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Executive summary

This document reports on thesultsof corallgenous and infralitoral reef researclrried outin
the scope of the ADRIREEF projegta project partner the NGO Sunce (Croati@ata were
collected during the field work carried ofrom September 12 until September 20 2020 on the
Dugi Otok Islanddcation] | Iy A 8 A Bepteyier 2TMiED¥tobea 6 20200n the Vis Island
(location{ { dzLBdddo&ations were selected prioriand theyform part of the marine Natura

2000 network in Croatia
Themainaimsof the undertaken activities were:

1) to characterizethe coralligenousssemblages dominated by gorgonians at the selected
sitesand to assess current level of disturbances, if presendrder o set the baselines
for future monitoring

2) to test severalrecently proposedprotocols applicable for wnitoring the effects of
climate changeon infralitoral reefs

3) to provideon-site practical trainingn reef monitoringfor the employees and volunteers
of the NGO Sunce

The underwater worlperformed by SCUBA divimgcluded photosampling and visual censas
collectdata for the chaacterisation of the coralligenousiodiversityand structureas well agzo
collect dataon potentialdisturbancesacting uponthese circalitoral reefédeveloping below 25

m depth) such asdata on mass mortalities, mucilaginouslgal aggregatesnvasive species,
sedimentation and fishing impactRelated topotential stressors on infralitoralshallow water)
reefs we tested two protocols which were recently proposed within the other Interreg project,
MPA Adaptand have carriel outfish visual census for climate change indicators as wethas
assessment of conservation status and climegkated responses of sessile berthi
macroinvertebrates For the first time, we have also tested the Lost Fishing Gear protocol
(developed vithin a GhostMedorogramme in the Eastern Adriatic, both on cdligenous and

infralitoral reefs This protocol is designed to assdsxh the impactof the lost fishing gear as
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well as to inform decisiomaking process of whether it is feasibleremoveit from the marine
environment. In addition to natural reefsye used an exquisite opportunity &so assessvo
artificial reefs(steamboat shipwreckspund at our study locationshe shipwreck Miched next

to the Dugi Otok Island arttie shipwreck €&ti next to the Vis Island.

Duringfield work, 14 dives were performedn the Dugi Otok Island ar&lon the Vis Islandn

total, 12divers participated in théeld activities

In summary, results revealed rich coralligenous assemblages dominatednioglla cavolinat

[ FAYAOA | YR { { dziBAcAwlbassedtlage] & 21 ydzbIA O6 dleiR & doli A 2 v
present amixed Paramuricea clavatand Eunicella cavolimissemblageCoralline encrusting
algae, thefoundationbuilders of coralligenousutcrops, were more abundant on the V&and,
where oftena representative platdike thalli of Lithophyllum stictaeformenere additionally
contributing to the structural complexity of theutcrops and created additional mictmbitats.

On the Vis Islandhotable was abundance of erect bryozoans, one of the main animal builders of
coralligenous outcropsyith large colonies oPentapora fascialisspecially abundant on Sika 6
site. In contrast, sponges, usually the most species rich group of sessile memtebrates
within the coralligenous, were relatively poorly represented on the Vis sites, whereas they were
muchmore abundant on the Dugi Otok sites. On the latter, bes@@lesrosia reniformisas one

of the most abundantsponges notable was the presnce of the strictly protected sponge
Aplysina cavernicolacontributing to the intermediate layer of the coralligenous habitht.
addition, coralligenous outcrops on the Dugi ®tites were characterized by a dominance of

encrusting red algae belonging family of Peyssonneliaceae.

Densemopulations and larger colonies of the yellow gorgoritamicella cavoliwere recorded

at the Vis Island than at the Dugi Otok Island, velasParamuricea clavatavas present only at
the studied siteon the Vis Isdnd,where itformed a mixed facies of coralligenous assemblages
with E. cavolinilts demography was similao the demography of other Adriatic populations

studied to date that were characterized by great proportion of large colonies (> 40 cm in height).
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However, due to low number of assessed colonies, datd.amavateshould be interpreted with

caution.

All descriptors selected to evaluate coralligenous ecological stdbhas were related to
assessment of its understorey (i.e. its basal and intermedmyer)suggest good conditions at

our study sites. These include species richness and heterogeneity cortgaradiher Adriatic

sites with low levels of anthropogenic pressure, high sensitivity levels indicating presence of high
number of sensitive spées and/or their high abundance such as in the case of dmeichy
bryozoans for example, positive balanoebioconstruction and generally low percent cover of
sediment and algal turf. Howeverelated to the erect layer, the extent of injury of erect
anthozoans (i.e. gorgonians thaixclusivelyform that layerwithin assessed assemblagas
considerable at mst sites, indicating disturbances that can specifically and/or more adversely
affect these more exposed (since they are the tallest within theroamity) and among the most

sensitive organisms.

The mean extent of injury d&. cavolincolonies was almogtvice as high on the Vis Island than

on the Dugi Otok Island. The most affected was population at Sika 3 site followed by Sika 6 (with
mean extentof injury 0f39 and31% respectively) andlmost 80% of affected colonigise. with

injury levels >10% ofotony surface) at Sika 3 and 66% of affected colonies at Sika 6 site.
Meanwhile, on the Dugi Otok Island mean extent of injuryeofcavolincolonies was23%at
[FAYAOA WWRAGEI BYROGA H SAGK pt1: YR nwm: 27

respedtvely.

Mean extent of injury oP. clavatacolonies was higher at Sika 3 than at Sika 6 site$367%),

and overall they were fairly similarotthe ones observed fdE. cavolinat the same location.
Likewise, high proportion of affectecblonies ofP. clavatawas noted, being 66% of colonies
affected at Sika 3 and 85% at Sika 6. Although most of the injuries were old, we also noticed
recent inpries (i.e. denuded axes, mainly on apical tips) that would imply they occurred less than
1 month ago, which could have coincided with the increased seawater temperatures. Other

putative causes may include past and presaethanical abrasion by the fislgigear (either lost



ierrey
Italy - Croatia

EUROFEAN UNION

2N) aGAft Ay dzaST [F3AYAO6A &AdSadnublaghousSaighalS OA | f
aggregates. Although the latter were not observed duthngstudy, theiroccurrencen the past

was confirmed by the owner of a local ohg center.

Besides gorgonian conservation statdise fish visual censualsoreveakd more pranounced
effectsof climate change and seawater temperature increasethe Vis Island, located cca. 80
km south of the Dugi Otok Island. Thermophilic alien fipleciesSparisoma cretenseas
recorded only on the Vis Island and the abundance of anotherntbphilic alien fish,

Thalassoma pavavas much higher on the Vis Island in comparison to the Dugi Otok Island.

On the other handmedium (3060%) to high parentage (>60%) of affected black keratose
sponges were observed both on natural and artifisizllow reefs (d mdepth)2y G KS [} 3y
location, whereas another assessed spon@hondrosia reniformjsappeared unaffected.

Putative causer triggercould include increased seawater temperature over summer period,
however other causes or even muliép causes of such affectation cannot be excluded.
Unfortunately such an assessment could not be performed on the Vis Island due to low number

of individuals/cobnies of target species in comparable depth ranges.

Related toother potentialstressors, hightzundance of invasive green algaaulerpa cylindracea
poses a threat to infralitoral communities on the Vis Island, whereas its abundance was low at
the Dugi Obk Island. Likewise, its presence was noted also within the coralligenous habitat at
the Vis Isdnd, however its abundance was low in the gorgonian dominated assemblages at 35
40 m depth.

Besides assessment of natural reefs, preliminary assessmertdidrsityon the unintentional
artificial reefs- the shipwre&s in this studyepresents a valuable step forwardtime evaluation

of their role. Both visited shipwrecks provide permanent or temporary habitat for many marine
species. Whereas the diversitynéh abundance of macrobenthos was outstanding on the
shipwreck Michele, diveity and abundance of fish species was notable on the shipwreck Teti.
They both advocate the value of artificial reefs in supporting biodivefsiten used as a tool in

conservatbn), provide undsputabledivingattraction and offer a great potential fordeication.
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In conclusionactivitiesconducted within this stugt enabledthe acquisition of dataelevant both
for monitoring of coralligenouandinfralittoral reefs as well agor valorization of shipwrecks as
artificial reefs Assessment of current sizs allowsfor evaluationof changes in the future, either

due to natural or humasinduced causeand informsconservation anananagement plans
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1. STUDY SITES

We carried outikld activities at two locations belonging to timearine Natura 2000 network in
Croatiathat were selecteda prioriby project partnerslocation[ I 3 gnitiie Bugi Otok Island

(Fig. 11.1) andlocation{ { dzLd% @& \Bs Islan@Fig.1.12).[ 2 OF GA 2y { (G dzLJA O6 S ¢
a viable alternative tom@other locationthat wasprimarily envisagedor reef assessmenon the
AaflyR 27F Duingthe fielll thpdt the BiBI&nd, $everal attempts were made to dive

I G LI Aincludhd®lideShy experienced technical divers. However, during the study period,
strong currents were continuously present at the site, and finally decision vade o omit it as

any underwater activitieperformed there were jeopardizing divefsafety. Being only few
kilometres away, hence on the geographical scale where we did not expect significant differences

in biodiversity patterns of coralligenous assengdg as shown previously fathe Eastern

Adriatic Sea (Kipson 2012nd in line with the pract proposal by the partner NGO SunCape

{ GdzLJA 06 S ¢ I an alteddtig ®daSorR with dmord favourable local hydrological
conditions. In addition we managed to carry out few specific activities nearby as well as to
includethree additionalsiteson the island of Visacovecloselil 2 § KS h Kangedidayd 0 | &
t f 2 )Yio\p@orm fish visual censws shallow reefs (Fig.12), otherwise halted at our project
location due to adverse weather conditionSeographic coordinates of all studied sites are

indicated in Table 1.1, ard a quick overview of the methods applied at each site is provided in

Tablel.12. Visualisation othe studied sites if provided in EidL.13t0 1.1.6
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Shipwreck
Michelle

Google Earth

Fig. 1.1.1. Map of study sites on the Dugi Otok Island, | ocati on Lagni i
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Plocica

v
Vis

Fish 2

Shipwreck
Teti

Kamenica

Fig. 1.1.2. Map of study sites on the Vis Island, indicatingt he mai n pr o] e c tandlfoarother i on St
sites where few specific field activities were undertaken.
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Location| Site Latitude Longitude
Lagnici 1| 44°10'12.75"N | 14° 48' 03.19"E
Lagnici 2| 44° 09'59.38"N | 14° 48' 03.10"E

< Lagnici 3| 44°09'37.3"N | 14° 48' 10.0"E
o Lagnici 4| 44°09'44.7"'N | 14° 48' 29.3"E
= Michele | 44°10'02.42"N | 14° 48' 46.11"E
= Fish 1 44° 09'48.74"N | 14° 48' 33.20"E
Fish 2 44° 09'57.52"N | 14° 48' 30.69"E
Fish 3 44° 09'56.86"N | 14° 48' 16.68"E
Sika 3 43° 00" 35.5"N | 16° 04' 06.2"E
Sika 6 43°00'31.2"N | 16° 03'54.1"E
§%) Teti 43°03' 12.50"N | 16° 02' 28.01"E
= Fish 2 43° 04'26.25"N | 16° 07' 22.88"E
Kamenical 43° @' 14.10'N | 16° &' 30.17'E
Plocica | 43° B 5543'N | 16°15 37.45'E

Table 1.1.1. Geographic coordinates (longitude and latitude) of study sites at both locations on the Dugi
Otok and Vis Islands.

Table 1.1.2. Overview of underwater activities/methods carried out at each study site. Photo = photo
sampling, VCRT = visual census along random transect, Video = video transect, MME = assessment of
sessile macroinvertebratesd mass mortalities, LFG = ac

Site Photo
Lagnici
Lagnici
Lagnici
Lagnici
Michele
Fish 1
Fish 2
Fish 3
Sika 3
Sika 6
Teti
Fish 2
Kamenica
Plocica

Location VCRT Video | Fish censuy MME LFG

AIWIN |

Dugi Otok

Vis
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Fig.1.1.3.St udy siifl@ algag r ii | NWofkthe DugicOtok Island): a) a fairly flat infralitoral rocky
botom is replaced by a Posidonia oceanica meadow at 8 m depth which remains interspersed by shallow
reefs down to 17 m (b), a depth which marks the top of a vertical west-facing wall full of lost fishing gear,
either covering the substrate (c) or hanging from the wall (d) which is full of holes and crevices and hosts
rich coralligenous assemblages with considerable structural complexity contributed by large erect sponges,
e.g. Axinella cannabina (d) or abundant yellow gorgonian Eunicella cavolini population (e) that thrives down
to 39 m depth, i.e. till the end of the wall which is being replaced by a detritic bottom. Photo credit: M.

Bel ogevi ib)and(e) byeSpKipson.

10
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Fig. 1.1.4.St udy siit2€L algang nlii | NWoof thet Dug @tok Island): a) attractive shallow reefs
are found between 5 and 8 m depth hosting photophillic algae such as Padina pavonica and Codium bursa
and some of typical sedentary filter-feeders such as a polychaete Sabella spalanzani (b); Posidonia
oceanica meadow interspersed by infralitoral reefs extends down to 18 m, the edge of a vertical wall (c);
At 23 m depth the wall extends to a small ledge where few shoots of Posidonia oceanica are found on the
sediment bottom as well as an empty shell of Pinna nobilis (d). After the ledge, the wall extends down to
40.5 m depth (e) and hosts a well developed coralligenous asssemblage dominated by the yellow gorgonian
Eunicella cavolini(f.Phot o credit: a) to c¢) S. Kipson, d) to f) M

11
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Fig. 1.1.5. Study site Sikka3 (St upi g1 e SW ofche Vis Islamd): a) a shallow starts at 3 m depth; b)
top of the shallow is characterized by attractively shaped infralitoral reefs adding to the seascape value of
the site; c) the vertical wall extends from 4 till 42 m depth; d) infralitoral reefs are dominated by algae, both
autochtonous as well as the invasive alien green algae Caulerpa cylindracea; e) from 25 m depth
coralligenous assemblage is dominated by the yellow gorgonian Eunicella cavolini and there is a notable
presence of a large plate-like thalli of red calcareous algae; f) from 35 m depth the red gorgonian
Paramuricea clavata contribute to the structural complexity of the rich coralligenous assemblage and forms
a mixed facies with Eunicella cavolini. Photo credit: M. Be | o ¢ exweptib) S. Kipson.

12
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Fig. 1.1.6. Study site Sika6 (St upi g1 e SW ofche Vis Islamd): a) a shallow starts at 6 m depth; b)
infralitoral reefs are heavily overgrown by the invasive green algae Caulerpa cylindracea; c) yellow
gorgonian Eunicella cavolini population thrive from 18 m depth on infralitoral rocky bottom till the end of the
West facing wall at 45 m depth; d) coralligenous outcrops developing on the vertical wall are characterized
by many microhabitats such as holes and crevices; e€) Eunicella cavolini is the most abundant contributor
to the structural complexity of the coralligenous assemblages found here and from 35 m depth it is also
present in the form of mixed facies with the red gorgonian Paramuricea clavata (f), making this location a
prime diving attraction. Photo credit: M.Be | ogevi |

13
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2. MONITORINGACTIVITIES

Related to the coralligeous assemblages,t &ach selected location and two sites within,
photosampling wasombined with visual census to gather the information on habitat structure
and function as well as on the degretimpact of the main disturbances (for more details see
Garabou et al. 2015. Random transects used for visual census were also video recorded, to
provide additional permanent documentation. Moreoyesince at our selected sites
coralligenousassemblages werelominated by gorgonians important habitat structunng
organisms and useful indicatorsje also performedassessment of their demography and

conservation statugsee sectior2.2).

Related to infralitoral (shallow water) reefs, we used tipportunity to test two protocols which
were recently proposetb track the impact of climate changelence we carried out fish visual
census for climate change indicators as well as tegessment of conservation status and

climaterelated responses dfessile benthic macroinvertebrates

For the first time, we have als@®dted the Lost Fishing Gear protocol (developed withi
GhostMedprogrammg in the Eastern Adriatiboth on coralligenous and infralitoregefs, when

possible.

Besideghe assessment ofatural reefsat our locationsboth deep and shallow ones, wedan
exquisiteopportunity to assess also two artificial reefs i.e. accessible shipwrecks nearby. Since
artificial reefsare also in the focusf the ADRIREEF projeate documented their associated

biodiversity by underwater photography and videography.

Overview of the methodology, main results and conclusions are outlined below for each of these

activities.

14
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2.1 Assessment of coralligenous assembidas

2.1.1. Overview of the methods

Photosampling

Within coralligenous assemblages,n@nimum of three areas of 2, n? (comprised of 10
contiguous photos of 50 x 50 cm quadrats to ensure species identific&ige2.1.1, 2.1.23a)

were photosampled within the same depth range. Photos waken withNikon D7000igital

SLR camera fitted with a 23 mm lens and howesd n a SEACAMousing.Lighting was provided

by two electronic strobes fitted with diffusers. Such sampling enables further acquisition
(through subsequentphoto analysis) oflata on: (i) the presence and abundance of typical
(target) species, (i) the mitctural complexity based on the cover of species/categories
contributing tobasal layer (including encrusting organisms, boring sponges, turf, bare rock and
sediment) and intermediate layer (massive or bligle organisms below 15 cm in height) (see
below the description for assessment of the third, erect layer), (iii) bioconcretion (through
estimation ofcoverof encrusting calcareous algae and macroinvertebrates contributing to-build
up of the coralligenous outcrops) and (iv) bioerosion (through estomati the cover ofboring
spongeClionaspp. and enumeration of bioeroding mollusRecellariadubia and Lithophaga
lithophagaas well agestimation of the effects of bioeroders from their grazing marks). Besides
acquisition of data on habitadtructure ard function,photoquadrats obtained by photosampling
furnish information on disturbances through estimates of abundance of invasive species and

sediments (already available from the analysis of basal layer, as described above).

Sincethe goalwasalso to claracterizethesecoralligenous sitefor the first time,we additionally
performed photosampling of a minimum of 3 replicates of 0.3uBing 25 x 25 cm subquadrats
(Fig.2.1.2b) to ensure a more reliable identification of organis(as suggesd previousy by
Kipson et al. 20113incecertain level of detail (useful for species identificatiomgy belost when

50 x 50 cm subquadrats are used.

15
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Photosampling unit 1
composed by 10 50x50 cm quadrats
Other spatial arrangements are possible

llllllllIllllIlllllllllllllllllllllllllllIlllllllllllllIlllllllllllllllllllll-llllIIllllllllllllllllllll-llf

Fig. 2.1.1. Scheme of photo sampling carried out within coraligenous assemblages dominated by
gorgonians at the selected sites (adapted from Garrabou et al. 2015).

Furthermore,to compl with the most integratedassessment of coralligenous ecological status

so far (Piazzi et al. 2018nalysis was baseazh the Pbllowingdescriptors:

1. The percentage cover ofd@ltonspicuous taxa/morphological groups was evaluated for each
sampleusing a Photoquadoftware (Trygonis & Sine012). Analysiof percent coverage was
based on the grid method, with26 cell divisiorper 50 x ® cm quadrat, assigning kast one
categay (species/taxaor bare substrate typpto each 4 cr Following Piazzi et a018), the
overall Sensitivity level (SL) was calculated by multiplying the value of the SL of eacraxon/
(seeAppendix3) for its class of abundance and thieyxssummingup all the final values. The cover
values of each taxon/morphological group vessigned teight classes of abundancee€Piazzi

et al. 2018 and references thergir(1) 0 to 0.01%; (2) 0.01 t00.1%; (30.1 to 1%:; (4) 1 to

5%:; (5) 5 t0 25%; (6) 2%0 ~ 50%; (7) 50 t075%; (8) 75 t0 100%)Hence, a kgher overall score

would indicate a more pristine site.

16
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20 ¢ KS NA OKY Sé dhe meam RumiiesS diha (adedioups perreplicate) was

computed.

30 ¢ KS | waRkdvaGddiag theemeardistance of alreplicateswithin eachsite from
centroids calculatedhrough PERMDISP procedurgn@erson 2006 Andersonet al. 2006. In

dzy RA & G dzNb SR 02 y R Miverstyvéid b& ek detbordlligeddusdaeTo its

high variabilityat smaller spatial scalesstemming mainly from the patchy distribution of the
organisms thriving thereDisturbances such as the loss of structuring perennial species and the
proliferation ofephemeral algae lead to widespread biotic and to a consequlergdhuction of

I Aiversity(see Piazat al. 2018 and references therein)
4. The percentage cover of sediment and invasive algae was estimated for each.sample

5. The thickness of the calaous layewas measured using Kl Y RTK St R ity S NP
minimum of six replicatedneasures pesite. Since he calcareous accretion @ogenicreefs

such as coralligenousay be impaired bitumandnduced impactsthe thickness and consistency

of the calcareous deposit can be considered as a good indicattieaddcurrence of a positive

balance in the bioconstruction processe. bioconstruction prevails over bioerosiarhus,null
penetration of penetrometeris indicative of a hard rock and sugtgethat either the biogenic
substrate is absent or the biocomsttional process is no longer active; a millimetric penetration
indicates the presence of active bioconstruction resulting in a calcareous biogenic substrate; and

a centimetricpenetration rewals a still unconsolidated biocdnsction (see Piazzt al. 2018

and references therein)

6. The size (mean height) arnide percentage of necrosis arepibiosis of erect anthozoans

(gorgoniansyvasassesseth situ(see section 2.2)

17
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Fig. 2.1.2. Example of: a) 50x50 cm subquadrat and b) 25x25 cm subquadrat used during photo sampling
within coralligenous assemblage at Stupigle |l ocation,

Visual census and video alomgndomtransects
Visual census along e 10 x 1 m horizontal transects was carried out to assess the third

component of degree of structural complexiyhe erect layer (by estimating the abundance of
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arborescent and massive species that can reach heights and/or diameters above IBnem).
diver set the transect using a reel (marked at each 1 m lengtigreasthe otherone estimated
densityof the organisms belonging to the erect layer, i.ee times higher than 15 cmh€ latter
diverobservedhe surface that extends 50 cm over &b@lcmbelow thetransect and afterwards
he/she moved to the next AHence the estimates were madeithin each 1 mMof the transect
andthe categories of density weresedas indicated in Fi@.1.3to avoid counting of all colonies

and hence, @ speed up the workinderwater (usually around 35 m depth)

EIEE?EEEEEExa

< 10 m >

The erect layer
o Ts e gt lll-l

N of colonies/m2 1-2 2-10 10-20 >20

Fig. 2.1.3. Visual census along random transect performed to aid the assessment of structural complexity,
through estimation of of the erect layer. Images ilustrate species usually forming the erect layer in the
coralligenous: a) gorgonians, such as Eunicella cavolini and big sponges such as b) Aplysina cavernicola,
¢) Axinella cannabina and d) Axinella polypoides. To avoid counting of all colonies, categories of density
were used as indicated in the scheme.
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The total cover of the erect layer for each transect is obtained bynsing up the values of scores

for each category determined for each quadrat:

Category
1 2 3 4 5
Score 0 1 2 3 4

Finally, the cover of the erect layer is obtained from the total score per transect (i.e. the sum of
the scores of ta quadrats). The total score can range from 0 to 40. The estimate of erect layer

cover in each transect is determined according to theofelhg categories:

Total score value

0 1-10 11-20 > 20

Cover Null Low | Medium| High

Besides d@mation of the erect layer, visual census along the same transects allowed for
estimation of abundance of mactwoeroders such as sea urchi@phaerechinus granulareéd
Echinussp. (by counting total N of individuals of each species in eaddopt along the same
transects Fig.2.1.4) as well as estimation of the cover wiucilaginous aggregatesising the
categories as indicated iRig.2.1.5 Estimatesof the cover ofmucilaginous aggregates can be
made in each quadrat to cope with thpotential heterogeneity, however usually this
phenomenon is quite homogenous, at least at the scale of the 4@ransects,hencea single

estimate for the whole transeachay beprovided.
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1m
s[zzzzz;zz; X3
€ 10m >

Fig. 2.1.4. Visual census along random transect to assess the efect of macrobioeroders.

1m

X3

1m

<€ 10m >

Category 0 (Null): 0% cover of the transect

Category 1 (Low): low abundance in the basal-
intermediate layers AND/OR in the erect layer

Category 2 (Medium): High abundance EITHER in
the basal-intermediate layers OR in the erect layer

Category 3 (High): High abundance both in the
basal-intermediate layers AND in the erect layer

Fig. 2.1.5. Visual census along random transect to assess the impact of mucilaginous outbreaks.
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To provide additional permanent records afjreater surface of coralligenownd to compare
assessmenin situ vs assessment based on video arsdymarked transects used by divers for
visual censug¢Fig. 2.1.pwere alsorecordedwith a GoPro7 camerafitted with external lighting
(BigBlue Black Molly)VBoth photosampling and vidececordingmethods appliedallow for the
extraction of data thacanbe used forcharacterization of assemblages as well for estimation of

descriptorsaimed to assess coralligenoesologicabktatus.

Fig. 2.1.6. A diver performing visual census along the random transect within a coralligenous assemblage
dominated by the yellow gorgonian Eunicella cavoliniat t he Lagni |l i |l ocation (Dugi
Photo credit: Z. Jakl.
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2.1.2. Main results

Characterization of coralligenous assemblagesommunitycomposition and habitat structural
complexity

Overall, 120 images of 50 x 50 cm subquadfatsurfice of 30 riin total, 7.5 nt per site)have

been examined and a total & macrobenthic taxa (i.e. categories sdssile organisms) were
identified from photographs26 macroalgag9 Chlorophyta, 14 Rhodophyta, 3 Ochrophyfa)
protozoan, 33sponges,10 anthozoans,l hydrozoan4 polychaetes, 1 bivalvd, gastropod, 12
bryozoans and 0 ascidiangsee Appendix). Based on this photosampling effothe highest
number of taxa was recorded &ika 3 sit@n the Vislsland {4taxa) and the lowestdt I 3¢ A 0 A
(63 taxa Fig.2.1.Y. These values arm generalslightly higher than the ones reportedrfthe
Adriatic Sea so far, using the same sampling effort (&.¢p 45 taxa were recorded for sites in

the Northern Adriatic, Kipson 26). Approximatelyl/3 of recorded taxa (36) were present at all
surveyed sitesThe most species ridaxonomic groupvas the one of sponges at both sites on

[ FAYAOA €20FGA2Yy 65dzAA hG2]1 LatlryROX gKAES
{ G dzLIA O 06 S Islantl)il Stier ndaith Aaxonomic groups, i.e. anthozoans, bryozoans and

tunicates showed comparable spies richness at all sites (Fig.2.1.8).

The analysi®f additional images of quadrats 25 x 25 crni@ges within the replicate of B.n¥,
5 replicates pesite, in total 40 images 2.5 n¥ per site) revealed another 10 speci@gbupsat
each site orthe Vis Island, 6 new onesfatt Ay A0 A ™M & A (i2%iteloythe Dugi Otdk i [ |
Island(Fig. 2.1.). Thesenvere mainly small, more conspicuous specie®séhidentification was
enabled by more closap images that revealed more details and/or by iesfoon of larger
overall suréce, e.g. bryozoameaniasp, hard cora Carpphyllia inornataand Hoplangia

durotrix, white encrusting colonial ascidians belorgto the family of Didemnidaestc.

Whereas presence and/or abundance of algal and animajoistructors depended on the
location or the site (see below a detailed characterization of coralligenous assemblage at each

site), agglomerativespeciessuch & spongeFasciospongia cavernosad bryozoarBeaniasp.
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were commonly found. Likewisthe mainbioerodersat all sitesvereboring sponge€lionaspp.,

and the endolithic bivalv&ocellariadubia

100
a
O
80 - o o ©
() @ ®
@
8 60 -
8
©
bz
40 ~
20 - @ 3x25m?
O 3Xx25m*+5x05m?
LAG1 LAG2 SIKA3 SIKA6
40
b E Algae
[ Sponges
[ Anthozoans
30 - [ Bryozoans
[ Tunicates
]
x
©
o 20 S
o)
=z
10 -+
O T T T T
LAG1 LAG2 SIKA3 SIKA6

Fig. 2.1.7. Number of taxa recorded within coralligenous assemblages (30 - 40 m depth range) at each of
the 4 studied sites: a) results of photosampling of three replicates of 2,5 m?2 per site and photosampling of
three replicates of 2,5 m? and five replicates of 0,5 m?; b) richness of the 5 main subsets of taxa (based on
photosampling of three replicates of 2.5 m? per site).
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Fig. 2.1.8. Additional photo and video analysis revealed several previously undetected species in the
coralligenous habitat: a) unidentified branchy coralline algae, b) unidentified sponge or tunicate (no expert
consensus at the moment of report preparation) i indicated by a white arrow. Photo credit: M. Belo § e v i |
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In addition to sampling of photoquadrats, all available images and videos were inspected and
hence, additional taxanot previously recorded at the respective site were noted. The number of

taxa recorded irthis way ranged from 2 to 18 per siteligt of all taxa is provided in Appendix 4.
[ FAYAOA ™

The basal laye2 ¥ O2NJ € f A3Sy 2dza | a(®idY0oli3lds;2.1.9 largdrly Iy A O
dominated by several spees of encrusting Peyssonneligleghich present the main algal

builders hergreaching considerable cover 3652% Fig. 2.19 a, Fig. 2.113). These algae are

to amuch lesser extent followed by encrusting coralline al@@%ocover) attaining around5%

coverin total (Fig. 2.1.13,2.1.16). Out of otrer algal categories, gem algalturf is found here

with 6.7% coversimilar tothe category of mixed turf (i.e. mixed algal and animoai-forming

species intermingled with sedimegtains; e.g. some species of small hydrozoans mayfglass

animal turf 6.45%cover, Fig.2.115). Other algaeare ether absent or theyare present in low

abundance.

In the intermediate layer Flabellia petiolatais the main algal contributor0(34% cwer, Fig.
2.1.15).The most importangroup constitutingthis layer is the one of massive spongedich
are present here in the highest abundance of any studied site (7.5%,déige2.1.1h Species
such aChondrosia reniformjé\plysina cavernicoldrcinia orosIrciniasp. and category of black
keratose ponges represent this grou@rig. 2.19 b,c). Whereas encrusting bryozoans are the
main animal builders in the basal layer (3.2% cove@nthy bryozoans(4% cover) such as
Myriapora truncataand Smittina cervicornighedonellgpallasifulfill this rolein the intermediate

layer(Fig. 2.114).

The erect layer is formed exclusively by the yellow gorgoBmamnicella cavolirfFigs. 1.1.3 e; 29.

c)., contributing to theuppermedium level of suctural complexity (Fig. 2.18).
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Fig. 2.1.9. lllustration oft he coral | i genous als ssdmbel a(gleo caatt i loang nLiaigini | i
Island) assessed at 35 m depth: a) several species of encrusting Peyssonneliales present major algal
builders in the coralligenous basal layer where it seems as the occassional organic matter input may be
provided by fallen posidonia leaves, b) intermediate layer is largerly constituted by massive sponges such
as this keratose one or c¢) Chondrosia reniformis; yellow gorgonian Eunicella cavolini forms the erect layer
and adds to the structural complexity of the assemblage. Likewise, holes and crevices create additional
microhabitats here, convenient also for sediment retention. Photo credit: M. Belogevil
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[FIYADA H

In terms of composition and structure of coralligenous assemblage thig-gife 1.1.4,f;2.1.10)
iSOSNE &AYAT | Nanibg idéntica gefcénhicovar SayssonBehapp.was recorded

hereas at Lag A 8 A M 56%)A follBwedbyoeactusting coralline algae witi% cover (Fig.

2.113). Hence, hese speciegpresent the main algal builders in the basal layer of coralligenous
reaching similatotal values(43.5%cover, (Fig. 2.116). Likewise, encrsting bryozoans as the

main animal bioconstructors are presehty’ & A YAf I NJ I odzy RFyOS | &a I
Fig.2.1.14 Green algal turf (4.4% cover) and mixed turf (8.3% cover) are also found among

constituents of the basal lay€Fig.2.1.15)

Again, massive sponges, represented primarily by species suChasdrosia reniformjdrcinia
sp. and category of black keratose spongesthe main contributors to the intermediate layer
(5.2% coveyFig. 2.110b,c; Fig. 2.1.5). SpongeAplysina caverabla a strictly protected species
by national legislation and international conventiotistives in the coralligenous assemblage
here but finds also adequate substrate on the lost fishing gear (see sectionF2y.2.5.4 H.
Branchy bryozoans as the maioconstructors in the intermediate layer are present with 4%
cover (Fig. 2.14). Of these, the most abundant species wédgriapora truncataand Smittina

cervicornig Aedonellapallasi

Ad |G GKS [he &attilayer is formédiexicsivelyithe yellow gorgoniafEunicella
cavolini(Figs. 1.1.4 f; 2.10 c) contributing to theslightly lower (.e. mediumvs upper mediun

level of sructural complexityhere (Fig. 2.118).
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Fig. 2.1.10. lllustration of the coralsigenpuscasisembLagei i
Island) assessed at 35 m depth: a) in the basal layer encrusting Peyssonnelia spp. are predominant species

and the main algal builders; green algal and mixed turf as well as sediment are present here with an overall

of 15% cover; b) within the basal layer encrusting bryozoans represent the main animal builders whereas

massive sponges are among the main contributors to the intermediate layer such as Ircinia sp., ¢)

Chondrosia reniformis and occassionaly Aplysina cavernicola; the yellow gorgonian Eunicella cavolini

forms the erect layer. A lot of diverse lost fishing gear was observed at L a g nacadtién, slich as longlines

present in this image. Photo credit: M. Belogevil
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Sika 3

Thebasal layeof coralligenous assemblage at Sika 3 site is predominfmttyed by encrusting
coralline algag amounting to the highest percent cover of allestigated ges (293%, Fig.
2.1.13. Some of the algae belonging to this groupamely Lithophyllum sticteaforme
occassionaly form representative plaike layered thalli (with approximately 4% cover) that add

to the structural complexity of the assdiage and create additional microhabitatgs well as
contribute to attractiveness of recreational diving theféig.2.1.11b,c). Other constituents of

the basal layer include several species of encrusting Peyssonndliateae present withl8.3

% cove (Fig.2.1.13)Hence, encrusting red algae account in total for almost 50% cover at this site
(Fig 2.1.19. Out of other algal species in the basal layer, notable is the frequency of occurence
of Palmophyllum crassunincrusting loyozoang4.1%cover)andserpulidg0.56% coverare the

most abundan@nimal species in the basal layer and the main animal builuenes (Fig. 2.1.14)
Interestingly,sponges (otherwise one of the most diverse taxonomic group within coralligenous)
wererarely presenin the sampes andif theywere, theywerenever abundan{Fig. 2.1.15)The
exception ighe bioerodingspongeClionaspp.,whose presencéevident only from the oscalon

the surface of the substrajavas frequentOn the contraryanothermainbioeroder, the molusk
Rocellariadubia was fairly rarely spoted.In the basal layer theravas also considerable
abundance of mixedlgal and animafe.g. Hydrozoangyrf forming speciesntermingled with
sediment, that oftercovered encrusting red algaéhis categorywascoined ast Y A E S Rnd{ dzNJF ¢

amountedto 11% cover at this sitd;ig.2.1.15see example in Fig.1.12 h).

In the intermediate layer the maianimal buildersvere branchy bryozoang.6% coveryuch as
Smittina cervicornifAdeonella pallasand Myriaporatruncata(Fig.2.1.14)although presents
relatively small coloniesthe ones ofM. truncatararely exceedd 3-4 cmin height whereas the
ones of Smittinaervicornid Adeonellapallasirarely exceedd 10 cm O other animalsmainly
ascidians such ddalbcynthia papillosand Aplidiumcf. tabarquensisvere noted. Fom algae
within intermediate layeCodium bursand C.cf. effusum(0.33% coverjvere present as well as
Flabeliapetiolata (2.3% cover) with rare appearance oérect Rhodophia (0.07 % cover
Fig.2.1.1%
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The erect layer wasormed exclusively by gorgonians, both the yellow gorgoritamicella
cavoliniand the red gorgoniaRaramuricea clavatéFigs. 1.1.5 e,fFig.2.1.1k),whereas neerect
sponges were observeeither within image samplasor video transectsThelevel ofstructural

complexitywas evaluatedsthe upper medium, occassionaly even as high @Figl9
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Fig. 2.1.11. lllustration of the coralligenous as sembl|l age at Sika 3 site
assessed at 35 m depth: a) in the basal layer encrusting Corallinales and Peyssonnelia spp. present the
main algal builders, reaching almost 50% cover, whereas encrusting bryozoans are the main animal
builders; b) coralline algae often form representative plate-like layered thalli at this site, contributing to the
structural complexity and formation of additional microhabitats; c) in such plate-like formation, coralline
algae even contribute to the intermediate layer, alongside green algae Flabellia petiolata and the main
animal builder there - branchy bryozoan Smittina cervicornis/Adeonella sp.; the erect layer is formed by
gorgonians Eunicellla cavolini and Paramuricea clavata, occassionaly considerably injured and overgrown
by epibionts. Photo credits: M. Belogevil
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Sikab

The basal layer otoralligenous assemblage at this sfteg. 1.1.6 e,f; Fig.2.1.1B) primarily
formed by encrustingorallinealgaeand several species of PeyssonrieBahoweverthey are
presentin lowertotal percent cover than abther Vis Islad site,Sika Jaround28%vs 50%Fig.
2.1.13 Fig.2.1.16. The abundance of encrusting coralline aldgy@ee was still almost twice as
high as orthe Dugi Otok Island sites (586), whereashe lowest percent cover dfeyssonnelia
spp. was recorded heraf all investigated site@.3% Fig.2.1.13 On the other handpercentage
of mixed turf waghe highest here (20%, Fig1.15, 2 to4-fold higher than on other site©ther
constituents of the basal layer inclu@mcrusting bryozoans3(8% cover) andespulids (.7%
cover) as the main animal builder§ig.2.1.14) Again surprisingly, ppnges were almost
completely absentfrom photo sanples (Fig 2.115), except of bioerodingClionaspp. The

molluskRocellariadubiawas another main bioeroder here

Oneof the most characteristic and representative aspeattSika 6 site was high abundance of
large colonies of bryozoaRentapora fasci@ (with 9.7%covel) in the intermediate layer (Fig.
2.1.12 ¢), as well as of otherrect bryozoansréachingl35% covein total, Fig. 2.1.4) such as
Smittina cervicornifAdeonella pallasasndMyriapora truncata adding considerably to thaverall
bioconstruction. Related to other animals within this layer, not only massive sponges, but
massive animals in general wererely present here (Fgg 2.115, 2.1.1¢. From algae within
intermediate layey Codium bursand C. cfeffusum(0.37% cove) were noted. Likewiseaxa
considered as rather sensitive according to Piarzail. (2018; seeAppendix3) suchasFlabelia
petiolata and erect Rhodophytavere present here in the highest abundance of all s{&24%

and0.43% coverrespectively, Fig. 2.15).

Like at Sika 3 sitethe erect layer was formed exclusively by gorgonians, both thiwel
gorgonianEunicella cavolirand the red gorgoniaffaramuricea clavatéFig. 1.1.6 e,f;2.1.12c),

resultingin the level ofstructural complexity evaluateaisthe uppermedium tohigh (Fig2.1.19.
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Fig. 2.1.12. lllustration of the coralligenous assemblage at Sika 6 site (location St upi gl e,
assessed at 35 m depth: a) encrusting Corallinales and Peyssonnelia spp. were the main algal builders
and encrusting bryozoans were the main animal builders in the basal layer; b) category of mixed turf was
the most abundant here from all studied sites (cca 20% cover) however one of the most prominent aspects
of this site was high abundance of erect bryozoans in the intermediate layer such as Pentapora fascialis,
present as small or c) large colonies, whereas the erect layer was formed by gorgonians Eunicellla cavolini
and Paramuricea clavata i on this image present also as juveniles (< 15 cm in height) contributing to the
intermediate layer. Phot o credit: M. Belogevil
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Fig. 2.1.13. Abundance (percent cover) of the main algal builders within coralligenous assemblages at sites
on the Vis and Dugi Otok Island. Data are shown as a mean + SE.
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Fig. 2.1.14. Abundance (percent cover) of the main animal builders within coralligenous assemblages at
sites on the Vis and Dugi Otok Island. Data are shown as a mean + SE.
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Fig. 2.1.15. Abundance (percent cover) of selected morpho-taxonomic or functional groups within
coralligenous assemblages at sites on the Vis and Dugi Otok Island. Data are shown as a mean + SE.

36



ierrey
Italy - Croatia

EUROFEAN UNION

EE Algae_encrusting
[ Algae_massive
FH —— Il Algae_tree
SIKAG E 1 Animal_encrusting
B Animal_massive
@ Animal_tree
— B Animal_cup
SIKA3
; H
LAG2 E
|_|
LAG1
0 10 20 30 40 50 60
% cover

Fig. 2.1.16. Abundance (percent cover) of the main morphological groups of macrobenthos within
coralligenous habitat at each study site. Data are shown as a mean * SE.

Beside sessile mambenthos, additional photos anddeos taken at each site were usednate
the presence ofvagile fauna in the coralligenous (see Appendix 4) without any intention to
compare sites, since no equal sampling effort was applied. $6meeorded speciesra shown

in Fig.2.1.17.
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Fig. 2.1.17. Example of vagile fauna observed within coralligenous habitat that all present diving attraction,
some are endangered or are commercially valued: a) Anthias anthias, b) Serranus cabirilla, c) Ephinephelus
marginatus, d) Palinurus elephas, d) Phycis phycis, f) Muraena helena, g) Scorpaena scrofa. Photos are
taken at Sika 3 and Sika 6 sites, VisIsland. Ph ot o cr e di t excepb) aild) IS.Kipsow. i |
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The degree of complexity of coralligenous habitabmparisonof the assessment undertaken

by different observers or by diffent methodsz visual census in situ vs. video analysis

The estimates of th erect layer as a part of the assessment of coralligenioustaral complexity

in majority ofcasesdid not differ considerably among the different observers who undertook
assessment eithein situor from video recording¢Figs 2.1.18, 2.1.19 Although estimations
could differ for individuasubquadrats, mn most cases the final score assigrias a sm of scores

for 1 x 1 m subquadrats along a transect, see methodological seetmsgimilarfor different
observers and it usually indicated a meditorupper mediumcomplexity {otal score between

10 and 20,Figs.2.1.18, 2.1.1% Likewise, there were a considerabledifferences between
assessmerin situand the subsequent one fromvide&SE OSLJi Ay GKS Ol as 27
medium complexity was estimated by most observars] high complexity by Observer 5 based

on video. Nevertheless overaligh compatibility of scores fronm situand video analysisnply

the underwater work coul be reduced and a reliable estimate could be obtained from a desktop
analysis, if the quality video is provided, i.e. the marked trangsgoobsitionedin situto follow

the relief of the substrate, the appropriate video lightiisgn place and the distece of camera

from the substratasright (i.e. as close as possible to catch the video frame including 50 cm above

and 50 cm below the marked transegthe reeQ @pe).
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Fig.2.1.18.Locati on Lagni | Esfimafiokof Delegect lagt (aska part of the assessment of
coralligenous structural complexity) by multiple observers in situ along 3 marked transects (10 x 1 m) and/or
subsequently from video recordings. All transects were set at 35 m depth.
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Fig.2.1.19.Locati on Stupi gle, SW Vis Island. Esti mation of t
coralligenous structural complexity) by multiple observers from video recordings along 3 marked transects
(10 x 1 m). All transects were set at 35 m depth.
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Estimates on the abundance of machaoeroders (sea urchins)

Surprisingly, during both field trips, not a single sea urelasobserved along transects.

Estimateof coverage of mucilaginous aggregates
During field survein September and Octob&020no mucilaginous algal aggregates were noted

at any of the monitored sitesn the Dugi Otok or the Vis Island.

Assessment of coralligenoesological status

Similar species richnegalpha diversity, i.e. number of speciemta per sampling unit/replicate
mean number of 51 to 57 species per 2.5)rnwas observed at all study siteshereas
heterogeneity (beta diversity, i.e. variabilityn gecies compositionamong sampling
units/replicates within a study sifesee methods seion for further explantatior) was slightly
higherat Sika 3 site with the meavalue of distance to centroids of 23, as opposed to 19 at
[ FAYAOA mMXI | Wi SikapgFid. 21120). Thi yeauli Would indicate Sika 3 was the
most heterogeneoughat is, the least prone tpotential homogenization due to human induced
impads. Since these descriptors are influencedthe size of the sampling unigplicate, véues
reported here cannot belirectly compared to the ones reported by Piazzi et24l18 {.e.these
authors considered 0.2 fras a replicatess 2.5 nf considered hee) but it can be compared to
the onespreviouslyobtained from low impact sitein the Eastern Adriatic by applying the same

sampling approacfKipsonret al., unpubl. data).

As opposed to these 2 diversity descriptors, all of the others can be compafidzriet al.

(2018 because they are based on percentages or punctual field measnts. Hence, besides
comparing our study sites among themselves, they can be also put in the perspective with sites
in the west Mediterranean exposed to low or high humaduced impactevaluatedin the same

way.

Sensitivity levels varied froB06+16at[ | 3y A GoA6174 194meanSSE) at iBa 6 site Such
values are? to 3fold higher than the ones previously reported for siegosed to high human

impact and even slightly higher than the ones reported for sitéh low human impacalong
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westernltalian coas{mean total scoréetween 350450, Piazzi et al. 2018). This would indicate
greater number of more sensitivepecies (seéppendix 3 andor their greater abundance at

our study siteswith Sika 6 being especially remarkable in thgard Among others, theercent
cover of erect bryozoans, important animal bioconstructors within coralligenous and species
sensitive to human induced impacts, especially mechanical abrasion, was 3 to efeteh Higher

at our study sites thaat low impact sitesreported by Piazzet al. (2018) However, it should be

also noted that some colonies were partially damaged.

Thickness of calcareous deposit, i.e. penetration of theep@meter into the substrate ranged
from 0.5 to 1.5 cm, with mean value aradih cmat all studiedsites (Fig. 2.20). Such values are
3 to 5fold greater than the ones reported faoralligenous astressed sites andven slightly
higher (sometimes evendld) than the ones reported for pristine sitee far(Piazzet al. 2018).
As te millimetric penetration of the penetrometer indicates the presence of active
bioconstruction resulting in a calcareous biogenic $w@ts, and centimetric one indicates
bioconstructionthat is still not consolidatedpur values lie somewhere in betweemd in any

case, reveal positive balance in bioconstruction process (Etadti 2012).

Since coralligenous assemblages were domithdig the yellow gorgoniaiunicella cavolirat

35 m depth where the main assessment was made at all our study sitesextiemt of
injury/necrosis was estimateih situfor this species. Colonies were twice as affected at sites on

the Vislsland than atiges on the Dugi Otok Island, with the mean valuesg/vaybetween 186

and 38%(Fig. 2.120). Suchconsiderablelevel of damageto colony (with the mean extent of

injury of gorgonian tissueH /&2 0 F2 NJ | £ £  &Whérs iawaSdhghty lalsier Hutln@ y A 6 A
low, 1599 would be comparable tdhe levelspreviously reported for the €htral East Adriatic
Sea(13-26%; Sinet al. 2015) as well as to the onebserved on disturbed sites by Pzet al.

(2018).

Although sedimentoverage varied 2 to-told between sites (from .6 to 11%), being higher on
[ I 3y A O A(Fid. 2.02Q 2.4.21¥), in all sites sedimentation was comparable to the level

observed at sites with low human pressurenddions, as reported by Piazi a. (2018).
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Out of other potential stressors, the presence of the invasive green &gaéerpa cylindracea
was noted at sites on the Vis Islamiwever itspercent coverat 35 m depthwasstill very low:
0.01+0.01 & Ska 3 and 113+ 1.07 (mean+ SExt Sika 6 sit¢Fig. 2.121).
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Fig.2.1.20. Descriptors of coralligenous ecological status at each study site. Data are shown as mean +
SE.
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Fig.2.1.21.Assessment of potential stressorsthin the coralligenous hdtat: a) the level of
ASRAYSY Gl GA2y 200 aaAi 2{ugt Giok BlandSdNAte Rresknie of | 3y A
invasive green alga@aulerpa cylindraceat Sika 3 and Sika 6 sites on the Vis IslBhdto credit:

a® .St20S0A060®
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2.1.3. Conclusions

In the deph range from 30 to 40 m, 1® 15 min of bottomtime was needed to carry out
photosampling of 3 sets of 10 contiguous photos of 50 x 50 cm (i.e. to take 30 photographs) at
each site. Thugt was confirmed once again susamplingcan becarried outin a reasonable

(no-deco) time frameat these considerable depths

Analysis of video transects, given a good quality of footage, yields results comparablstto
assessment of the erect layer, carried out as a part of the assessment of coralliggnotig @l
complexity. Hence, underwater work may be further reducklibreover, such videogrovide
valuable permanent records and serve as a source for detection of additional species, not
observed within photo samples. Affordability, quality and practigahake the use of GoPro or
similar cameras with additional video lighitéghly recommendhale for characterization and

monitoring of coralligenous habitat

There was a clear regional pattern in the compositiorudlerstorey ofstudied coralligenous
assenblagesdominated by gorgoniam assemblages asites withinthe same location were
similarbut they notably differed betweenlocations onDugi Otok and Vis IslaadCoralligenous
assemblage y [ Ay A0 A f 2O (A 2hdractefizdddy dornine df erlcrastingy R0 ¢
Peyssonneliales, greater abundance of massive sponges as well as greséeice of green algal

GdzZNF FyR &ASRAYSYG GKIy 2y {GdzLJAO6S t20FGA2Y
I 2N ffAYyLFESa R2YAYLl (S Rvel@phgnroné daicur@ly Smegplte-i A 2 v =
like, laminarthalli. Likewise, greater abundanoéerect bryozoans, especiaPentapora fascialis

and Smittinacervicornigd Aedonellasp. was noted there as well as greater abundance of green
algaeFlabellia p&olata. Codiumbursaand Codiumcf. effusumg SNBE 20 A SNIWSR 2y f &
location (Vis Island), as well as the invasive green &gakerpa cylindraceatill present inlow

abundanceNeither mucilaginous algal aggregates or macroeroders were obsahaaty site.

Majority of descriptors selecte to evaluate coralligenous elogical status suggest good
conditions at our study siteS.hese includegecies richness and heterogeneity comparable to

other Adriaticsites with low levels of anthropogenic psese, high sensitivity levels indicating
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presnce ofhigh number of sensite species and/or their high abundansgch as in the case of
erectbranchy bryozoans for exampl@ositive balance in bioconstruction amggnerallylow
percent cover of sedimerdnd algal turf However, all of thesdescriptas concern mainly basal
and inermediate layerwithin coralligenousRelated to the erect layerhé extent of injuryof
erect anthozoangi.e. gorgonians that fornthat layer) is considerable at most sites, icdting
disturbances that can specificallydior more adversely affect thee more exposegdsince they
are the tallest within the community)land among the most sensitive organismSuch
disturbances may include mechanical abrasion by the fishing geaer(ddht or still in use;
[ FAYAOA Spedalyanotariubli® th& spect, see section 2.5)nucilaginous algal
aggregates and increased seawater temperature due to climate ch&uwegonian conservation

status is discussed in more detail in sectib?.

The samplingapproach adopted in this study is the one already proposed by the Croatian
coralligenous monitoring protocdiGarrabouet al. 2015) As originally envisaged, it is robust
enough to accommodate subsequent evaluatadrifferent descriptos used for the agssment

of coralligenous ecological status. With addition of the physical measurements of the thickness
and consistency of calcareous accretion sity, it enabled application of integrated STAR
assessmensummarized by Piazet al. (2018). The results ahis assessment would fall more

into perspective with additional sites being evaluated, especially in terms of only recently applied
descriptor such as sensitivity levels, hence it is highly recommendable to apply the same
standardized approach in future studies aimed at characterization and monitoring of

coralligenous assemblages.
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2.2. Assessment of gorgonian demography and conservation status

2.2.1. Overview of the methods

To assess gorgonian population structure and conservation stausllewed the methodology
used by Linarest al.(2008a)in the Western Mediterranean aneadilyapplied in other parts of
the Mediterranean including the Adriatic Se@.g. Kipson et al. 2015, Sini et 2015). The
density, size, biomass and injuigtes werechosen as thenain descriptors. At each site, data to
assesshese descriptors wereollectedwithin randomlyplaced 50x 50 cm quadrats (seEig 9
for illustration of the method). For each colony within a quadrat, the maxinmheight was

measured ashe distance betwea the colonybase and the tip of the most distant apical branch.

Furthermore, ve used three paraeters to determine the level oimpact. Firstly,for each
measured colony within a quadrate estimatedthe extent of injury of colongurface i.e. the
percentage d colony surface that displayealdenuded axes avvergrowth by other organisms
(Fig 9.2). Secondly,we noted the typeof injury because the combinednalysis of both
parameters may be indicative glst disturbance eventsancludirg approximate iime of their
appearance (Coma et al. 2004; Linares et 2005). Therefore, depending on &
presence/absence of differerdpibionts, three types of inyy (related to the time of it®rigin)
were recognize@ndnoted (Fig.10). The first tpe (typeA)referred to a denudd axis, indicating
a new injury(up to 1 month). Ta second type (type B) includexvergrowth by pioneering
species, filamentous algae ahgidrozoans (indicating an approximatelylP-month-old injury),
while the third type (type C) inluded overgrowthmostly by bryaoans, sponges and/or algae
andrepresentedan old injury (approximatelyl2 months)Linares et al. 2005)We considered
colonies with <10% of injuresurface to be healthy, as ed in previous studies (Linares al.

20083 Garrabou et al. 2009).

For each gorgonian species encountered in the field, we have also noted its upper distribution

limit and the lowerone, when possible.
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@ Max colony height (base to the tip)

50 cm

Fig. 2.2.1. Scheme of the assessment of gorgonian demography and conservation status.
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—  NON-AFFECTED: < 10% injured colony surface

AFFECTED: > 10% injured colony surface
Type of injury:

@ No epibiosis / Naked skeleton

Recent epibiosis
@Old epibiosis

Fig. 2.2.2. Criteria used to assess whether gorgonian is affected or not and categories used for
characterization of gorgonian tissue damage (adapted from Garrabou et al. 2015).

2.2.2. Main results

Atthe[ F Ay A3 A 20 GA2Y 65 dfl the asésarient of ddmbgyaphy and S O
conservation status of the yellow gorgonigninicella cavolidi g KSNBI & 4 GKS {
(Vis Island) we have assessed btk yellow gorgoniarE cavoliniand the red gorgonian

Paramuricea clavatéFig.2.2.3. Between 93 and 159 colonies Bf cavoliniwere assessed at
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eachstudysite, whereas 29 and 26 coloniesPfclavatavere assessed at Sika 3 and Sika &,site
respectvely. When present (within this studyimixed assemblages with the yellow gorgorian
cavolin) P. clavatavas not as abundant, and hence, lower numbecoloniescouldbe measured

and their healthstatusestimated

Gorgonian distribution

The upper distributional limit dE. cavolinat Laynicil site was 20 m depth, whereas it was 25 m
depth at Lagnici 2 site. However, at the latter site few individual colonies were present 3o at
m depth. A Sika 3 and Sika 6 sites the Vis Islan&. cavolinivas mainly noted from 22 m depth,
although few individual colonies could be observed at 18 m depth. In addition, at latter sites few
individual colonies oP. clavatawere present at 26 m depthout their greater abundance was
noted from 35 m depthin all cases, the lower distributional limit studied gorgonian species
coincided with the end of the vertical wall, which was8®m at Lagnici location and 42 and 45

m deoth at Sika 3 and Sika 6 sites on the Vis Island, respectively.

Fig. 2.2.3. A diver performing the assessment of demography and conservation status of the red gorgonian
Paramuricea clavata and the yellow gorgonian Eunicella cavoliniatthe St upi gl e | ocati on on t
(photo credit: M. Bel ogevil).
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Demography

Higher density oE. cavolinwas recorded athe Vis Island than at the Dugi Otok IslaAémost
twice as high wathe density at the Sika @18.83+ 10.71, meant SD)and SikeB sites(17.67+
8.68 meant SD than atthe Lagnici 1 site9(79+4.71, meant SD), whereas density at the Lagnici
2 site (4.9+8.61, meant SD) was only slightly lower than at the §ites(Fig 2.2.9. Likewise,
the mean colony height was langat the Vis Islandhan at the Dugi Otok Island. Agathe
highest values were recorded at Sika 6 site (22629, meant D), followed by Sika 3 (25.65
+9.41, meant SD)while the mean colony height reached 218€9.69 (meant SD) at Lagnici 2
and18.82+9.29 (meart SD) at the Lagnici 1 sit€ig. 2.2.4).The largest colony of E. cavolini (61
cm in height) wasecorded at theSika Jite, whereas at the other sitdbe largest sizesieasured

between 40 and 45 cn©n the contrary, minimal recordesize was similar at all sites{&m).

Related to the populations' size frequency distribution, similar propogadtrjuvenileE. cavolini
colonies (< 10 cm in height)ane recorded at all sitesOn the other handlarger proportion of
colonies biggethan 20 cm were present (i  { { dzLJA Ordti® Vi BlahE7 994 a2 Sfka 6 and
69% at Sika 3sité@) K I 'y | {bcafioh @hyhg Bulji Otok Islandround 50% at both site&ig
2.2.5. Especially notable is a difference in proportion of the sizescB40 cmthat reaches 36%
and 21% at Sika 6 and Sika 3 sitespectively in comparison to 4%t Lagnici 1 and 15%t
Lagnici 2 sitef~ig 2.2.5.

I G { G detd \Gsdstindfe only locatiorwhere the red gorgoniaRaramuricea clavatawas
recorded within this study, population ehsity wasslightly higherat Sika 3 sitg10.55+ 6.27,
meanz SO than at Sik& (8.67+ 3.75, meant SD Fig. 2.2.4)whereas mean colony hight was
almost 30% greater at the Sika 6 site (50t85.38 vs. 36.6& 18.81 meanx SO Fig 2.2.9. The
largestP. clavatacolony was recorded at Sika 3 site and it measured 98 cm in hewpletreas
minimal recorded sizevassimilar at both site§10-11 cm).Related to size frequency distribution
of studiedP. clavatgpopulations two patterns can be noted a dominance of colonies smaller
than 40 cm at Sika 3 site and the opposite at Sikie6the proportion of colonies larger than 40
cmthat was twice as high at the Sika 6 site in comparison to Sika 3 site (77 vEi@322,7).

No juvenile colonie¢<10 cm)were noted at Sika 3 site whereasly one juvenile colonyas
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recorded at Sika 6 siteHig 2.2.7). Insights from the imagenalysis undertaken to assess
coralligenous assemblages raspective sites confirm the estence ofP. clavatarecruits and
juvenile coloniegvisible for examplevithin photoquadratsn Figs2.1.9 ¢ and 2.1.10 b, section
2.1), henceresults presented heréFig. 2.27) aremost probablythe consequence ajverlooking
such small, more conspicus coloniesduring in situ assessmentMoreover, in all analyses
related toP. clavata it should bekept in mind that number o€olonies assessed was relatively
low (26 colonies at Sika 6 and 29 colonies at Sgige)3s0 any conclusion®lated to thisspecies

must be made cautiously.

Disturbance impact levels

Mean extent of injury oE. cavolincoloy A S& 61 & Ffy2ad (G6A0S Fa KA
[ FAYAOAD® ¢KS Y2ad FFFSOGSR ¢l a LJ2L¥M28.88mAdZY |
31.19+ 26.41,respectively meant SDFig 2.2.§. On the Dugi Otok Island mean extentrgéiry

of E. cavolincolonies was 22.8822.85 at Lagnici 1 site and.68 + 18.53 at Lagnici 2 (mean

SD,Fig 2.2.8. Fairlylarge standard deviatian (SD) futier indicateconsiderable differences in

injury extent of coloniesvithin arespectve population.

A > 4 A ~

Colonies oE. cavoling SNE KA 3IKt & I FFSOGSR | (FigedzllilTheé S f 2 C
highest levels were noted at Sika 3 (almost 80% of affected colonies, i.e. with injury levels >10%

of colony surface), followed by Siléa(66% of affected colonieshn additionto the in situ
observationsat Sika 6 sit&. cavolimivas also assessed at the upper limit of its depth distribution

(at 25 m depth) from video transects (3 transects of 1 x 10 m). Out of 138 cotenmsledalong

transects, 64% was affected i.e. theoportion almost identical to the one stemming from the
assessment of deeper colonies at the same $a@pulationson the Dugi Otok Islanghowed
considerable, bumore moderateinjury levels with 57%nd 41%of colonies affected at Lagnici

1 andLagnicP sites, respectivelyFig 2.2.8).The proportion of dead colonies did not surpass 3%

in any studied population

Mean extent of injury oP. clavatecolonies was higher at Sika 3 than at Sika 6 sit{3630.90
and 27.31+ 16.14 respectively meant SD Fig 2.2.9, andoverall they were fairly similar to the
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ones observed foE. cavolinat the same locatiorLikewise, high proportion of affected colonies
of P. clavatawas noted, being 66% of colosiaffected at Sika 3 and 85% at Sika 6. No dead

colonies were recordedFig. 2.2.9).

Regardless of the popation or gorgonian species considered, majority of the affecigldnies
(with” 10% ofinjured surface) showed an okpibiosis stage, characteed by colonized algae,
sponges,bryozoans and other atcareous organisms42 to 90.9%;Table 2.2.1). However,
alongside old injuries, sometimes also recent ones (type Adeeudedaxe9 were present.
Among the highest proportion of such injuries E. cawlini were noted at Lagnici 2 site where
15.9% colaies displayed only recent necrosis and additional 9.1% displayed recent injuries
alongside old oned.ikewise, 15.8% of affectd?l clavatacolonies at Sika 3 site on the Vis Island

displayed receninjuries alongside old ones (Table 2.1Rig. 2.2.1pD
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Fig.2.2.4. Density and mean colony height of the yellow gorgonian Eunicella cavolini at study sites on the
Dugi otok Island (Lagnici 1 and Lagnici 2) and the Vis Island (Sika 3 and Sika 6).
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Fig.2.2.5. Size-frequency distribution of studied Eunicella cavolini populations.
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Fig. 2.2.6. Density and mean colony height of the red gorgonian Paramuricea clavata at study sites on the
Vis Island (Sika 3 and Sika 6). Note: red gorgonians were not present at the study sites on the Dugi otok
Island.
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Fig. 2.2.7. Size-frequency distribution of studied Paramuricea clavata populations.
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Fig. 2.2.8. Disturbance impact level parameters of the studied Eunicella cavolini populations on the Dugi
otok Island (Lagnici 1 & 2) and Vis Island (Sika 3 & 6). Upper graph: Mean percentage of the extent of
injury; lower graph: percentages of healthy colonies (with <10% injury extent), affected colonies (between
010% @A¥% i nj ur ydeadcdlomiest(with @0¥dinjury extent).
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Fig.2.2.9. Disturbance impact level parameters of the studied Paramuricea clavata populations on the Vis

Island. Upper graph: Mean percentage of the extent of injury; lower graph: percentages of healthy colonies

(with <10% injury extent), affec t ed col oni es ( b@%9weé einn jOUr0yWo eaxntdent ) and
(with 100% injury extent).
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Table 2.2.1. Percentage of affected Eunicella cavolini and Paramuricea clavatac ol oni es ( 01 0% o f
injured) hosting different epibiosis types: O0type Ad refel
month ol d); 6type B6 includes overgrowth by pioneer.
(indicating approximately 1i12-month-ol d i njer €p; i atypdes overgrowth mos
sponges and/ or algae and represents an old injury (a
methods). Colony can host more than one epibiosis type.
Type of injury

% A B C A+C A+B B+C A+B+C

Eunicella cavolini

Lagnici 1 1,9 35,8 47,2 1,9 5,7 7,5 0,0

Lagnici 2 15,9 15,9 43,2 9,1 0,0 15,9 0,0

Sika 3 0,0 11,0 66,1 7,9 4.7 7,9 2,4

Sika 6 0,0 5,3 62,7 4,0 0,0 28,0 0,0

Paramuricea @vata

Sika 3 0,0 5,3 42,1 15,8 0,0 36,8 0,0

Sika 6 0,0 0,0 90,9 4.5 0,0 4.5 0,0
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Fig. 2.2.10. lllustration of different types of injuries: a) the red gorgonian Paramuricea clavata and the yellow
gorgonian Eunicella cavolini with B and C type of epibiosis, b) detail of P. clavata colony with recent i type
A and slightly older (> 1 month) type B of epibiosis, c) P. clavata colony with all 3 types of epibiosis. All
examples are from Sika 6 site, on t hSeKipsoné,c)l sl and. Phot
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2.2.3. Conclusions

Densempopulationsand larger colonies dahe yellow gorgoniarEunicella cavolirwere recorded
onthe Vis Island thaon the Dugi Otok Island. All valuedated to their demographwre within

a range already reported from ¢hother parts of the Adriatic and the Mediterranean Sea @&ini
al. 2015) The same applies for the populations of the red gorgorifamamuriceaclavata
comparable to the Adriatic populations studied to datep@énet al. 2015), characterized by a

greatproportion of large colonies (> 40 cm in height)

WhereasE. cavolinon the Dugi Otok Island displayed moderate proportion of affected colonies
(i.e. with injury levels >10% of colony surface), their proportias Wigh both foE. cavolinand

P. clavataon the Vis Island (> 60%). Although most of the injuries were old, we also noticed fresh
injuries (i.e. naked skeleton, mainly on apical tips of colonies) that would imply they octagsed
than 1 month agoHence, theycould have coincided with the Hgst seawater temperatures
usually recorded towards the end of summeRelated to the older injuries, although
mucilaginous outbreaks were not recordatithe time of our assessmenheir impactcould be

highly Ikely in the past, alorglde elevatedseawder temperatures. In fact,their occurrence in

the past (the most persistent ones usually develop from May till July but other periods are not
excluded) was confirmed by the owner of a local diving center andAdiyed (0 NHzO( 2 NJ A Yy
the Vis Islandln addition, the abundance of lost fishing gear vasi LISOA I f f @8 KA IK
sites (see section 2.5) and injuries caused by mechanical abrasion stemming from still active
fishing practices or from the contaatith abandoned fishing gear was highly likan the past as

well as itremainslikelytoday.
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2.3. Assessment of conservation status and climaterelated
responsesof sessile benthic macroinvertebrates

2.3.1. Overview of the methods

As a part of the effort to monitoclimaterelated responses ad rocky botbm community, we
have applied the protocadvocatedby Garraboy Bensoussar& Azzurro(2018) in the scope of
the previousinterreg project MPA ADAPT, focused on sessile benthic macroinvertebrates.
protocol ams torevealthe conservation status of sueyed populations, while gatherirfmaseline
information to assesdhe impacts of mass mortaligvents when they occur.

Target speciesf this protocolare the ones sensitig to climaterelated stressors, are s§ to
identify underwater and are sufficitly abundant in the surveyed are®ur target species
included spongsPetrosia ficiformisChondrosia reniformjsrciniasp.and abroadercategory of
black keratosesponges(Fig.2.3.1) which may include speaesuch asScalarispongia scalaris
Sarcotrgjusfoetidus Spongia officinaliand similarTherationnak behind defining such a broad
category was to avoid misidentification by observers who did not feel confident enough to
identify those spongeanderwate, but there was a need to carry out assessnt as we have
often noticed a high proportion ofuch sponges damagedFurthermore, selected species
included bryozoanMyriapora truncataas well ashard coras Balanophylliaeuropaea and

Cladocora caespitog&ig.2.3.1).

We have carried out the assesient at the upper distribution limit of theelected species at 3

sites separated by at least 200 as(previously mentionedhe conservation status aforgonians

were assessed within random quadrats 50 x 50ierthe scope of a demographic stydsee
section 2.2. Observations were made along timeaginary transect at the selected depth (= 1 m).
Observer counted each specimen of selected species and noted if it is affected, i.e. if any tissue
necrosis is presente.g. Fig. 2.3.2, 2.3.3, 2.3Mor polypsof hard corals are bleached/dead.

Besides dual censum sity, data was oassionalygollected also bysingcalibrated photosDue

to a very low abundance of targeted sessile macroinvertebrates on infraldBS ¥Fa | & { { dz
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location on the Vis Islah this assessment was omitted thetdence, it was performed solely at
f20FGA2Y [FT3IAYAOGA 2y GKS 5dzaA hid21 LatlryR®

Fig. 2.3.1. Target species/groups selected for the assessment of conservation status and climate-related
responses of sessile benthic macroinvertebrates: a) Balanophyllia europaea, b) Cladocora caespitosa, c)
Myriapora truncata, d) Petrosia ficiformis, e) Ircinia sp., f) Chondrosia reniformis and g) black keratose
sponge. Photo credit: S. Kipson.

2.3.2. Main results

Out of target species/taxa onlypsngeChondrosia reniformiand blackkeratose sponges were

present in sufficient numbers (around 50 or more specimens per dive/tranaepie-selected
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depthsto carry out a proper assessmentcarding to thesdected MME protocol While
Chondrosia reniirmis was assessed @ sitesg A 10 KAy [ | 3 Waklokkratdse sponges 2 y
could not be assessed at more than twaut in that case at least 3 separate transects were
observed In total, over 600individuals ofblack keratose sponges amder 260 individuals of
Chondrosia reniformisere examined Percent of affected black keratose sponges examined per
transect by different observers in the depth ranges 3n on natural rocky bottom(within
individual transectsganning from 34 m, or from 45 m depth)at Lag 4 site varied between 11

and 62% (5 transects in totefig.2.3.2. However, only bf theseassessmergtreports percent

of affectedblack keratoseponges below 30%. During that particular assessment algadsold
higher number of specimens werg&amined compared tall others precluding that the observer
potentially overlooked more subtle signs of damage/sickness, such as the one illustrated in
Fig.2.3.3 a,b)On that note, the signs of damage/sickness@rved on black keratose sponges
varied flom the appearance of a thinyar over sponge's surface, with affected tissue becoming
evident only after gentle brushing off by hand (Fig.2.3.3 a,b), to more evident signs sisiblas
sponge's skeletorg sporgin fibers protruding from a tissue in therobableprocess of healing
(renewing pinacoderm) or clearhecrosed/dead part$Fig.2.3.3 ®). On one occassioablack
keratose sponge with a clearly visible white bacterial layer over its surface was aibserve
(Fig.2.3.3 f)ln addition,exclusivelyon the steamboat wrecKichele,in the depth range % ma
specifica Ndza & O2f 2NBRa RI YI 3SkaaoOlysSaa 2y ofl O
resulting in 48 to 5% of affected individuals (Fig. 2.3.2).is known thatkeratosesponges can
accumduate iron into theirfibers, hence specificolorationin this casecould stem fromsuch a
process (C. Cerrangers. comm On the methodological note, assessment of black keratose
sponges on the shipwreck was gad out both by visual census situandfrom the subsequent
analysis of video transects by different observers, yielding comparable results.

Contrary to large proportions of affected black keratose spormesatural infralitoral reefs
Chondrosia renifrmis appeared to be healthywith less tha 3,5% of affected wtividuals.The

same result was obtained for sponges on artificial reéfie shipwreck Michele based on the

analysis of video transects (Fig. 2.3x&ereasreported amount of affected individialsby one
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observerin situwasconsideralke 30 % (Fig. 2.3.2)Later clarification of this result revealed that
more varied coloration ofChondrosiareniformis (grey with more of white specks) was
interpreted as a sign of affectatiorOnce again, it shddl be reminded thatC. reniformis
pigmentaton can varydepending on its habitat from dark grey specimens in more photophilic
zone (see for example F@3.6) to completely white specimens in biocenosis of s#ank caves
(e.g. Fig2.6.5 b), with lot dvariation in between.

Although other targt species wee not present in sufficient numbers to be assessed within a
single diveand hence to be evaluateztcording to the protocol, | haveeverthelessummarized
resultsof the data that could be collectie(Table 2.3.1). Due to low numbens attempt to draw
conclusions on their health statwgas made However, it is worth to note that different sigoné
affected spongsPetrosia ficiformisvere also observedséeFig. 2.3.50r more detail3.

As previaisly mentioned, this protocol was not apgdi at sites a the Vis Island due to
insufficient abundance of target speciasshallow depthsNevertheless, occassional presence
of extra large specimens of target species is noteworthy, such as the specin@onfirosia

reniformisof approximately 6@m in diamete at Sika 6 site (Fig. 263.
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Black keratose sponge
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Fig.232.Percentage of affected individuals of two target

Otok Island. N indicate total number of individuals assessed per dive/transect. V1 to V3 mark video
transects, whereas other results are based on visual census in situ.
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Fig. 2.3.3. Example of sick/affected specimens of black keratose sponges observedattheL agni | i | ocat i
NW Dugi Otok Island: a) thinlayerc over i ng s p on g e aetail pf siagk Bssue dsible aiter gdmtje
scrapping of the overlying layer, c) partially affected sponge showing signs of pinacoderm healing (white
arrow) i no longer functional spongin remains visible, d) freshly affected sponge, white arrow points to the
only remaining part that still looks unaffected, ) heavily damaged sponge (90%) with some signs of healing
(white arrow), f) fresh white bacterial layer. Photo credit: S Ki pson except of f) M. B
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