgbdreas among@. caespitosa colonies was
targeted (Fig. 2). Sampling was performed duringeer 2013 and 2014, analysing separate areas
with the same size (quadrats). Quadrat samplindgnodeis a non-destructive diving visual census
methodology, used for benthic fish and invertebr@ateemblages studies, particularly useful to
study sensitive or protected habitat (e.g. Niedex.e2000; Sswat et al. 2015; Yesson et al. 2016).

The term ‘megafauna’, was operatively defined ashnthic fraction with organisms large enough
8
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to be identified in seafloor images (Gage and T¢@92), and in the present work it was used to
define benthic animals determinéd situ or through photo analysis. A metal frame of 1x1 m
separated in 4 subquadrats was placed in area® Wheaespitosa was more abundant (minimum
of 2 colonies per quadrat). Each quadrat was phapbgd, species were determined to the lowest
possible taxonomic leveh situ and organisms were counted and marked on a diats. $-or
colonial organisms colonies were counted. A total®quadrats were analysed (18 in 2013 and 27
in 2014) with a minimum of 3 replicates per sitaua@rat size of 1x1 m was chosen as the most
appropriate, in terms of cost(time)/efficiency lmala, after a preliminary test, comparing quadrats
of different sizes (0.5x0.5 m, 1x1 m and 2x2 m)mBkng time was dependent on the
heterogeneity of substrate inside the quadrats.déhsity (CC) ofC. caespitosa, colony size, as the
surface covered by each colony (A), and the peagentf living polyps (LP) for each quadrat were
calculated later from photographs. In order to &héthe sampling effort was appropriate to get a
general picture of biodiversity at the studied sitadditional 25 quadrats for each of four studied
sites (RR, PA, STR, and PR), were analysed withtqgraphic techniques. Four photographs for
each quadrat were takem 2014 and 2015, one for each subquadrat of 05Bx0for a total of 400
photographs per site. To reduced possible biasiavisount was performed always by the same
researcher.

At the macroscale level the associated nectobenthmthyofauna was targeted (Fig. 2). The
fieldwork was carried out by SCUBA diving from Jute September of 2013, 2014 and 2015,
when the fish species were most active. Data wefleated in situ using the visual transect
technique (Harmelin 1987), a common non-destructivéerwater visual survey methods, preferred
when sampling in vulnerable habitat types or mapnatected areas (e.g. La Mesa et al. 2017,
Emslie et al. 2018). Horizontal transects (MacPterk994, Orlando-Bonaca and Lipej 2005, Lipej
and Orlando-Bonaca 2006) from 30 to 50 m in lervgéine laid out at different depths, depending
on the presence of colonies Gf caespitosa. Transect lengths were chosen in order to include

homogeneous habitat. Depth was more or less cdnstan the whole length of the transect. For
9
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each range, a fixed transect was placed on therho#tith meter-marks. Fish were counted mostly
within 2 m, 1 m to the left and 1 m to the righttbé line. Since diver disturbance could influence
the results (Emslie et al. 2018), when possibl@secutive passages on the same transect were
performed, to test the effect of such disturbantesecies counts. During the surveys, a constant
swimming speed was maintained. A number from 2 tiagsects were performed at each site each
year, for a total of 51 transects distributed ottlee five sampling sites. Species names and
abundances of fishes and number of colonieS. abespitosa were marked on a diver slate during

diving. Visual count was performed always by themsaesearcher.

2.3. Laboratory work and data processing
For the microscale level, the percentage of liypotyps (LP), previously assessed in the field, was
again confirmed at the laboratory by a differentacthor, following the same methods described
above. Subsequently, maximum (length, D1) and minminaxis (width, D2) and height (H) (in cm)
of each colony were measured with a ruler. Finahg, area covered by each colony (A) (in“em
was calculated by the classic formula used forctideulation of the area of an ellipse: A = (D1/2)
(D2/2) &, and the volume (in chwas measured by water displacement. The net \®liMn) was
calculated first, and then colonies were coverdth piastic foil to measure the total volumegV
Interstitial volume (W) was calculated as follows: i =Vi—Vnet All these analyses follows
methods already described and used by Schiller3)19¢ho performed his study in the very same
area, and Peirano et al. (2001). Then all corabries were broken down for sorting and
determination of associated macrobenthic animalrtler to remove sediment trapped between
corallites, samples were sieved through a 0.5 mshrend the sieved material was then preserved
in 70% ethanol. Organisms that were alive at thenend of sampling were determined to the
lowest possible taxonomic level according to retgvhterature and then they were counted.

Colonial species were also determined and theieage on a surface of 20x20 cm was calculated,

10
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but they were excluded from calculation of diversitdices. For determination a stereomicroscope
and a microscope were used for details (morphodbgitaracteristics).
At the mesoscale level all photographs taken unatemwere analysed using PhotoQuad software
(Trygonis and Sini 2012). For the visual methodstpfraphs were used to measure colony length
(D1), colony width (D2), and percentage of livinglyps (LP) of each colony, and colony density
(CC) per each quadrat. The area covered by eaadnycdA) was calculated by the formula
described above for the microscale and used asgdaiae descriptor. For each quadrat the total
coral coverage (&) was calculated as the sum of the areas covereshtly colony (A). For the
photographic method photographs of each subqué@a0.5 m) were analysed for benthic taxa
determination. Since the determination of cert@iecges of invertebrates and macroalgae requires
sample collection and a detailed analysis in laiooyasome of them were left to the genus, family
level and the following operational definitions wesmployed.

2.4. Data analysis
For the microscale level data exploration techrsquwere used to check the presence of outliers,
influential points, and collinearity between vated Log transformation was applied when needed.
Data exploration procedures followed Zuur et al0@2) and were performed with R version 3.2.0
(R Core Team 2015). Relationships among colonympatars (D1, D2, H, A, ¥ and LP) were
tested with Spearman’s coefficientsc{$pearman 1907), and chi square test applied tskai-
Wallis ranks — KW (Kruskal and Wallis 1952) was dige check if those parameters differed
among sites. Cumulative curves for taxa richne$l iwcreasing sample volume Y were created
to check whether the sample size was representatithe sampled area. Curves were also created
for the dominant taxonomic groups separately. iEredkaphs were used to check whether the
relationship between colony size (A) and numbdotdl taxa ($;) was independent from sampling
sites and depth. Graphs were created using Lgi#ickage for R (Sarkar 2008).
The relationship between total number of taxg)(&nd colony size (covered area — A) was first

tested with Spearman’s coefficients for non-paraimetistributions (Spearman 1907). The same
11
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analysis was used to test the relation betweemgade (A) and taxa richness of the dominant
phyla (polychaetes ,§y, molluscs $o and crustaceanscp separately. Regression lines were
calculated to describe the relationship betweewrgokize (A) and richness of total taxaofS
mollusc (Snol), polychaete (&y) and crustacean richnessfSCalculation were performed also
using Vot as colony size descriptor. Analyses on residuaiewwerformed to verify the assumption
of normality, homogeneity, independence and absehgattern in the residuals for validation of
regression models. The linear regression modelogriransformed data was compared with the
non-linear regression models most frequently usefit SAR data: Arrhenius, Gleason, Gitay and
Lomolino (Dengler 2009). AIC (Akaike Information i@&rion) (1) and Adjusted R-squared (2)
were used to choose the best model describingpbei&s-Area Relationship. They are defined by:

AIC = n(logSSesiqua) + 2(K+1) —nlog(n) .. (D)

Adjusted R = 1- (SSesidual (N-K))/(SSota/ (N-1)) .. (2)
Wheren = sample size, S&iquai=Sum of squared deviations of observed values fitied values,
SSotal =sum of squared deviations of observed data flemieanK= number of parameters. With
a lower AIC, the model is considered better in akphg the data, conversely the higher the
Adjusted R the best the model. Calculations were performéagusegan package (Oksanen et al.

2015) for R.

For the mesoscale level data collected with the nvedhods (underwater counting and analysis of
photographs) were analysed separately with the sstatestical methods described below, and
results were compared. Non-parametric Spearmamiglaton — ¢ (Spearman 1907) was used to
test if colony density (CC) was related to sampliegth, percentage of living polyps (LP), and if
observed species richnessybwas related to colony density (CC), percentagévaig polyps
(LP), or total coral coverage {&). Chi square tests applied to Kruskal-Wallis rarks KW
(Kruskal and Wallis 1952) was used to check if agldensity (CC) and total coral coveragedA

differed significantly among sites.
12
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To check whether sampling effort was appropriateaf@ood estimate of species richness of the
studied area, species accumulation curves wererpetl for the total data set and for each site
separately, in both cases with two different methdd according to the original sequence of
recording andii) by calculating the mean of species-area curvei@nsgtandard deviation from
random order of quadrats, sampled without replacén@alculations were performed using vegan
package (Oksanen et al. 2015) for R.

In order to estimate the number of unseen specidsadd them to the observed species richness
incidence-based estimates using the frequenciesp@ties were used (Colwell and Coddington

1994). The functions are the following: Chao bias-ected (3), first order jackknife (4), bootstrap

(5).

S - S+(au(a-1) / 2(a+1)) (N-1)/N .. (3
Sp - So+au((N-1)/N) L) (4
Sp-So+ = %% (1-p)N ... (5)

where $ is the extrapolated richness in a pody, i$ the observed number of species in the
collection, a and a are the number of species occurring only in onerdy in two sites in the
collection, pis the frequency of species i, and N is the nunabsites in the collection.

For the macroscale level the number of fish speoleserved in each transect was weighted
according to the transect length. Density for 100was calculated for fishes and coloniesQof
caespitosa. Non-parametric Spearman’s correlation (Spearn20v)lwas used to test if colony
density (CC) was related to sampling depth, fishess, total fish densities and densities of the
dominant species. Species accumulation curves Witk the same methods described above for
the mesoscale, were calculated: (i) for the fits¢, second and for the two passages combined, to
test the effect of successive passages on thetsansect; (ii) for all transects together and facle
site separately, to test the suitability of sangplieffort to get a general picture of the fish

community. Estimations of species pool were alsdopmed with the same functions described
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above for the mesoscale. Wilcoxon-Mann-Whitney (WMatistic was used to compare results of
both accumulation curves and species estimatiom@\ad Whitney 1947).
A p < 0.05 was chosen as significance threshold. @twations were performed using R version

2.4.0.

3. RESULTS

3.1. “Microscale” level
All measured attributes of colonies Gfadocora caespitosa (D1, D2, H, A, and ¥; p < 0.05),
except LP | > 0.05), were strongly positively correlated (Swgoppéntary material, Table S1),
confirming that the area covered by each colony ¢&) be used as colony size descriptor. The
smallest studied colony (A = 39.9 &mvas collected at site PA, while the biggest (837.1 cm)
was collected at site PR. All measured coral atteb (D1, D2, H, A, and ), and LP) did not
varied significantly among the five sampling si(g$V, p > 0.05).
A total of 222 different taxa were found: 95 polgetes, 64 molluscs, 43 crustaceans, 5 tunicates, 5
bryozoans, 3 sponges, 4 echinoderms, 1 cnidaridri afpunculid. Among non-colonial organisms
11561 invertebrates were counted and 182 taxa determined to the species level (Electronic
supplements, Table S2). Polychaetes were the nbosidant (46%), followed by molluscs (26%)
and crustaceans (18%). The most frequent and abtisdacies (present in every colony) were the
bivalves Rocellaria dubia, and Hiatella arctica, the decapodithanas nitescens, the polychaetes
Lysidice ninetta andEunice vittata and sipunculids. The sampling effort (estimatetbés sampled
volume - M) for the microscale level was appropriate in oftbeget a representative picture of the
entire invertebrate community and of the dominantlg (molluscs, polychaetes, and crustaceans)
considered separately (cumulative curves, suppleanematerial, Fig. S3).
Total taxa richness;gincreased with increasing A and the relationshgs wtrong ¢= 0.813;p <
0.001). This pattern was consistent in all sampgiéal (Trellis graph, supplementary material, Fig.

S4), and all sampling depths (Trellis graph, supgletary material, Fig. S5). The same relationship
14
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held for richness of molluscsy& (rs= 0.622;p < 0.001), polychaetes,sp (rs= 0.711;p < 0.001)

and crustaceans,rs= 0.519;p < 0.01) considered separately (RBy.

Fig. 3 Linear regressions betweére area covered (A) by colonies@fcaespitosa in cnf and: (a)

the total number of non-colonial invertebrategS(b) total number of molluscs £§), (c) total

number of polychaetes (), (d) total number of crustaceans,SAll axes are log-transformed.

Dots = sampled colonies.
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The best model describing how,Sncreased with A was a linear regression on laggformed

variables, following Arrhenius model. AIC values filne comparison among the most frequently

used non-linear models (Arrhenius, Gleason, Giéayl Lomolino) are shown in Table 2. Colony

size (A) exerted a major influence on total invierége richness (& (regression in Fig3a explains

about 68% of the relation between S and A). Thigieficy of the model in predictingeSslightly
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improved using total colony volume (Y instead of area covered (A) as colony size degsurand

the same was observed considering only richnepslgthaetes &)y (AIC values, Table 2).

Table 2 AIC values, and adjusted R-square (Adj ®r models comparison

Model Variables df AIC AdjR?
Arrhenius Stand A 3 187.5
Gleason Stand A 3 185.3
Gitay Setand A 3 186.0
Lomolino Sot and A 3 186.2
log-log linear regression wpand A 3 -18.5 0.7
log-log linear regression topand Mot 3 -19.9 0.7
log-log linear regression mar and A 3 16.2 0.5
log-log linear regression ma and Mot 3 16.8 0.4
log-log linear regression psy and A 3 2.3 0.5
log-log linear regression psyy and M 3 0.3 0.5
log-log linear regression «and A 3 23.7 0.2
log-log linear regression oand Mot 3 24.2 0.2

3.2. “Mesoscale” level

Colony size (A, KW =24.442p < 0.001), percentage of living polyps (LP, KW =.28b6,p =
0.003), colony density (CC, KW = 18.03Y= 0.001), and total coral coverage.{AKW = 25.117,

p < 0.001), varied among the studied sites. Thedsiggolonies (A) were observed at site PR (941.1
+ 370.8 SD crf), and the smallest at DR (216.5 + 164.6 SD)cthe highest values of LP at site
DR (71 £ 11%) and the lowest at site PA (48 + 32Whle highest densities (CC) were observed at
sites PA (7.1 + 2.8 SD colonyfinand PR (6.4 + 3 SD colonyfjn the lowest at site STR (3.6 + 1.3
SD colony/m); the highest total coral coverage{f was observed at site PR (18.8 + 7.4%) and
PA (13.6 = 6.9%), the lowest at site DR (4.3 = 3)280d STR (5.3 + 3.3%). CC was positively
correlated with sampling depth, & 0.586,p < 0.001). Conversely, LP was not correlated wit C
(rs = — 0.217,p = 0.147) nor with depth {= —0.278,p = 0.061). No significant relationship was
observed between the observed epibenthic megafapgaies richness { and CC (¢=-0.087,

p =0.567), LP (¢=0.268,p = 0.07516), nor total coral coverage.{fArs =—0.068,p = 0.659).
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With underwater visual countirmgtotal of 61 different taxa were found: 23 molkistl sponges, 4
echinoderms, 4 cnidarians, 3 polychaetes, 3 create; 3 tunicates, 2 bryozoans. A total of 6764
invertebrates and 1 fish were counted and 48 tax& \Wetermined to the species level. Molluscs
were the most diversified (47 %) and abundant (79a, followed by sponges (19 % of taxa and
16 % of abundance). With the photographic technaplditional three species of invertebrates and
four of fish were observed, for a total of 55 diffiet species. With the use of this technique,
molluscs and sponges were confirmed as the richesips. Species accumulation curves for
epibenthic megafauna recorded with the underwaiswal counting (Fig. 4) have horizontal
asymptotes when all collected samples were usedntduwhen a curve was drawn for each
sampling site. This suggested that more samples m&gded to get a representative picture of each

site, and thus enabling a comparison.

Fig. 4 Cumulative curves for benthic invertebrates at asesle level according to the original
sequence of recording (a, b) and from random avflguadrats, (c, d), for the entire dataset (a, c)
and for each site separately (b, d). Data wererdecbin situ with underwater visual counting.

Vertical lines = SD.
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374  Fig. 5 Cumulative curves for benthic invertebrates at oseale level according to the original
375 sequence of recording (a, b) and from random ooflguadrats (c, d), for the entire dataset (a, ¢)

376  and for each site separately (b, d). Data werermddgrom photographs. Vertical lines = SD.

18



30
]

|

10 20 30 40 50
]
10
|

Cumulative species
Cumulative species
20
]

0
l
0

0 20 40 60 80 100 5 10 15 20 25

quadrats quadrats

40
1

30
]

10 20 30 40 50
l
10
!

cumulative species
Cumulative species
20
]

0
l
0
|

0 20 40 60 80 100 5 10 15 20 25

377 quadrats quadrats

378

379  Species accumulation curves for epibenthic megafaanorded with the photographic technique
380 (Fig. 5Fig. 5) instead were long enough to enaiderinination between sites: site RR showed the
381 highest richness (> 40 taxa) compared with otltes gk 30 taxa).

382

383 Fig. 5 Cumulative curves for benthic invertebrates at aseale level according to the original
384 sequence of recording (a, b) and from random aoflguadrats (c, d), for the entire dataset (a, c)

385 and for each site separately (b, d). Data werdmdgdarom photographs. Vertical lines = SD.
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The two methods gave also different results in seahestimation of species richness. Using data

obtained with underwater counting with extrapolati@chniques we obtained an expected total

number of taxa ranging from 64 to 71, accordindhte different functions used (Table 3). From

calculation based on photographic technique lowalues were obtained, with total richness

ranging from 56 to 62. The two different sampliegtiniques gave markedly different results also

in terms of comparison of extrapolated taxa rickrfes each sampling site. Extrapolation from data

obtained with underwater counting (Table 3) showi#d RR as the poorest in terms of species

richness, with §<23, whereas using data obtained with photografgubnique site RR resulted

the richest with §<39 (Table 3).
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Table 3 Estimates (+ SE) of macrobenthic species richf@sgach site and for the whole area
using different functions, with underwater countifvgsual) and photographic technique (photo).
DR =Debeli Rtt, PA = Pacug, PR = Pir&ek, RR = Cape Ronek, STR = Cape Strunjaps S

observed number of taxa; chao = Chao bias-corrduateddion, jackl = first order jackknife, boot =

bootstrap, n = number of samples.

Site method Qbs chao jackl boot n
DR visual 32 53 +18 43+5 373 8
PA visual 34 60 + 22 46 +5 39+3 15
PA photo 27 37+10 35+3 302 25
PR visual 34 48 £ 10 46 + 6 39+3 8
PR photo 31 43 +13 383 34+£2 25
RR visual 23 31+7 30+4 26 +2 4
RR photo 39 45+5 48 +£3 43 +£2 25
STR visual 29 62 + 30 40+ 4 34+2 11
STR photo 31 43 +13 383 34+1 25
Total visual 58 66 + 6 71+4 64 +2 46
Total photo 51 58 + 6 62+4 56 £ 2 100

The comparison between the two techniques showaddispite the bigger number of samples
analysed, the total number of taxa identified vitie photographic technique was lower than the
one obtained with the underwater method (45 agdafisttaxa) and this difference increase
considering only lower taxonomical levels, suchuge(81 against 50 genera) or species (26 against
48 species). Considering all species recorded &soscale level, 46% of them were recorded with
both methods, 48% with underwater counting and &¥ with photo analysis. Forty % of species

recorded with underwater counting were recorded aidevel of microscale.

3.3. “Macroscale” level
The density of colonies dof. caespitosa varied among sampling sites (KW = 32pl< 0.001).
Considering all colonies from all sampling sitesetation between colony density and sampling
depth (¢ = 0.311,p = 0.020) was observed. The highest density ofl ami@nies was observed at
the deepest site PR (210 + 51 colonies/13) mhile the lowest was observed in more shallow
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waters at sites DR (55 + 35 colonies/10€),nand STR (80 + 25 colonies/100°)mFish richness
was not correlated with number of coral colonies=(10.188,p = 0.170), but there was a weak
increase of fish abundances with increasing demsigolonies (¢ = 0.359,p = 0.007), mainly due

to abundances d@bobius cruentatus (rs = 0.552,p = 0.00001,) Symphodus cinereus (rs = 0.458,p =
0.0004) andParablennius rouxi (rs = 0.264,p = 0.05)

A total of 1383 fish specimens were counted and difierent species were identified
(Supplementary material, Table S2), among them 8nlyere recorded at all sampling sites. The
most frequent species weSerranus scriba, G. cruentatus, Chromis chromis, Diplodus vulgaris,
Serranus hepatus, S. cinereus, P. rouxi andSymphodus tinca.

Results of fish counting did not differed signifitly between the two successive passages on the
same transect, nor between each passage and timevalaa of the two (WMW tesp > 0.05),
confirming that diver disturbance had no significaffect on species counts. Species accumulation
curves showed that the total number of transectfonpeed was enough to get a representative
picture of fish richness of the study area (Fig. §a Comparing species accumulation curves for
each sampling site (Fig. 6b,d), we saw that thaliequm was reached for a lower number of
species at site STR and RR, compared with siteR®Rites PA and DR the cumulative species
curve did not reach an asymptote, but the shapemblative curves indicate that species richness
at these sites should be higher than at STR. Eagefltsh richness differed significantly only
between sites RR and STR (WMW tept< 0.05), with richness at STR lower than at RR.

Estimations using different extrapolation functigave the same results (Table 4).

Fig. 6 Species accumulation curves for fish species foanhall sites (a, ¢) and at each site

separately (b, d), with transects in order of osmre (a, b) and in random order (c, d). Each

transect is weighted according to its length. \éaitlines = SD.

22



v | o
(] a o™~
s & ®
e 3 9 -
a n _] o
w - w
= o — — DR
e o e e —_-
: e ¥ e
© 0 - O — RR
STR
0 -
T T T T T T T T T T T
0 10 20 30 40 2 4 6 8 10 12
transects transects
& ¢ & 7 d
2 o | o
& v ) ‘ P
% & % / ./I ' — DR
— 2 - — _ o - PA
: e 11 | o
o v — (&] { | — RR
STR
w -]
T T T T T T T T T T T
0 10 20 30 40 2 4 6 8 10 12
441 transects transects
442
443
444
445
446
447

448 Table 4 Estimates (x SE) of fish richness for each sitd for the whole area using different
449 functions. DR = Debeli Rtj PA = Pacug, PR Pirdek, RR = Cape Ronek, STR = Cape Strunjan,
450 Sops = observed number of species; chao = Chao biasated function, jackl = first order

451  jackknife, boot = bootstrap, n = number of samples.

Site Sbs chao jackl boot n
DR 17 24 +7 23+3 20+ 2 7
PA 16 22+6 22+3 19+2 4
PR 20 24 +£5 24 £ 2 22 +2 12
RR 18 22+6 212 19+1 8
STR 16 17+1 18+1 17+1 10
Total 25 297 282 26+ 1 41

452
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4. DISCUSSION

Climate change, in synergy with other anthropogemiessures, is leading to a decline of
populations ofC. caespitosa across the Mediterranean (Casado de Amezua 208b). Given its
role of habitat builder its fate is strictly contett to the fate of its associated fauna, but kndgde
on those relationships are still scant and frageterfe.g. Koukouras et al. 1998, Pitacco et al.
2014). The present work provides the first invesimn focused extensively on biodiversity
associated witlC. caespitosa at different levels. It's a pioneer work fillingpse gaps in basic
knowledge and testing promising methods, that celdused to estimate the potential ecological
effects of the loss of this coral also in otheraaref the Mediterranean.

4.1. Macrobenthic invertebrates strictly associateavith coral colony
Invertebrate community living inside coral coloniesCladocora caespitosa was dominated by
polychaetes, which is consistent with previous stigations on associated fauna in northern
Adriatic (Pitacco et al. 2014) and other areashefMediterranean Sea (Lumare 1965, Koukouras et
al. 1998). Their success was probably due to thiginer level of differentiation with regards to
feeding modes and motility compared with other teptoic groups such as crustaceans, enabling
them to colonize all different niches provided loyat colony. In tropical scleractinian corals some
studies reported arthropods as the most frequbafhdant and rich group (Abele and Patton 1976,
Garcia et al. 2008, Stella et al. 2011), wherehgrostudies found Polychaeta to be the richest
group (Cantera et al. 2003). While a certain amaidinbformation on arthropods associated with
tropical corals is available, only few studies &egl polychaetes (140 papers for arthropods and
only 10 for polychaetes, reviewed by Stella et 2011), and this could result in a general
underestimation of the richness of associateddediolychaetes.
In the present work some uncommon species weredfdogether with animals whose taxonomic
position is still under debate. In particular, amanollusc species the presence of the alien mytilid
Brachidontes pharaonis deserves particular attention, as it constitutesfirst record of this taxon

from Slovenia and the third confirmed from the Aic Sea (Lipej et al. 2017). Among
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polychaetes the flabelligeridlabelliderma cinari was recorded for the first time outside libsus
typicus in Turkish waters (Karhan et al. 2012). All repdrtgpecies associated with caespitosa
(Koukouras et al. 1998, Pitacco et al. 2014, presank) have also been found in other habitats,
mainly hard substrate, so by now there are no agee of obligatory relationships. The same
observation was made for species associated witthantemperate cor&culina arbuscula by
McCloskey (1970), whereas, obligatory relationstapes quite common in tropics, involving mainly
decapod crustaceans (e.g. Castro 1978, Coles 1980).

The number of associated invertebrate taxa incseasiéh C. caespitosa colony size (A),
confirming the Arrhenius (1921) model as the beAR3nodel. We can reasonably say that the
relationship between area (A) and species rich®s$ was independent from factors such as
sampling site and depth. Nevertheless, given thidd spatial scale and depth range of the present
work and the wide range of depth and habitats inddlby C. caespitosa, additional investigation

in other areas of the Mediterranean are requiregeteeralise. For dominant groups (polychaetes,
molluscs and crustaceans) considered separatelg thias also an increase of richness with
increasing colony size, so the SAR holds alsoHerdingle dominant phyla. Colony size, in terms
of surface covered by each colony (A), resultedettoee as a good predictor of species richness
(Swr). A significant SAR according to Arrhenius (192frjodel was found also for decapod
crustaceans associated with the tropical déaalllopoda damicornis by Abele and Patton (1976),
but their calculation of expected species numbasetd on number of individuals for different coral
size, lead to a significant overestimation. A gesitelationship between colony size and associated
species richness was observed also by other autiraesmperate and tropical corals (Koukouras et
al. 1998, Garcia et al. 2008). In most of thosaligt total colony volume (e.g. Abele & Patton
1976, Koukouras et al. 1998, Garcia et al. 2008dmBker 2009) and weight (e.g. Reed and
Mikkelsen 1987) were generally considered to offexr most appropriate parameters to estimate
coral size. Also in the present work, total colmmume (M) resulted to be a better predictor and

slightly improved the model. This was due to thet that the surface covered by colonies did not
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represent the real surface available for macrotebeates to settle, which increased with the
complexity of the colony. This fact affects in pamtar molluscs, because they are mainly sessile
and endolithic, and to a lesser extent polychadiesause even if they are mainly free living
(vagile), they are represented also by a consistantber of sessile and endolithic species. For
those groups a species-volume relation (Ss4Rsu Belmaker 2009) could be more predictive for
species richness. Nevertheless, the strict coivaldietween total colony volume and the area
covered by colonies, suggested that both parametetd be used as colony size descriptor, and the
use of area covered by colonies resulted the h@&ny being a less destructive and less time
consuming measure.
Most of works based on SAR models were performeldrger scales (squared metres to squared
kilometers), also in marine environment (Smith &vitman 1999, Levin et al. 2009, Guilhaumon et
al. 2012), and very few papers investigated thaticeiship between area and species richness in
other marine habitats, such as boulders (McGuind€8gl), mussel beds (Witman 1985), and
artificial settling plates (Anderson 1999). Ouruks supported the applicability of SAR also at a
spatial scale of squared centimetres.

4.2. Epibenthic megafaunal community associated witbeds ofC. caespitosa
The present work confirmed that the analysed béd> caespitosa are located in a transition zone
between infralittoral communities, with the presené molluscs such aghylacodes arenarius and
Columbella rustica, characteristic of the biocoenosis of Photophiligad (AP, Péres and Picard
1964), and circalittoral communities, for the preseof coralline algae of gendrahophyllum and
Lithothamnion (personal observations), characteristic of the biocoenosis of Coastalribet(DC,
Péres and Picard 1964). Also macroalgal speciesradxd were typical of both photophilic algal
assemblagedPédina pavonica andDictyota dichotoma; Giaccone et al. 1994) and sciaphilic algal
assemblagedgyssonellia spp., andHalimeda tuna; Giaccone et al. 1994, pre-coralligenoss)su
Pérés and Picard 1964), but they showed low coeernd poorly developed thalli where coral beds

occur personal observations). Such a composition differed from the biogeniorfation of Cape
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Ronek, located close to the studied sites (STR artd hosting the highest density of living coral
colonies of the Slovenian area (up to 652 coloh&#f, mostly with maximum axis < 15 cm;
Lipej et al. 2016). On this formation the epibeatsiommunity was also dominated by species
typical of the infralittoral belt (e.g. the spongelysina aerophoba and coralline algae) but even
more by species typical of other habitats, sucthasspongéseodia cydonium, the sea cucumber
Holoturia tubulosa, the brittle starOphioderma longicauda, and the sea urchirSphaerechinus
granularis (Lipej et al. 2016) anésammechinus microtuberculatus (Pitacco et al. 2014). To date
there is a lack of information on the compositidrepibenthic communities df. caespitosa beds

in other areas of the Mediterranean Sea, but Slhaaespitosa is a species thriving along a wide
range of habitats and depth (Peirano et al. 19%stitg et al. 2017), the composition of
macrobenthic community associated with coral bedskanks is likely highly variable.

At level of mesoscale, observed epibenthic megaflagpeciesrichness (§9 was not directly
related to colony density (CC), nor with total doraverage (A..), therefore estimates of species
richness could not be based on colony presencees. SThis could be due to the fact that, even if
average colony density was high, the total coraecage was not, therefof& caespitosa was not

the dominant species, as observed in other aretdsedflediterranean, where this species creates
banks (e.g. Mljet bank, Kruziand Benkow 2008) or high concentrations of big colonies and
microreefs with high coral cover (Kersting & Linarg012). Differences among sites were mainly
related to different abundance of the dominant iggeand presence of rare or occasional species.
Consequently, the variation of species richnessmaisly related to the records of occasional and
uncommon species with increasing sampled area.iddidence-based estimates calculated are
popular ways of estimating the number of unseea species and are based on the frequencies of
rare species in a collection of sites. Adding thisnber to the observed number of species we
obtain a better estimation of species richness §@#&s et al. 2015), and consequently a better

prediction of species loss in case of habitat diggran. Our results confirmed frequency-based
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estimates on sampled areas as a suitable toobtmies estimate for the mesoscale level, when
sampling effort is appropriate.

4.3. Ichthyofauna in areas with beds o€. caespitosa
The Northern Adriatic ichthyofauna has lower spgceiehness than other Adriatic areas (Orlando-
Bonaca and Lipej 2005). The number of species fowitkdin the present work showed that fish
assemblages associated with caespitosa beds are in accordance with average fish richnéss
infralittoral habitats in the Gulf of Trieste (Onldo-Bonaca and Lipej 2005). As already observed at
the level of mesoscale, also at level of macrosdalere were no direct relations between fish
richness and colony density, and estimates of fighness could not be based on colony sizes.
Previous results obtained from the very sampled &@nino et al. 2018) confirmed a generally
low total coral coverage, with a maximum of 49%sié¢ PR and a minimum value of 6% at site
DR. High species number and density of fish arenknto be related to high substratum complexity
(i.e. habitat heterogeneity), such as rocks and bouldpp®sed to sand or gravel (Macpherson
1994, Gratwicke and Speight 2005), providing mdrelter for adults and recruits (Guidetti 2000,
Cheminée et al. 2016) as well as more nesting fitespawning (Lipej et al. 2009). Similarly,
Balasubrumanian and Foster (2007) identify an emxeeof habitat heterogeneity as an important
factor explaining the increase in species relatvespace. Their study evidenced that species
richness of coral reef fishes in water of SantidgoCuba is positively related to space (area and
volume) in all studied sites. Previously, Chittg@002) stated the importance of microhabitat
richness in increasing the coral fish species gsBnCompared with other infralittoral habitat type
in the Gulf of Trieste, our results showed lowahriess compared with highly structured habitat
types, such a<ystoseira algal belts (31 species) and higher richness coedpavith more
homogenous habitats, such as seagrass meadowc{@s3d©rlando-Bonaca and Lipej 2005). Fish
species recorded are all nektobenthic and epibeniith the exception o€hromis chromis, which
is nektonic and diurnal planktivore (Bell and Halim&/ivien 1983). The most frequent and

abundant specie¢Serranus scriba, Gobius cruentatus, Diplodus vulgaris, Serranus hepatus,
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Symphodus cinereus, Parablennius rouxi and Symphodus tinca) are considered resident species.
They are strictly related to the substrate, sinbeirt main source of food are benthic
macroinvertebrates. Only the density Gf cruentatus, S cinereus, and P. rouxi showed a
correlation with the density of colonies Gf caespitosa. Colonies ofC. caespitosa, with their
physical structure provide shelter for blennies galies, in fact botR. rouxi, and the less frequent
Parablennius gattorugine were observed to hide within coloni&scriba, C. chromis andP. rouxi,
are usually associated with rocky unvegetated apeasith short vegetation, and were already
recorded in the lower part of the infralittoral bat the same depth range of the present work (4-10
m; Orlando-Bonaca and Lipej 2005). Such a habita$ wot suitable for most species of labrids,
strictly associated with vegetated are@gnphodus cinereus, was the only labrid that could be
considered resident and associated Withaespitosa, while the wrass&mphodus roissali, strictly
related to complex algal canopies in shallow deptith asCystoseira andHalopithys algal belts
(Orlando-Bonaca et al. 2008), was found only at site (PR) between 5 and 6 m depth. The
occasional presence of species IRr@matoschistus bathi andGobius fallax, was due to the ability
of C. caespitosa to settle also on debris, colonizing areas covdrgdsediment and gravel
(Zibrowius 1980), which is the habitat preferredthis two species (Lipej et al. 2005; Orlando-
Bonaca and Lipej 2005).
Also for the macroscale level, considering only thmst frequent and abundant species,
assemblages were quite homogeneous among samjpésgand depth, varying only for species
abundance. Consequently, variation of species eshnvith increasing sampled area was mainly
related to the records of occasional and uncomrpenias, confirming frequency-based estimates
on sampled area as a suitable tool for speciema@&®j and prediction of species loss in response to
habitat degradation.

4.4. Comparison of diversity and methodology at thdifferent levels
The present work confirmed the important roleCotcaespitosa as a habitat builder. In total about

300 taxa were recorded, counting for about 1/hefalmost 2000 species known (Turk and Lipej
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2002) for the study area (i.e. the Slovenian phthe Gulf of Trieste). At the same time our result

showed how the importance of this coral dependgherstrength of the associations between the
coral itself and the focal associated taxonomiaigrolhe relationship between the coral and the
associated fauna was stronger at the level of soale and weaker at the level of macroscale. The
major component of biodiversity (almost 80%) reemtdn the present work was detected at the
microscale level (Table 5), which represented tlestnime-consuming and destructive part of the

work (Table 6).

Table 5 Total number of taxa and individuals counted im pinesent work. For colonial organisms a

colony was counted as one individual. * = colomiaanisms excluded.

Number of taxa Abundance
Microscale 222 11561*
Mesoscale photo 46 /
Mesoscale visual 61 6765
Total mesoscale 71 /
Macroscale 25 1383
Total 290 19709

The finding of rare and very poorly known speciesoag the invertebrates associated with
caespitosa at this level showed how the present knowledgatilislimited and how the loss of this
precious habitat builder could negatively affeata@i@ species before they are fully known or even
yet discovered. Also results obtained at the mededevel showed that beds©f caespitosa in the
studied area host rich and diversified communitésnvertebrates. Nevertheless, the number of
taxa recorded with the visual technique representdy the 21 % of total taxa found with the
present work, and the number of taxa recorded thighphotographic technique only 16 %, and not
direct relationship was found between species g@skhrand coral colony. This underestimation of
total invertebrate diversity at this level was niypstue to the methodology. With fast and non-

destructive methods only larger epibenthic anindd$ectable with SCUBA-diving and from
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pictures (megafauna), were considered, overlootiegsmallest cryptic ones, hidden among rocks

and algae, such as polychaetes.

Table 6 Comparison of methods applied at different scates. hours spent underwatef;=
dimension of sampling unit§;= total surface analysed;= % of taxa determined till the level of

species. x = few hours, xx = few days, xxx = maays xxxxx = many months.

Mi Mesoscale Mesoscale

icroscale . Macroscale
photo visual

Sampling unit Colony (cnf)  Quadrat (f) ~ Quadrat () Transect (m)

Time for sampling * X XX XXX XX

Time for sample/data processing XXXxX XXX X X

Number of sampled units 25 100 45 51

Sampling grain? 0.01t0 0.09 h 0.25/1 M 0.25/1mM  60/100 M

Sampling extent® 0.588 nf 100 nf 45 nf 4804

Accuracy of determination” 80% 59% 79% 100%

Repeatibility no yes no no

At the level of macroscale, richness of fish assted withC. caespitosa beds represent 1/10 of the
259 fish species recorded in the Gulf of Triesté,df the 184 species recorded in Slovenian waters
(Marceta 1999) and 1/17 of the 440 species recorded\doiatic Sea (Lipej and Dgi¢ 2010).
Nevertheless, those species represent only 8 %talftaxa richness recorded in the present work,
and a direct relationship with colonies@fcaespitosa was observed only for few species, those for
which coral physical structures provide shelter.

At level of microscale there was a direct relatlipsbetween species richness and colony size, so
estimates based on the SAR could be suitable methodestimate species richness strictly
associated with corals in a non-destructive way [Engest colony found along the Slovenian coast
so far (Zunino et al. 2018) had 68 cm of lengthilested volume = 19369 ¢t The prediction
based on calculated regressions, using the coseirégice (A) as size descriptor, suggests that such
a colony may host a total of 130 taxa (95% configeimtervals: 105-162), among them 39 taxa of

molluscs (95% confidence intervals: 29-53) and 83% confidence intervals: 43-85) taxa of
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polychaetes. The poor fit of species/area regradsiocrustaceans, leave a certain bias on eventual
estimates of crustacean richness. Although suchagoffations should be treated with caution,
especially since colonies larger than 50 cm aleeratare in the studied area (Schiller 1993, Kruzi
et al. 2014, Zunino et al. 2018) our results suggabthe suitability of SAR to predict species
extirpation resulting from the loss of coral colesi bed or banks. Communities living inside
colonies ofC. caespitosa did not varied among sites. Given the limited eldihces among sites in
the study area, estimates based on SAR are cantsisteall sites analysed and can be reasonably
extended to other similar sites along the Sloveon@ast. The habitat and depth range in which this
coral lives is likely to influence the compositiohits associated macrofauna, and this could be an
interesting focus for future investigations. In tAegean Sea Koukouras et al. (1998) found
differences between macroinvertebrates associatbdCycaespitosa inhabiting at different depths
(3-5vs 15-19 m), surrounded by different assemblagest@pindic algal assemblages biogenic
bank surrounded by gravel and sand). In the sam@asar notwithstanding compositional
differences, a positive relationship betwércaespitosa colony volume and number of associated
polychaetes was observed (Arvanitidis and Koukod@8#4), supporting the possible extension of
the application of SAR models to other Mediterranaeeas. Additional studies are needed in order
to refine those estimates and to extend thef. taespitosa colonies in other habitats and areas of

the Mediterranean Sea.

At level of meso- and macroscale the stable compsnef fish and invertebrate assemblages
associated with beds @&. caespitosa have specific characteristics compared with sumdmg
infra- and circalittoral assemblages, despite sldjfferences among sites. Given the structure of
epibenthic megafauna and fish community, frequérased estimates were suitable to estimate
species richness based on sampling area at both rmed macroscale level. Differently from the
microscale level, at level of meso- and macroscalenies species richness was not correlated with

size nor density ofC. caespitosa. Comparison with other habitat types suggested shacies
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richness at those levels likely responded to hah#terogeneity, related not only to the preseriice o
colonies ofC. caespitosa, but also to the different typology of substratel ahe presence of other
benthic species, such as sponges and seaweedsfoFbgcolony density and coverage were not
suitable predictors of species richness at mesbnaacroscale levels. Habitat degradation and loss
is considered as one among the most importantrdri@sponsible for species extinctions (Schipper
et al. 2008). Consequently, the frequency-baseidhatds calculated on sampled area could be
suitable for the prediction of reducing diversigyated to loss of areas with high colony density, b
did not allow to disentangle the effect of the lo§soral itself from other factors increasing habi

heterogeneity at the study site.
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Highlights

e Cladocora caespitosa is an important habitat builder

e Quantification of its importance varied according to investigation scale, method and target
e Colony size: good predictor of associated taxa richness with Arrhenius model

e Sampled area: good predictor for fish and epibenthic megafauna richness

e Epibenthic megafauna and fish richness is no related with colony density or coverage



