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EuxopLotieg

H oAokAnpwaon Tou gpeuvnTikoy autol £pyou onpatodoTel éva oTaBuod oto ocuveXOUEVO TaiSL LoU OTh
Balacoa. Onwg kabes Sdaktoplkny dlatplpn £€tol kal n Ok pou umnpée pio pokpld Kol évtovn
Swadpoun, yepatn He moAAamAd Towyuplopata, audloBnTioselg Kol amoyonteloel, aAAQ Kol WE
TIOAAEG EEXWPLOTEG OTLYMEC, EUTELPIEC KOl cuVOLOBNUOTO TTOU UE YEULoav Suvapn kot Bdppog, divovtag
oAoéva Kal MePLocOTEPO vonua otn SUOKOAN autr anootoAn oto BuBo. Quoika tTimota ar’ 6Aa autd
Sev Ba Ntav edlkto Xwpig Toug diAloug Kal cuvepydteg mou BpEOnkav oto TMAAL HoU Kal Ye othpléav
TIOLKIAOTPOTIWG LLE TLG YVWOELG, TO evlladEpov, TNV ayadrmn, TNV adociwaon Toug, CUXVA AKOUA KOL LE TNV
PéAa Toug! Jag suxaplotw OAoug amd ta BAdn tng KapdlAg HOU yla ToV EEXWPLOTO TPOTO TOU UOU
otabnkate kal Bonbrnoate va yivel 0UTO TO OVELPO TIPOYHOTIKOTNTA.

Katapyxnv Ba nbeha va suyaplotnow tov emiPA£novta kabnynt pou Apoco Koutcouuma, yla thv
geumioToolvn Kot TV eAeuBepia mou pou €dwoe va e€eAiw To AVTIKEIUEVO TNG EPEUVAC LOU TIPOG TV
KateVBuvon ou NBeAa, aPd TIG TTPAKTIKEG SUCKOALEG KaL TNV apxtk EAAeldn emapkoUC UALKO-TEXVIKAG
UTIOOTAPLENG TIOU XPELAleTaL ia TOOO AmALTNTIK LEAETN o OTL adopd TI¢ epyaocieg meSlou. Apodoo, oe
E£UYOPLOTW YLO TO AVOLXTO 00U HUOAOS KaL TNV MemoiBnon nwg 6Aa yivovtal apkei va to BéAloupe. Emilong
O£ EUXOPLOTW YLOTL NOOUV €vag amod TOUG TPWTOUC avOpWIoug Mou HE KaAwooploav oto Tunua
Emotnuwy tn¢ OdAaocoag otav npwtoédptaca otn MUTIANvN, KAl N cuUVEPYAcoia LoG OAO QUTA Ta XPOvLa
Hou €dwoe tnv eukatpia va SouAéPw kat va e€eAxBw oTo AVTIKEIEVO TIOU TOGO TIOAU ayormw.

‘Eva peydho euxoplotw otov Joaquim Garrabou, tov dvBpwro kAelSl otnv Stapopdwon tng Statppig. H
BeTIKA TOU OTAOCN, N ayann Tou yla th BdAacoa, kot n mpobupia Tou va PolpaoTel yVWoeLg, LOEEC, Kal
eUMelpieg uTRpEav TNy EUMVEUONG KOL KOUPAYLOU TLG SUOKOAEG OTIYUEG TIOU Ta eumodia patvotav va
obnyouv oe moAarmAa adté¢oda. Ano tnv mpwtn otyur mou Ppedrkape oto CSIC otn Bapkelwvn
KPATNOE TNV MoOpTa SLAmAaTa avolytr, Ue £dhepe KOVTA G OAOUG TOUG e€alpeTIKOUG cuvadEldoug Tou,
Kot SnuLoupynoe to Kat@AAnAo KAlpa cuvepyaciag mou pou £€6waoe TNV whnon va mpoxwpnow otabepd
TIPOG TOV OTOX0, 660 SUOKOAOC KL av davotav apxlkd. Quim, o€ €UXOPLOTW YLOL TO CUVEPYATLKO OOU
TVEU LA, TNV AITAOGTNTA, TNV EUYEVLIKH ooU S1aBean, Kal ou BpEBnkeg ekel TNV KATAAANAN OTLYUN yla Vol
dEPELC TO MAVW KATW Kal va e KaBodnynoelg otnv 1o kpiown unotia tou SL6akTopikoU.

Tov Xapitwv XwtrpoyAou yla TG ou{NTACELS KOTA TIG MPWTEC GACELS TNG SLOAKTOPLKNG SLaTpLPBng, TIg
OUUBOUAEG otov oXeSLaoUO TwV gpyacilwy TeSioU, Kal Tov Tnyailo evBouclacpd yla tn HEAETN TOU
BaAaocLou BLOKOOHOU KoL TwV OLKOAOYLKWVY TIPOTUTIWV.

Tov Navaywtn Mavaywwtién mou amnoé tnv moAU apxr, 0Tav akoua npocnabovca va npocdlopiow To
BEpa NG SLOAKTOPIKAG LoU SLATPLBNC, KE TAPOTPUVE VA EEEPEUVACW KOL VO ATOKPUTITOYpAdow Tov
vpido Twv kopaAAlyevwyv BLOKOLWVOTATWV.

Tov Ztpatn Mewpyakopadko, yla To KaAwooplopa oto TuApa Emotnuwv tg ©dlacoag, Kot yla thv
guUKalpla IOV HoU £6W0E va UMW €0TW KAl yla Alyo oToV KOOUO TwV HeydAwv medayikwy Poplwv. MNa
TOV EUYEVIKO Kol SLAKPLTIKO TOU XAPAKTHPA, KAl TOV LOLOITEPO TPOTO OKEYNC TIOU EMNPEACE CNUAVTIKA
TN OTACN HOU OTNV QVTLLETWITLON KAL ETUAUGCN EPEUVNTLKWVY OTOXWV KOl EPWTNUATWV.

Tov Anuntpn Badgeibn, yia tn ouvelodopd TOU OTNV TAUTOMOinNon Twv ovoolwwyv, KoL ylo TIG
dwroypadieg SEM tTwv yopyoviwv.

Tov ZtéAlo KatoaveBakn, yla Ti¢ mpoodateg aAAd MOAAQ UTTOOXOEVEG CUVEPYACLEG LOG.
Toug Balacalvoug Hou cuvtpodoug:

Tov ¢ilo, ouvepydtn kal cuvodounopo ota mapdAAnia tafidla twv Sldaktoplkwy pag dtatplpwv
BaoiAn FepoBacideiou, yla ta yiAla pupla KOPOTo Kol BoAepd vepd TTOU TTEPACOUE TIAPEQ, OAAQ Kall



yla OAa T UmMEpoxa mpdypato mou avakoAUpape Kal {foape. Emiong tov euxaplotw yla Tnv
ouvelodpopd 0TOUG OTIOYYO-TtPOaSLOPLoUOUG.

Tov Navaywwtn MNamad£AAn yla TG amootolég otnv E€pa tou MaAlou, TI¢ apETtpnTes BouTiég ota 40+
UETPA, TNV mopoxn okddoug, pwtoypadikol VALKoUL, kot pwtoypadikol eomAiopou. Ma t Boutid
yvwplpiag pe tnv KaAAovr), ylo Ta JayLlaTika TToU HOG KAVAVE TapEa, Yo TV ampOoevn EKTANEN
TOU 8A00UC HE TIG KOKKLVEG YOPYOVIEC, yla TG ateAelwTeg (€ToL davoTav) WPEG EMOKEUWY TOU
okadoug Hed’ To AloTUpL, YLA TIG AYKUPEC TTIOU XACOUE Kal BPNKALLE.

Tnv EAlva Zapapd, yio ta BoAaoolvd Ovelpa TOU KAVAUE oOTo OeKATEOoEpA LA oTo yaAallo
SWUATLO E TIG MAYLKEC HOUGOLKEG. EpeAAe va BpeBole Eava oxebov 20 xpovia apyotepa, QUTH T
dopa oto BuBd tng BaAlaocoag, kal eAmilw va un favaxaboupe. EAVAKL, O €UXAPLOTW YLA TIG
UTIEPOXEG BouTiég, Tn dhofevia, Kol TN ouvoAlkotepn PonBela ot amooToAEC o XaAKLOIKN Kal
MAALo.

Tov (kamrawv) Extwpa Molpyn kat tnv EAeva AKPLTOMIOUAOU TTOU e cuvOSeuaay LE TNV TPEAD TOUG
KOl TNV ayamn toug ylo T BdAaocoa og KATOLEG amod TG o SUOKOAEC aMOOTOAEG oe Tpikepl Kot
Néapo.

Tn ZuABaiv Makouun ya TG oulnNTACELS KA, TA OVELPA, TO KOUPAYLo, To Teiopa, tn dUvaun mou
£XOoUE QVTAANALEL, KAl GUOLKA YLaL TIG UTIEPOXEG OUVEPYAGLEC.

Mo TIc MOAUTIUEG CUMPBOUAEG Kal oUINTACELG OXETIKA LLE TIG OTOTLOTIKEG AVAAUCEL EUXAPLOTW TOV XApN
AnpnTtpLAadn, Mou ava Ao oTIyUn ixe 0An TNV KaAn 8taBson va cuvelodEpPeL oTnv eNMIAUGCN OXETIKWV
EPWTNUATWV.

Ma tnv epyaoctnplakn Ponbela otnv Taflvopnon Twv HAKPOBEVOIKWY OpPYAVIOUWY EUXAPLOTW TIC
doutntpleg Tavia Aomouyoahn, Mapia Kodournn, Qwtewvn Tepln kabwg kal tn Moapiytdvva Kottd yla tn
ouvelodopad TNEG OTA MPWTA BALATA YWWPLLLOG LE TNV OVATOUI TWV YOPYOVLWV.

Ma tnv UALKO-TEXVLKN umtootnplén kata Tig deypatoAnieg mediov suxaplotw tov Mapn Zodpo (Diving
Pelion), tov HAla Mamnadomoulo, tnv katadutikr opada tou Tunuatog Emotnuwv tng OdAlacoag —
MNavemotuou Ayaiou «Tpitwvy», kat tov MNwpyo O (Lesvos Scuba Oceanic Center).

'OAn TNV napéa os BapkeAwvn — MMAQVEG:

Tov Enric Ballesteros, yla T UTMEPOXEG OUINTIOELG KOL TO MOLPACHO TWV YVWOEWY, OKEPEWV Kol
ouvalodnuatwy yla tn Bdlaocoa, tn ¢uon, tn wn. Na tn elotevia otnv navépopdn Tossa de mar,
TG BOAteg otn KataAdvikn UmatBpo, kot tTnv yvwpluio pe tov Joaquim Garrabou. Tov guxaplotw
eniong ylati pe meplooo ywoUpop kal evBouclaopo pe kKaBodrynoe oTov TMPOCSLOPLOUO TWV
HakpoduKwy, Kal BonBnoe va EepumAéfw To yopdlo Seopd mou eixe SnuloupynBel oto kedbdAL pou
OXETIKA Pe TNV Tafvopnon twv pododukwy. Kike, oe euxaplotw yla to e€QIPETIKO GOU HUAAO Kal
TaAévto, TNV hyala cou Suvaun kat Adpgn!

Tnv Cristina Linares, tn Nuria Teixido, kat tnv Emma Cebrian, yia tn 8gpun unodoxn kot amodoxn
otn BapkeAlwvn, T TMOAUTIUEG OUPPBOUAEG Toug ot Olddopec GACELC TOU SLSAKTOPLKOU: TIC
deypatoAnyieg mediovu, Tnv avamntuén touv photoQuad, TI¢ avaAUoelg SElYUATWY KAl OTOTLOTIKNG,
OAAG Tavw art’ OAa yLa Tn BETLKN TouG eVEPYELA KOl avolxth StaBean.

Tov @avo Zavo, tn Chiara Beschizza, tn Nwta ZapkadouAa, tn Maptytavva Kotta, tTnv Aptepn AtoaAdkn
yla tnv untépoxn dphoevia otn BapkeAwvn.



‘OAoug toug ayannuévoug didoug oe Oeooalovikn kat MuTIAnvn, kat Wlaitepa tn Nayla TogAenn mou
TEPACOUE TIOPEA TO TiO SUOKOAO Kohokaipl. MaATl LOLPACTAKAUE AUTO TIOU 8eV UMOPEIC Pe KOvEVAV
aAo va polpooteic av dev To PBlwvel tautdxpova tnv dla mepiodo pe oéva, TO KAEIOWO TNG
SLdakToplkic Slatplpng.

Toucg tetpamnodouc dpidoug pou. Tn MwpgAla yla Tig BOATEG HOG...TNV TILO YAUKLA UTIOXPEWON, TIOU LOiwg
TOUC TEAEUTALOUC UNVEG NTAV TO LOVO TIpAyUa Tou e €depve €0Tw Kal yla Alyo €€w amod To omitL Kat
HOKPLA oo Tov umoAoyLoth. Tnv NMwvéAw, kot tnv Mavko mou epudavioTtnke TNV TEAEUTAL OTLYUA aAAd N
oupBoAn tng otn SlaBeaon kat YuyoAoyia pou ota TeAsutaia otadla UTHPEE TTOAU CNUAVTLK).

Tov BaoiAn Tpuyovn, ylati £lnoe pall pou 6Ao To SIBAKTOPLKO, Ao TNV apxn €wg To TEAOG. Matl Atav
SimAa pou og kABe avamodld Kal xapad, Kal Avtege GAOUC TOUC OVIKOUC Kol T BUeAAeG pou. MNa tnv
avarntuén tou Aoylopikol photoQuad, mou £gkivnoe w¢ pia amhn, tpeAn Wo€a kat katéAnée péoa os Suo
Xpovia va elval éva amo To TIO XPAOLUA AOYLOUIKA €pyaAsia ylwa tnv avaluon ¢wrtoypadlkwv
Selypdtwy oe maykoopla kKAlpaka. Baoiln, o suyoplotw yla OAeg Tig oulntnoelg, Sladpwvieg, kot
OUMPBOUAEG, KL yLOTL ImAG (OOUV eKEL KAl e OTHPLEEC 0 OAN TNV TtopEia.

Tn BayyeAitoa, TNV 1O YAUKLA PHOUA TOU KOOMOU, yla TNV ayanmn kKat otnplen os 6Aa pou Ta BrAuarta,
OKOMA KOl OTav auTd NTav avtiBeta pe to «BéAw» tnG. Notl xapn oe eoéva PBpEbnka kovtd ot
Balacoa kot otn ¢uaon. Matl pe MElOPWOEG Kal e €KAVEG TLo duvartr), Kal £Tol Epada va mpoxwpaw
TLAVTA e OTOXO0 TO OVELPA ou !

Tn OdAeLa, ylati amAd sival o 1o UTIEPOXOG AvVBpwWIOG 0TOV KOOWO!

H SouAeld auth sival adplepwpévn

Jtov Awpn

J1tn BayyeAlw, otn OdAeLa, oto BaoiAn, otn MwpéAla

210 ALamopo kal o€ OAa ta opopda MAdcuaTa Tou

2tn BdAacoa Kal og GAoug 6oou¢ ovelpelovTal SimAa TNG KoL aywvilovTal yla TNV mpootacia Tng
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NepiAnyn

OL KOpOAALYyevelG PBLOKOLVOTNTEG CUYKPOTOUV €vav OO TOUG TILO XOPOKTNPLOTLKOUG
TUTIOUG OLKOTOTIOU OKANPOU UTOOTPpWHATOC TNG Meooyegiou. AVamTUOOOVTaL O€ OKIEPEG
ouvOnKeg, kal dnuloupyolv acBeoToAlBIKEC SOUEG (KopaAALyeVELG oxnUATIOUOL) HEow
TwWV OAAeMAMANAWY amoBécswv evaoBeoTtwuévwy pododukwv (KUPLWE Tou YEVOUG
Corallinacea kal Peyssonneliacea), kaBwg kot GAwv BevOikwv opyaviopwy OTwG
avbolwa, PBpuolwa, omoyyol Kkal moAvyaitol. Ol KopoAAlyevel¢ PLOKOLWVOTNTEC
xapaktnpifovtalt amod £vtovn SOUIKN)  TOAUTTIAOKOTNTA, QTOTEAOUV  TUPNVEG
BlomowkAdtnTaC, Kot mapexouv mMAnBwpa dpuoikwv ayabwv. Qotdoo, sival slaitepa
eunaBeic oe avBpwroyevelg TiEoel;, KaBw¢ TOAAOL AMO TOUG OPYOVIOHOUG TOU
OUMHETEXOUV OTN Snuloupyla Kot Slathpnon Twv BLOYEVWY OUTWV CXNUOTIOMWY givatl
€lbn pokpoPla, He apyouc pubupolG avamtuéng, Kol TEPLOPLOUEVN Suvatotnta
avakapync. Mapd TNV olkoAoylkr Toug onuaocia, Alyo elval ywwoTtd OXETIKA PE TNV
TAPOUsLa, TNV KOWOTIKI oUVBeon Kol TNV Katdotaon Slatrnpnong tTwv KopaAALyEVWV
Blokowotntwv. H oxetikn mAnpodopia MopopéveL eEQIPETIKA OMOCTIOCHATLKY, KO
nieplopiletal katd KUpLo AOyo o€ pehétec mou adopolv otn BA Aekdavn thg Mecoyeiou.
H avaykn yla ocuotnuatiky kataypadn kal afloAdyncon Tng oKOAOYLKNG KOTAOTACNG
TWV KOPOAALYEVWV PBlokovoThtwy Slatunwbnke yla mpwtn ¢opd oto «IxEdto Apdaong
Yl TNV mpootacio Twv KopaAAlyevwv kot dAAwv aoBeotitikwy BLo-CXNUATIOUWY TNG
Meooyeiou» ota mAaiola tng ZOUPacng NG Bapkelwvng ywo tn Meooyelakn
Blomotkihotnto (UNEP-MAP-RAC/SPA 2008). To 2x€8lo Apdong avedelée tnv afio Twv
KopoAAlyevwv BLOKOWVOTATWY, TPOaSLOPLOE TIG KUPLEC TUECELG KAl SUVNTIKEG ATEIAEC,
KoL TOVLOE TNV avaykn cuAAoyn¢ TMpwToyevwy Sdedouévwv avadopdg OXETIKA UE TNV
Kotavopr, tn oclvBean, TNV MOLKIAOTNTA, KoL TN SUVAULKI] TOUG.

Jkomog TG Adaktoplkng Awatplpig eivat n peA€Tn NG PLOMOKIAOTNTOC TWV
KopoAAlyevwv BlokowotAtwy Tou Awyaiou, kal n Slepevvnon TN olkoloylag Twv
mAnBuopwv NG Kitpvng yopyoviag Eunicella cavolini, éva eldog mou Snuoupyel pia
OTo TIG TAEOV XOPOKTNPLOTIKEG PACELG TNG EVUPUTEPNG KOPAAALYEVOUC BLOKOLVOTNTOG.
JUYKeKpLUEVOL gpeuvnTiKol oTOXOoL TNG AdakToplkng AlatpiBig eivat: a) n kataypadn
NG YEWYPAPLKNG EEAMAWONG TWV KOPAAALYEVWV CXNUOTIOMWY KOL TWV TANBUCUWV TNG
E. cavolini otn Meodyelo, B) N LEAETN TWV XWPLKWYV TPOTUTIWV SOUAC Kol TTOLKIAOTNTOC
TWV KOPOAALYEVWV BLlOKOWOTATWY ot OladopeTIKEC TieploXEC Tou Awyaiou, y) n
Slepelivnon Twv SnuUoypadlKwV XAPAKINPLOTIKWY TwWV TANBUOUWY TG KiTplvng
vopyoviag E. cavolini oto Awyaio kol oe AMeg meploxeg tng Meooyeiou, kat 6) n
Teplypacdr tou pubuol avamrtuéng Kal Twv XapakTnpLloTIKWY avamapaywyns tng E.
cavolini. T TNV emitevén TwWV EMUEPOUC EPEUVNTIKWV OTOXWV, OXESLAOTNKE Kal
vlomolnBnke pio ospd amd Sladopetikég, oAAA alnAoouvdedpeveg UENETEG,
aflomolwvtog  KATAAANAEC  TeplypadIlKEG KAl TIELPAMOTIKEG  LEBOSOAOYLKES
TIPOOEYYIOELG. JUYKEKPLUEVA, HEAETABNKAV 3  QVTUTPOOWIEUTIKEG YEWYPADIKEG
TePLOXEC Tou Awyaiou (MAALo, XaAkidikn kat AEcBoG) HECW EMLOTNUOVIKAG KOtaduong
SCUBA o0g Babn €wg kat 45 m. MNa tnv emromo kataypadn Twv KopaAAlyevwv
BlokolvotNTwyv Ypnolpomnolntnkav ocuoTNUATIKA HEBOSOAOYIKA TPWTOKOAA HECW
dwrtoypadlkwy Kal ONMTIKWY HEBOSWY, Kal oXedlaotnKav veéa epyoAeia Kol AOYLOULIKA
yla tnv e€aywyn MOCOTIKAG MAnpodopiag and ta Pabuovounuéva dwrtoypadikd
Selypata. JUUMANPWHOTIKEG EPYAOTNPLAKEC OVOAUCELS BloAoylkwv Selypdtwyv
enétpepav Tov TPOCSIOPLOPO XOPAKTNPLOTIKWY €0wv, Kal tn Olepelivnon Twv
OVATIAPAYWYLKWY  XOPAKTNPLOTIKWY NG E. cavolini. Ta &gdopéva avaAuBnkav
ouvdLlaoTIKA PE otolxela and AAAeC meploxEg TG Meooyeiou HEOW CUVEPYACLWY Kall
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Kowwv Onuooleloswv He €L0KOUC €MIOTAUOVEG Kal Epeuvntikd lvotitolta Tou
efwtepikol.

H amotunwon tn¢ vewypadlkng eEAMAWoNG Twv KOPAAALYEVWV  OXNUATIOUWY
(KedpdAato 1) kal twv mAnBucuwv tng E. cavolini (KeddAato 3) oe Meooyeloko emninedo
€ywve PBacel MAnpodoplog TTOU CUYKEVIPWONKE HLETA OO €KTEVH EMLOKOTNON TNG
Sl1aBéoung BLBAoypadiog kot AAAwv tnywv dedopévwy, KaBwe Kal oo TPOCWITLKEG
TOPATNPNOELG EMIOTNUOVWY Kal Sutwv. Ta amoteAéopata aveédslav tnv eupeia
vewypadikn eEAMAwon TwWV KOPAAALYEVWY CXNUATIOUWY OTLC TIEPLOCOTEPEC TEPLOXES
™G Meooyelou, Kal Kuplwg otig Bopeleg aktég tnG Aekavng (89% Twv ONUELOKWY
avadopwv mapouaciac). MapdAAnia, n €€loou EKTETAPEVN KOTOVON Twv MAnBuoUWV
¢ E. cavolini oto Alyaio kol o AAAeg TeploxéG tng B Meooyeiou, umoypappiletl tn
onuaocia dlepelivnong ToU CUYKEKPLUEVOU €L60UC Kal TwV KOpaAAlYyevwV GACEWV TTOU
0UTO dNULoupyel, WG BACN yLa CUYKPLTIKEG LEAETEC O€ TOTILKO Kal Meooyelako eninedo.

Ma tnv PeAéTn NG SOUNAG KOl TIOWKIAOTNTAG TwV KOPAAALYEVWV BLOKOLVOTATWY OTO
Awoaio (Kedpdlato 2) é€ywve kataypadrn Twv HOKPOREVOIKWY KOLWOTATWY TOU
avantuooovial o ACELC ETUKPATNONG TS KiTplvng yopyoviag E. cavolini. Zuvolika,
SlepeuvnBnkav €L oTaBpol EVTOC TPLWVY AVIUTPOCWITEUTIKWY YEWYPADIKWY TIEPLOXWV
(MAAo, XaAkdikn kat AécoBog) oe BAaBn €wg kot 35 m. MNa tn cuAoyn TTOCOTIKWV
Oeb0oUEVWV £DOPUOOTNKE UN-KATOOTPENTIKA dwroypadik) HEB0SOG pe autdvoun
EMOTNUOVIKA Kataduon. H moootikn avaluon twv ¢wrtoypadikwy Selypdatwy €8elfe
TNV mopoudia onpovtikol apduol edwv (100 €ibn / opddeg £dwv), pe ta
evaoBeotwpéva pododukn KoL TOUG OTIOYYOUC VO ammoTeAOUV TIG KUplopXeg opAdeg og
emupavelakn kaluyn. Mapoho mou ta enineda PBlonokiAotntag Sev mopouciocav
ONUOVTLKEG XWPLKEG OLadOPOTOLNOEL;, EVIOTIOTNKAV ONUOVTIKEG Sladopeg otn
ouvBeon Twv BlokowotnTwy PeTafl otabuwv mou Bplokovtal otnv dla yewypadikn
neploxn. Ta amoteAéopota avadelkveiouv Tt  SOUIK  TOAUTAOKOTNTA  TWV
KOPOAALYEVWV BLOKOLVOTATWY KAl TO POAO TwV TOTLKWY ABLOTIKWV KoL avBpwroyevwy
napap€Tpwy otn Slapopdwor toug. Emiong ol kopaAAlyevelG BLOKOWOTNTEC TOU
Awyalou odaivetal nwg SladopomoloUvtol amo TI( AVIIOTOLXEG KOWOTNTEG TnG BA
Meooyeiou kal tng AdpLatikng, Kupiwg Adyw TNG amouaoiag AAAWV LWV yopyovLWV Kal
poAokwy KopoAAlwv oe Babn pnyxotepa twv 50 m, tnNg XounAng adBoviag
StakAadlopévwy Bpudlwwy, KoL ToU auEnpevou aplBpol oKANPAKTLVIWY.

H Slepelivnon Twv Snuoypadlkwyv XapaKTnpLoTLKWY TN Kitplvng yopyoviag E. cavolini
(Kedpdhawo 4) otnpixtnke otn ouAloyn TPWTOYeEVWV OeSoPEVWV BACEL ETUTOMLOG
OTTIKNG HeBOSou kataypadnc o eptd mMANBuopoUL¢ Tou Awyaiou (2 oto MAAo, 3 otn
XoAkdkn, kot 2 otn Aéofo). Ta Sedopéva avahlBnkav cUVSLACTIKA HE ETUTAEOV
otolxeila amo €L mAnBuououg TG BA Meooyeiou Kkat £€L MANBUoPOUG TNG ASPLATIKAG,
Ta omoia cUAEXBNKaV amd cUVEPYATEC ETMLOTHLOVEG TOU €wTeplkou. Eotidlovtag oto
avWTeEPO PBaBUUETPLKO €UpoC e€AmMAwong Tou eidoug (vepd pnxotepa twv 40 m),
Kataypddnke TO OoVWTEPO PaBUUETPIKO Oplo Twv TNAnBucpwv ava otobud
delypatoAndiog, n mMUKVOTNTA, N KOTAVOUR UYPouc, KOl N EKTACN TPOUUATIOHOU TWV
amolkiwy. Ma tnv OSlepelivnon TWV XWPELKWV TPOTUMWY TpayUatonolnénkav
OUYKPLTIKEG avalloelg oe Tpla emimeda (yewypadikn meployr, tonobecia, otabuog
SdewypatoAnyiag). Emiong, aflohoynbnke o TUMOC KAl N €KTACN TPAUUATIOHOU TWV
OMOLKIWY UTO TO Tiplopa SladopeTIKwY avOpwWIOYEVWY MLECEWV. IUHbWVA HE Ta
anoteAéopata, n Soun kot n Suvapkn twv MANBuouwv tou eidoug E. cavolini
TapoucLalouv GNUOVTLKEG S10pOPOTIOLNOELG LETAEY YEWYPADLIKWVY TIEPLOXWY, OL OTIOLEG
ekppalovtal wg Stadopég otnv katavourn UPoug kot mukvotntag. H KAlpako Tng
peAéTng avadelkvuel Tnv afia Ste€aywyng epeuvwyv o Meooyelako eninedo yla tnv
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KAAUTEPN Katavonon tg olkoAoyiag kat Tng Suvatotntag avakapuPng Twv nAnbuouwy
£vOC €ldouc uTto SladopeTikEC MePLBAANOVTIKEG CUVONKEC KAl avOpwITOYEVE(C TILEDELC.

KaBwg ehdylota elval yvwotd oXeTIKA He Tov KUKAo Twn¢ tTng Kitpvng yopyoviag, To
televtaio KeddAato tng Alatpipnic (Kedpdalato 5) diepeuva to pubud avamtuéng Kot ta
OVATIAPAYWYLKA XOPOKTNPLOTIKA Tou €idoug E. cavolini oe évav mANBuouo tou BA
Awyailou (Keddalalo 5). H avamtuén twv yopyoviwv moooTikomolntnke epapuolovrag
pia véa, pn-kataotpemntiki HEBodo mou Baociletal otnv emavaAnmrikn ¢wrtoypddnon
OUYKEKPLUEVWVY ATOLKLWY o€ Pabog xpovou, Kal otnv availucn Twv dwtoypodlkwy
SelyHATWY HE TO Aoylopko photoQuad ylwa tTnv TOCOTIKOTOINGN EMAEYUEVWV
HOopdOAOYLKWY XOPOKTNPLOTIKWY (UYPog, TMAATOC, OUVOALK emidAvela amolkiag).
EmumAéov, n ouMoyn Plodoylkol UAlkoU emétpede T Slepelivnon  Twv
OVATIAPAYWYLKWY XOPOKTNPLOTIKWY Tou €idou¢. Ta amoteAéopata £6et€av OtL n E.
cavolini €xel apyny ocwpatikn avamtuén (1.4 cm oe UYPog ava £tog). Eival eidog
YOVOXWPLOTIKO, Baoiletal katd kUPLo AOYo OTtnVv €yyevh, apdlyoviK avamapoywyn,
Kal GTAVEL O avamopaywylky wpipoavon tav oL anolkieg éxouv UPog mepimou 20 cm.
O avamapaywylkog KUKAOG mapoucLalel oxeSov Tautoxpovn aneAeuBépwon BnAukwv
KOl QPOEVIKWV YaUeETWY f/kat AapBwv, kot ¢paivetal va oAoKANPpWVETAL KATA T TEAN
AvoLENG PE apXEG KaAoKaLpLoU.
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Summary

Coralligenous assemblages form one of the most typical hard substrate habitat types of
the Mediterranean. They develop biogenic structures (coralligenous formations)
through the multilayered accumulation of encrusting coralline algae (especially of the
genus Corallinacea and Peyssoneliacea) and the calcareous remains of other sessile
organisms, such as anthozoa, bryozoa, sponges and polychaetes, which grow under
dim light conditions. They are characterized by increased structural complexity and
species diversity, and serve as reservoirs of natural resources. However, they are
particularly vulnerable to anthropogenic pressures, as the majority of the habitat-
forming species are long-lived with slow growth and low recovery capacity. Despite
their high ecological and economic value, there are still important knowledge gaps
regarding the spatial distribution, community composition, and conservation status of
coralligenous assemblages in different parts of the Mediterranean. Available
information is particularly fragmented and mainly comes from studies conducted in the
NW Mediterranean. The need for the systematic assessment and rigorous evaluation of
coralligenous assemblages was for the first time highlighted through the adoption of
the “Action Plan for the conservation of coralligenous and other calcareous bio-
concretions in the Mediterranean Sea” in 2008 in the framework of the Barcelona
Convention for the Mediterranean Biodiversity. The Action Plan acknowledged the
value of coralligenous assemblages, identified the main pressures and threats, and
underlined the necessity for the collection of reference data regarding their
distribution, structure, diversity, and dynamics.

The general scope of the Thesis is the investigation of biodiversity patterns of
coralligenous assemblages in the Aegean Sea, and the ecology of the yellow gorgonian
Eunicella cavolini, a species whose populations form typical coralligenous facies.
Specifically, the Thesis aims to: a) document the geographical distribution of
coralligenous formations and E. cavolini populations across the Mediterranean, b)
investigate spatial patterns in community composition and diversity of coralligenous
assemblages found in different parts of the Aegean Sea, c) explore the demographic
characteristics of E. cavolini populations in the Aegean and other parts of the
Mediterranean, and d) study the growth rates and reproductive characteristics of E.
cavolini. To achieve these research objectives, a number of inter-related studies were
designed and conducted, using both descriptive and experimental methodological
approaches. Three representative geographic localities of the Aegean Sea were
investigated (Pelio, Chalkidiki and Lesvos) through scientific SCUBA diving at depths up
to 45 m. Standardised protocols were used for the in situ assessment of coralligenous
assemblages via photographic and visual methods, while new sampling tools and image
analysis software were designed and developed for the quantification of calibrated
image samples. Complementary laboratory analysis of biological samples enabled the
identification of characteristic species and the investigation of E. cavolini reproductive
characteristics. The findings regarding the Aegean Sea were selectively combined with
data from other regions of the Mediterranean through shared publications and
collaborative works with specialist scientists and European research Institutes.

The depiction of the geographic distribution of coralligenous assemblages (Chapter 1)
and E. cavolini populations (Chapter 3) at a Mediterranean scale was achieved through
a thorough review of available literature and other data sources, in combination with
information provided by expert scientists and divers. The results indicate that
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coralligenous formations have a widespread distribution across most parts of the
Mediterranean, and particularly at the northern areas of the basin (89% of point data
representing presence). At the same time, the similar and extensive geographic
distribution of E. cavolini populations in the Aegean Sea and the northern
Mediterranean coasts highlights the value of investigating this particular species, and
the associated coralligenous facies, as a basis for comparative studies across the basin.

For the study of community structure and diversity of coralligenous assemblages in the
Aegean Sea (Chapter 2), an assessment of the macrobenthic assemblages found within
the E. cavolini coralligenous facies was carried out. Overall, six sites were investigated
within three representative geographical localities (Pelio, Chalkidiki and Lesvos) at
depths up to 35 m. Data were collected based on a standardised, non destructive,
photographic method using scientific SCUBA diving. The quantitative analysis of
photographic samples indicated that coralligenous assemblages of the Aegean Sea host
a large number of conspicuous sessile species (100 species / groups of species), with
encrusting coralline algae and sponges being the dominant groups in terms of area
cover. Although biodiversity patterns showed no significant spatial differentiation,
community composition was found to be statistically different at the level of sites
found within the same geographic locality. These results highlight the structural
complexity of coralligenous formations and the particular role of local abiotic and
anthropogenic factors in the shaping of assemblages. Furthermore, despite the overall
similarity to their NW Mediterranean and E Adriatic counterparts, coralligenous
assemblages of the Aegean Sea presented several peculiarities, such as the lack of
other gorgonian and soft coral species in waters shallower than 50 m depth, the low
abundance of arborescent bryozoans, and the higher number of scleractinian species.

The demographic characteristics of E. cavolini (Chapter 4) were investigated based on
data collected in situ through visual census in seven distinct populations of the Aegean
Sea (2 in Pelio, 3 in Chalkidiki, and 2 in Lesvos). The Aegean records were then
combined with additional data provided by fellow scientists from six populations of the
NW Mediterranean and six populations of the E Adriatic Sea. Focusing on the upper
bathymetric range of the species (i.e. waters shallower than 40 m), at each sampling
station data collected regarded: the upper depth limit of each population, colony
density, height, and extent of injuries. In order to investigate spatial patterns, a three
level statistical analysis was carried out (i.e. based on geographic region, locality and
site). According to the results on colony height and density, the structure and dynamics
of E. cavolini populations showed several differences at the level of geographic region.
Besides, disturbance levels, as a function of extent and type of injury were evaluated in
relation to past or present anthropogenic pressures. The study highlights the value of
basin scale studies in the better understanding of the ecology and recovery capacity of
a species thriving across variable gradients of environmental conditions and
anthropogenic pressures.

Up until now little is known about the life history traits of the yellow gorgonian. For this
reason the last Chapter (Chapter 5) examines the growth rates and reproductive
characteristics of an E. cavolini population thriving in a coralligenous assemblage at the
NE Aegean Sea. Morphometric characteristics and growth rates of colonies were
assessed based on an original non-destructive photographic method which enables the
quantification of different colony features (height, width, and surface area) using the
photoQuad software. The additional collection of biological material enabled the
investigation of the reproductive characteristics of the species. Results showed that E.
cavolini has a slow somatic growth (1.4 cm per year), and colonies reach sexual
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maturity at approximately 20 cm height. It is a dioecious, gonochoric species, which
primarily depends on sexual reproduction for population growth and maintenance. The
reproductive cycle culminates with the simultaneous release of female and male
gametes and/or larvae, some time between the end of spring and the beginning of
summer.

Summary






General Introduction

Coastal marine ecosystems are among the most productive and diverse systems globally, and
play a crucial role in the provision of several goods and services to humans, such as food,
coastal protection, leisure activities and tourism (Agardy et al. 2005; Barbier et al. 2011). Today,
these ecosystems are being altered and restructured at an unprecedented rate, due to a wide
range of human-induced pressures that have serious consequences on biodiversity and
ecosystem functioning (Thrush & Dayton 2002; Micheli & Halpern 2005; Lotze et al. 2006;
Jackson 2008).

In the Mediterranean Sea, historical overfishing, habitat loss, and pollution are reducing the
complexity of underwater seascapes and food webs, while the introduction of invasive species
induces changes in biodiversity patterns and community structure (Lotze et al. 2006; Airoldi &
Beck 2007; Coll et al. 2010; Zenetos et al. 2012; Katsanevakis et al. 2014). These impacts are
further exacerbated by the superimposed modifications that are brought about by global
climate change, including seawater temperature rise, acidification, and changes in water
circulation (Hughes et al. 2003; Harley et al. 2006; Lejeusne et al. 2010; Raitsos et al. 2010;
Martin & Gatusso 2009; Cerrano et al. 2013). The effects of these disturbances are particularly
deleterious for benthic sessile organisms that are unable to relocate, and especially for species
with long generation times that have little potential to adapt in response to rapid changes
(Lasker & Coffroth 1999; Solan et al. 2004). Furthermore, the lack of historical data preceding
large-scale human impacts restricts the proper evaluation of present conditions (Sala et al.
2011), while conservation plans are effectively rendered inadequate due to poor knowledge
regarding the current distribution of habitats and species, and the often arbitrary classification

of habitat types (Fraschetti et al. 2008; Claudet & Fraschetti 2010).

In this context, it is critical to document the spatial distribution of habitats and species, and
conduct systematic research on diversity patterns and population dynamics along
environmental gradients (Thomas et al. 2004; Doney et al. 2012). Such information offers
valuable reference data, upon which to develop scientifically sound conservation plans and

mitigation strategies (Claudet & Fraschetti 2010; Levin et al. 2014).
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1. Mediterranean coralligenous formations

1.1 Definition and structure

Mediterranean coralligenous formations (or coralline reefs) are biogenic structures that
develop on hard substrates under dim light conditions, and represent one of the most
important endemic marine habitats of this semi-enclosed sea (Ballesteros 2006). They develop
at depths ranging approximately from 20 to 150 m, where the relatively stable conditions of
light, temperature, current intensity and salinity, foster the extensive growth of encrusting
coralline algae and other slow-growing sciaphilous organisms (Laborel 1987). Over time, the
multi-layered accumulation of calcareous deposits is maintained and modulated by the
dynamic interplay of the bio-construction and bio-erosion processes, caused by biotic activity
and the natural weathering of the system (Cerrano et al. 2001). This results to the build up of
complex biogenic structures (bioherms) that contain patchworks of microhabitats and host a

rich diversity of species assemblages (Fig 1).

Fig 1. Basal layer of coralligenous assemblage. a) Diagrammatic section of a coralligenous formation, illustrating
the increased small-scale complexity and the different microhabitats (adopted from Ballesteros 2006, drawing by J.
Corbera). b) Photograph of a corresponding small block of coralligenous basal layer collected from a vertical wall in
the NE Aegean.

Although coralligenous formations may occur as enclaves in other habitat types (e.g. cracks and
crevices of shallow rocks or in Posidonia oceanica rhizomes), two main morphotypes have been
described to date: a) Rims or coralligenous of the littoral rock, which develop on steep cliffs,
isolated rocks, and at the entrances of submarine caves, and b) Banks or platform coralligenous
which grow on concretionary detritic substrates or rocks of low inclination, that are usually
surrounded by sedimentary substrates (Laborel 1961; Pérés & Picard 1964; Sara 1969, Fig 2).

Accumulation rates of biogenic material are generally low (0.006 — 0.83 mm yr™), while the
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thickness of coralligenous formations ranges from approx. 20 cm to >2 m in rims, and from 0.5
to 4 m in platforms (Sartoretto et al. 1996). Coralligenous formations are characterised by
increased complexity both in physical structure and community composition, and encompass a
broad range of species assemblages and ecological facies' that are collectively referred to as

coralligenous assemblages (Fig 3).

180

Fig 2. Different types of coralligenous formations: 1) at the entrance of a shallow cave, 2) at an overhang, 3) on a
vertical wall, 4) on crumbling rocks from vertical walls, 5) over rock soles/blocks, 6) on concretionary (detritic)
substrate. Types 1-5 belong to the morphotype rims or coralligenous of the littoral rock; type 6 is referred to as
platform or bank coralligenous. The vertical axis indicates depth in meters, and the horizontal black line (m.s.l.)
denotes mean sea level (diagram adopted from Ros et al. 1985, redrawn from Laborel 1961).

The term “coralligenous” (in French coralligéne), which derives from the Greek words “korali”
and “genesis” (meaning coral-producing), was first introduced by Marion (1883) who described
the coarse gravel biogenic substrates off Marseille that were rich in red coral (Corallium
rubrum, Linnaeus, 1758). However, the term soon lost its original meaning, as it was
incorporated in bionomic studies that focused on the community composition of hard
substrates; specifically, those that presented a lower layer of encrusting coralline algae and a
large variety of conspicuous sessile animal species, regardless the presence of red coral (e.g.
Feldmann 1937; Péres & Picard 1964; True 1970; Boudouresque 1973, Hong 1980; Ros et al.

1985; but see Ballesteros 2006 for a full review).

! Facies: aspect exhibited by a biocenosis when the local predominance of certain biotic and abiotic factors causes
the prevalence of either one or a very small number of animal species (UNEP-MAP-RAC/SPA, 2006).
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Fig 3. Coralligenous assemblages of the Aegean Sea: a) cave entrance, b) negatively inclined wall, c) overhang, d)
cliff with Paramuricea clavata facies, e) wall with Eunicella cavolini facies, f) outcrop surrounded by sand.

Whereas encrusting coralline algae —primarily of the genus Corallinacea and Peyssonneliacea—
are the main builders, animal species also play an important role in the creation and
maintenance of coralligenous formations, either by contributing to the bio-construction (e.g.
bryozoans, serpulid polychaetes, scleractinian corals) and bio-erosion processes (e.g. sponges
and molluscs), or by providing secondary substrate for other species to settle (e.g. gorgonians
and sponges), Fig 4. Other abundant taxa include several non-calcified algal species, as well as a
large number of molluscs, annelids and crustaceans, which dwell in the cavities of coralligenous
formations. Overall, coralligenous assemblages host more than 1.666 species (Ballesteros
2006). However, this figure is most likely an underestimate, considering the high structural
variability and complexity of the formations, the low number of studies outside the NW
Mediterranean, the presumably large number of cryptic species that have not been recorded to
date, and the general discrepancies confounding the taxonomic status of several taxa,
especially coralline algae (e.g. Ballesteros 2006; Kaleb et al. 2011; Bertollino et al. 2013; Rindi et
al. 2014; Calcinai et al. 2015; Pefia et al. 2015). Nevertheless, the Ballesteros (2006) estimate
corresponds to approximately 10% of the known Mediterranean marine species, and renders
coralligenous as one of the top marine biodiversity hotspots in the basin, alongside the P.

oceanica meadows (Boudouresque 2004; Coll et al. 2010).
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Leptopsammia pruvoti

-

Salmacina / Filograna sp Reteporella grimaldii

Fig 4. Common algal and animal bio-constructors of Mediterranean coralligenous bioherms.

Furthermore, coralligenous assemblages host several endemic, endangered and commercially

important species, and create impressive seascapes that represent a focal attraction for diving
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tourism (e.g. Boudouresque 2004; Ballesteros 2006; Giaccone 2007). A key aspect of
coralligenous assemblages however, is that the majority of habitat-forming species present
slow growth, and thereby low resilience to imminent threats and disturbances (e.g. Sartoretto
et al. 1996; Garrabou & Ballesteros 2000; Garrabou & Zabala 2001; Marschal et al. 2004;
Teixido et al. 2011a).

1.2 Distribution and natural variability

Coralligenous assemblages occur across most parts of the Mediterranean Sea, with the
exception of the southern and eastern coasts of the Levantine basin (see Chapter 1). While light
intensity is the primary factor determining the bathymetric extent of coralligenous (Ballesteros
2006), a wide range of environmental parameters, such as temperature, productivity, turbidity,
current intensity, and sedimentation rates, also affect community composition across different
spatial scales (e.g. Morganti et al. 2001; Piazzi et al. 2004, Balata et al. 2005, 2006; Virgilio et al.
2006; Holon et al. 2014). For example, coralligenous formations in the cold and highly turbid
waters off Marseille develop even at depths of 15 m or shallower, and present a high
abundance of large suspension feeders, such as gorgonians. On the contrary, the upper depth
limit of coralligenous reefs in the transparent oligotrophic waters of the Balearic Islands is
displaced to waters deeper than 40 m, while the primary suspension feeders are sponges,
bryozoans, and small hexacorals (Zabala & Ballesteros 1989). At a more local scale,
coralligenous assemblages display a generalised pattern of zonation in response to light
intensity, according to which algal species have a higher area cover in shallower or well-lit
surfaces, while animal species predominate at deeper or darker areas (Ros et al. 1985; Cocito et
al. 2002; Garrabou et al. 2002a; Virgilio et al. 2006). As previously mentioned however,
coralligenous frameworks present high structural heterogeneity and support the coexistence of
several microhabitats. For this reason, environmental factors and associated biotic interactions
can change abruptly at the microscale level (e.g. due to small differences in substrate
inclination), while smooth gradients are generally lacking. Spatial variability of community
composition is thereby commonly reported to be higher at small scales (i.e. within site,
Fredeghini et al. 2000; Cocito et al. 2002; Balata et al. 2006; Virgilio et al. 2006) rather than at
larger geographical scales. In the latter, coralligenous assemblages are reported as relatively

homogenous, at least with respect to their algal components (Piazzi et al. 2004; 2014). On the
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other hand, temporal variability is generally low, and is mainly related to differences in the
seasonal abundance of soft algal species (Piazzi et al. 2004; Balata et al. 2006). This temporal
stability is partially due to the fact that coralligenous assemblages develop in deep waters
under relatively constant environmental conditions (Garrabou et al. 2002a; Virgillio et al. 2006),
while the majority of constituent organisms have slow population dynamics (Teixido et al.

2011a).

2. Gorgonians

Gorgonians are important structural elements of the Mediterranean sublittoral seascape. Out
of the approximately twenty species known to occur in the Mediterranean (Carpine & Grasshoff
1975; Vafidis et al. 1994), three species commonly develop distinct facies within the
coralligenous assemblages (Ballesteros 2006; UNEP-MAP-RAC/SPA 2006); namely, Eunicella
cavolini (Koch, 1887), E. singularis (Esper, 1971), and Paramuricea clavata (Risso, 1826), Fig 5.
Although not amongst the primary bio-constructors of coralligenous formations, their three-
dimensional tree-like colonies add to the complexity of the assemblages, and enhance diversity
and biomass by providing additional surface for shelter and growth of other species (True 1970;
Cerrano et al. 2010; Carvalho et al. 2014; Curdia et al. 2015). Gorgonians also play a key role as
ecosystem engineers (sensu Jones et al. 1994), as they modulate the structure of the
assemblages by modifying current flow, sedimentation rates, and shading levels (Ponti et al.
2014). Similar to other corals, Mediterranean gorgonians are long-lived species with slow
growth, delayed maturity, low or infrequent recruitment success, and reduced post-settlement

survival (e.g. Coma et al. 1998; Torrents et al. 2005; Linares et al. 2007).

Fig 5. Gorgonian species forming typical facies within coralligenous assemblages. a) Eunicella cavolini, b) Eunicella
singularis, and c) Paramuricea clavata
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The slow population dynamics, combined with the fragile structure of colonies, render
gorgonian populations particularly susceptible to ongoing disturbances that threaten the
integrity of gorgonian forests and coralligenous assemblages as a whole (e.g. Harmelin &
Marinopoulos 1994; Bavestrello et al. 1997; Cerrano et al. 2000; Coma et al. 2004; Garrabou et
al. 2009; Cebrian et al. 2012; Linares et al. 2012). Their ecological significance, their particular
life-history and vulnerability traits, as well as the conspicuous size of colonies that favors in situ
measurements, support the common use of gorgonians as model/indicator organisms to assess
the effects of disturbances on coralligenous assemblages (Linares et al. 2005, 2007, 2010b;

Deter et al. 2012; Gatti et al. 2012, 2015).

2.1 The yellow gorgonian Eunicella cavolini (Koch, 1887)

Distribution

Eunicella cavolini is one of the most abundant gorgonian species in the Mediterranean. It is
widespread in the northern Mediterranean basin, and is also found in the Sea of Marmara
(Weinberg 1980; Vafidis et al. 1994; Topcu & Oztiirk 2015; Sini et al. 2014; Chapter 3). Within
the Aegean Sea, E. cavolini is the most common gorgonian species, and frequently develops
dense populations within coralligenous assemblages in waters shallower than 50 m
(Gerovasileiou et al. 2009; Salomidi et al. 2009). The occurrence of E. cavolini over such a broad

geographical scale provides a unique setup for comparative studies across the Mediterranean.

The bathymetric range of E. cavolini spans from approximately 10 to 220 m, while optimum
colony densities are usually found deeper than 15 m (Russo 1985; Watremez 2012). Its
bathymetric and geographic extent is affected by substrate type, light and current intensity,
temperature, and availability of food resources (Weinberg 1980). E. cavolini is a hard substrate
octocoral species that thrives not only on coralligenous outcrops, but also on other habitat
types, such as shallow overhangs, marine caves, tunnels, rocky reefs or boulders, as well as at
the deep slopes of seamounts (e.g. Carpine & Grasshoff 1975; Bianchi et al. 2010; Bo et al.
2011; Angiolillo et al. 2012). According to Weinberg (1980), the species is mainly found on
surfaces with a mean relative irradiance of 6.8% (range: 0.1 to 44% of surface irradiance), and
can withstand low sedimentation rates. With respect to temperature tolerance, shallow (<10

m) E. cavolini colonies have been reported to survive under high seawater temperatures (over
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25°C, although heavily overgrown by algae; Velimirov 1975). Recent findings however
contradict the Velimirov (1975) report. Evidence from laboratory studies and field observations
during recent mass mortality events has shown that colonies can suffer a high percentage of
tissue necrosis or even total mortality soon after exposure to seawater temperatures of 23°C

(Cerrano et al. 2000; Garrabou et al. 2009; Gambi et al. 2010; Previati et al. 2010).

Morphological characteristics and life history traits

Although the number of studies that investigate the ecology and life history traits of
Mediterranean gorgonian species has increased over the last decades, E. cavolini remains one
of the least studied gorgonians, despite its high abundance. Practically, the reports of Velimirov
(1973, 1975, 1976) and Weinbauer & Velimirov (1995a, b; 1996a, b) are the main sources of

information on the ecological and morphological characteristics of this species.

According to the aforementioned studies, E. cavolini is an azooxanthellate, heterotrophic
passive suspension feeder that is characterised by great morphological plasticity in response to
the prevailing water currents. Its colonies can modulate their structural characteristics and
growth form (fan shape, size, orientation, spicule morphology, branch thickness, number of
polyps) according to the degree of exposure to water flow and current direction. This plasticity
allows colonies to dynamically adjust their position and form, in order to reduce the drag from
hydrodynamic forces, whilst maximizing feeding efficiency (Velimirov 1973; Velimirov 1976;

Russo 1985; Weinbauer & Velimirov 1995a).

E. cavolini is a long-lived species with a maximum reported life span of 21 years (Weinbauer &
Velimirov 1995b, 1996b). It has slow growth (between 0.85 and 1.14 cm yr™, see also Chapter
5), secondary production is between 0.3-7.4 g dry weight (dw) m’ yr'l, and production to
biomass ratio is generally low and ranges from 0.24 to 0.32 yr* (Weinbauer & Velimirov 1995b).
Maximum recorded standing stock biomass ranges from 304 g dw m™ in Marseille (True 1970)
to 584.6 g dw m™? in Corsica (Weinbauer & Velimirov 1996b), and is comparable to values

reported for several tropical gorgonian populations (Goldberg 1973; Opresko 1973).

General Introduction 17



Growth rates are more pronounced in small-sized colonies (Weinbauer & Velimirov 1995a) and
are higher in cold rather than in warm months, possibly indicating that gorgonians enter a
summer dormancy period (Velimirov 1975). This is in agreement with the energetic constraints
hypothesis, according to which higher seawater temperature and low food availability during
Mediterranean summers pose a metabolic stress on benthic suspension feeders (Coma et al.
2000; Coma & Ribes 2003; Coma et al. 2009). In response to these unfavorable environmental
conditions, gorgonians enter a period of dormancy characterised by low rate of new tissue
synthesis, low respiration rates, and contraction of polyps (indicative of reduced feeding
activity). In further support of the latter, Rossi et al. (2006) reported a minimum of gorgonian
lipid and carbohydrate levels in P. clavata colonies during summer-autumn, which coincides

with low food concentration/quality.

Currently, very little is known about the reproductive characteristics of E. cavolini and the size
or age of colonies reaching sexual maturity. Equally unknown are the embryonic development
and early life stages of this species. Regarding recruitment and mortality dynamics, Weinbauer
and Velimirov (1996a,b) reported variations among successive years within the same
population, similar to other Mediterranean gorgonians (Linares et al. 2008; Gori et al. 2011). In
the absence of human disturbances, natural mortality rates of gorgonian species are usually
very low (2.7%, Coma et al. 2004), and E. cavolini has shown the ability to regenerate lost tissue
(Bavestrello & Boero 1986). Although no quantitative estimates exist regarding the effects of
direct anthropogenic disturbances on E. cavolini, mass mortality events have severely affected
local populations in the NW Mediterranean, with mortalities sometimes reaching up to 90% of
local populations (Cerrano et al. 2000; Garrabou et al. 2009; Gambi et al. 2010; Gambi et al.
2012).

3. Key threats and disturbances of coralligenous assemblages

Dwelling in the rapidly altered Mediterranean marine environment, coralligenous assemblages
are invariably affected by the cumulative effects of multiple anthropogenic stressors, which
pose a significant threat to the long-term functional integrity and resilience of these highly

diverse habitats.
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Disturbances that directly affect coralligenous assemblages include mechanical damage by
destructive fishing practices (benthic trawling, static nets or traps; Chiappone et al. 2005;
Bavestrello et al. 1997; Maldonado et al. 2013), unintentional damage caused by unregulated
recreational activities such as SCUBA diving and boat anchoring (Garrabou et al. 1998; Coma et
al. 2004; Linares et al. 2010a,b; Tsounis et al. 2012), harvesting or poaching of specimens for
commercial use or souvenirs (Tsounis et al. 2007, 2010), sedimentation, pollution, marine
debris (Hong 1983; Airoldi et al. 2003; Bo et al. 2011; Piazzi et al. 2012; Angiolillo et al. 2015),
and the expansion of invasive species, especially Caulerpa racemosa and Wormsleyla setacea

(Cebrian et al. 2012; Piazzi et al. 2007, 2012).

At a larger scale, mass mortality events linked to climate change are reportedly occurring in the
Mediterranean with increasing frequency since the 1980s (Coma et al. 2009). Although the
exact causes that trigger these events are unknown, existing information suggests a link
between their occurrence with atypically high seawater temperatures, prolonged stratification
of the water column, and thermocline deepening, especially during the late summer and early
autumn months. These environmental conditions expose organisms to a protracted summer
setting that induces extended physiological stress, due to high respiratory demand and low
food availability, and reduces the organisms’ resistance to proliferating pathogens such as fungi
and protozoan ciliates (Cerrano et al. 2000). Informative insights into these phenomena were
provided during the well-documented mass mortality events of 1999 and 2003; the former
affected a large part of the Ligurian Sea, while the latter was detectable across more than 1000
km of the NW Mediterranean coastline (Cerrano et al. 2000; Garrabou et al. 2009). In situ
monitoring efforts revealed abnormally high seawater temperatures down to 25 m or more,
which were up to 3 to 4°C above average. Approximately 30 species were affected belonging to
four invertebrate phyla, namely Cnidaria, Porifera, Bryozoa, and Mollusca, while mortality of
gorgonian populations ranged between 40 to 100% (Cerrano et al. 2000, 2005; Garrabou et al.
2009). Although not of the same magnitude in terms of spatial scale or number of affected
species, numerous, more localised events are being reported regularly (Benssousan et al. 2010;
Cebrian et al. 2011; Gambi et al. 2010, 2012; Huete-Stauffer et al. 2011; Stabili et al. 2012; di
Camillo et al. 2012; di Camillo & Cerrano 2015). Their impacts appear to be long-lasting, and the

monitoring of affected gorgonian populations has showed that delayed effects may be much

General Introduction 19



stronger than the immediate ones (Linares et al. 2005), due to overgrowth of necrosed

branches by opportunistic species and eventual detachment of colonies from substrate.

Overall, the aforementioned stressors lead to a structural, taxonomical, and functional
homogenization of coralligenous assemblages that gradually shift communities to a less
complex state that is dominated by opportunistic species with short life cycles (Thrush &

Dayton 2002; Piazzi et al. 2012; Rossi 2013).

4. Sampling difficulties and current monitoring approaches

Operational difficulties related to the underwater sampling of coralligenous assemblages at the
limits of decompression SCUBA diving have greatly hindered their systematic assessment
through an integrated approach. The bulk of scientific information stems from studies that
employ an assortment of quantitative or semi-quantitative methodological protocols, using
different tools (e.g. scrapping, visual census or image sampling) and different sampling unit
sizes (True 1970; Hong 1980, 1983; Ferdeghini et al. 2000; Cocito et al. 2002; Piazzi et al. 2004;
Balata et al. 2005). In response to these well-known inconsistencies, the 2008 “Action Plan for
the conservation of the coralligenous and other calcareous bio-concretions in the
Mediterranean Sea” was adopted in the framework of the Barcelona Convention for the
Mediterranean Biodiversity (UNEP-MAP-RAC/SPA 2008), to facilitate the emerging need for
rigorous evaluation, monitoring, and conservation of coralligenous outcrops at a regional scale.
Since then, important steps have been made to establish standard methodological protocols for
the assessment of biodiversity patterns and health status of coralligenous (e.g. Kipson et al.
2011; Deter et al. 2012; Gatti et al. 2012, 2015; Casas et al. 2015). Still, the majority of these
studies are restricted in the NW Mediterranean, while information from other parts of the
basin, such as the eastern lonian and Aegean seas, remains fragmented and limited to
opportunistic or qualitative assessments (e.g. Gerovasileiou et al. 2009; Salomidi et al. 2009;

Issaris et al. 2012).

5. Scope and structure of the Thesis

The general scope of this Thesis is the study of biodiversity in coralligenous assemblages of the

Aegean Sea and the ecology of the yellow gorgonian E. cavolini. Addressing the need for
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quantitative baseline information regarding coralligenous assemblages in different parts of the
Mediterranean, this research work aims to: a) document the geographical distribution of
coralligenous assemblages and E. cavolini populations across the Mediterranean, b) investigate
the spatial patterns in diversity and community structure of coralligenous assemblages thriving
in different parts of the Aegean Sea, and c) explore the demographics and dynamics of E.
cavolini populations in the Aegean and other parts of the Mediterranean. To meet these
objectives, a multitude of inter-related studies were performed using both descriptive and
experimental methodological approaches. Three representative geographic areas of the Aegean
Sea were sampled by scientific SCUBA diving at depths up to 45 m. Standardized protocols were
used to assess the coralligenous outcrops based on photographic and visual methods, and
novel software tools were designed and implemented to extract quantitative information from
the photographic samples. Laboratory analyses were realized using biological samples of
selected specimens for taxonomical purposes and for the investigation of E. cavolini
reproductive characteristics. The findings regarding the Aegean Sea were selectively combined
with data from other regions of the Mediterranean through shared publications and

collaborative works with European research Institutes.

Chapter 1 - Distribution of coralligenous outcrops in the Mediterranean Sea

Obtaining information about the present-day distribution of habitats and species is the
fundamental block for understanding spatio-temporal patterns in biodiversity, and for the
prediction of future shifts in response to climatic change and other human-related disturbances
(Thomas et al. 2004; Doney et al. 2012). This is especially important for benthic communities of
the Mediterranean Sea, a marine region where current temperature trends, species invasions,
and habitat destruction are altering the characteristics of the environment at a rapid pace
(Bianchi & Morri 2003; Bianchi 2007; Coll et al. 2010). As a first step into this Thesis,
information regarding the presence of coralligenous assemblages and E. cavolini populations
across the Mediterranean was compiled in order to produce descriptive distribution maps. Data
were collected through an extensive review of available literature and other data sources, as
well as through communications with international experts, local fishermen, and divers. The
outcomes of these assessments are presented in Chapter 1 for coralligenous assemblages and

Chapter 3 for E. cavolini populations, as they provide distinct, yet interrelated information.
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Chapter 2 - Community structure and diversity of coralligenous assemblages in the Aegean Sea

Given the high ecological and economic importance of coralligenous assemblages, as well as
the numerous disturbances threatening their integrity, there is an ever increasing need to
assess current diversity patterns, evaluate conservation status, and provide baseline data that
will enable future monitoring (UNEP-MAP-RAC/SPA 2008). Although evidence regarding the
presence of coralligenous outcrops in the Aegean Sea is available since the late 1950s (Pérés &
Picard 1958; Laborel 1960), to date, there are no dedicated studies regarding the diversity and
structure of their assemblages, while conservation status is virtually unknown. Furthermore,
due to the lack of information regarding their distribution in the region, coralligenous
assemblages remain largely under-represented in existing conservation management schemes
(e.g. Natura 2000; Fisheries Regulation for the Mediterranean - 1967/2006 EC). In this context,
the aim of this Chapter is to assess the community composition and diversity of coralligenous
outcrops thriving in different parts of the Aegean Sea, and to provide baseline data that will
enable future comparisons and monitoring. Specifically, macrobenthic assemblages were
investigated within one of the most typical coralligenous facies, dominated by the yellow
gorgonian E. cavolini. Data were collected in situ using a standardised, non-destructive
photographic method that enables the rapid acquisition of quadrat image samples through
SCUBA diving in deep waters, satisfies minimum data requirements, and facilitates comparisons
across different spatial scales (Kipson et al. 2011). The photoQuad software was developed and

used to extract quantitative information from the benthic images (Trygonis & Sini 2012).

Chapter 3 - Distribution of Eunicella cavolini (Koch, 1887) across the Mediterranean Sea

Multiple studies have highlighted the importance of gorgonian forests in the structuring of hard
substrate communities and coralligenous outcrops (e.g. Gili & Coma 1998; Linares et al. 2008;
Cerrano et al. 2010; Gorri et al. 2011; Rossi et al. 2013). However, there is a notable lack of
unified maps that document the spatial distribution of gorgonian species. Focusing on the
yellow gorgonian E. cavolini, this Chapter summarizes the status of scientific information
regarding this gorgonian species, and provides a descriptive map depicting the current
knowledge on its spatial distribution across the Mediterranean. Information provided in this

section is complementary to that presented in Chapter 1.
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Chapter 4 - The yellow gorgonian Eunicella cavolini: demography and disturbance levels across

the Mediterranean Sea

Although E. cavolini is a key representative of coralligenous assemblages and is widespread
across the Mediterranean (Chapter 3), very little is known about its population characteristics
and conservation status in different parts of the basin. In this Chapter, the demographic
characteristics of E. cavolini were investigated based on data collected in situ from populations
located in different parts of the Aegean Sea, alongside additional data that were provided by
fellow scientists in the NW Mediterranean and Adriatic Sea. This collaborative work enabled a
comprehensive analysis of E. cavolini populations’ structure and disturbance levels across a
large part of the species’ distribution range, and facilitated a better understanding of the

observed patterns across contrasting environmental gradients.

Chapter 5 - Growth and reproductive characteristics of Eunicella cavolini in the NE Aegean Sea

Both from an ecological as well as from a conservational standpoint, defining somatic growth
rates and reproductive characteristics is key for understanding basic life history processes
which entail population dynamics and resilience to disturbances (Gotelli 1991; Garrabou &
Harmelin 2002; Linares et al. 2007). Aiming to contribute to a better understanding of E.
cavolini life history parameters, and improve knowledge regarding population dynamics of hard
substrate gorgonian species in the Aegean Sea, this last Chapter examines the growth rates and
reproductive characteristics of an E. cavolini population thriving in a coralligenous assemblage
at the NE Aegean Sea. Morphometric characteristics and growth rates of gorgonian colonies
were assessed based on an original non-destructive photographic method, which enables the
quantification of different morphometric parameters, such as colony height, width, and
rectangular area, as well as the more complex metric of colony surface area. Furthermore, the
complementary study of reproductive characteristics provides some first insights regarding size

of colonies at first maturity and approximate time of spawning.
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KedaAaiwo 1

rewypadikn e€anAwon twv KopaAAyevwv
oxnnatiopwyv otn Meodyelo

NepiAnyn

JTOX0C TNC epyaciog eival n ouykévipwon Tng undpxoucoag MAnpodoplag OXETIKA e
TNV nopoucio KOPOAALYEVWY OXNUATIORWY o SLadopeTIKEG TIEPLOXEG TNG Meooyeiou,
wote va yaptoypadnbel n yewypadikn toug e€damiwon. H ouAloyr TtNG OXETLKNG
mAnpodoplag €ywve PEOW  AEMTOMEPOUG  OVAOKOMNGNG TNG  EMLOTNHUOVIKAG
BBAloypadiag, OSlepelvnong OSladlktuakwy TiNywv Kot Pacewv  Sedopévwy,
ETKOWVWVIAC UE ELBLIKOUC EMLOTAUOVEC, KATASUTIKA KEVTPA Kal SUTEG, KABwWG Kal LECW
EMLTOTLWVY TtAPATNPNOEWV 0 KopaAAlyeveic Blokowdtnteg tou Alyaiou. Ta XwPLKA
Sebopéva Pndlomolndnkov Kol HETATPATINKAV O YEW-ovadEPUEVA ONUEL YLOoL TNV
mapaywyn evog xaptn Katavouns. JUpdwva PE To omoTEAECHATA, Ol KOPOAAALYEVE(Q
oxnuotiopol mapouctdlouv eupesia yewypadilky kal Bobupetpkn e€amiwon, Kot
ovamTUoooVTaL OTIC TIEPLOCOTEPEC MEPLOXEC TNG Meooyeiou, o BaOn amd 10 éwg 140
m. To PeyaAUTEPO TMOCOOTO TWV ONUELOKWY dedopévwy (89%) mou ocuykevipwOnkav
adopolv otnv mopouciat Twv KOPAAAYEVWV OXNUOATIOUWY O BOPELEG TEPLOXEC TNC
Meaooyelakng Askavng, evw ol teploxeg tng NA Meooyelaknig AeKAVNG KOL OL OKTEG TNG
A Adplatikng mapouciaocav onuavtiky EANAewdn avadopwv. Ta TPOTUTO XWPLKAC
KOTQVOWUNG TIOU amotuntwlnkav oto Xxaptn Suvatal va cuvleBolV e CUYKEKPLUEVA
YEWHOPPOAOYIKA KAl WKEAVOYPAPLKA XAPAKTNPLOTIKA TWV EMLUEPOUC TIEPLOXWY, OTIWG
n unapén KATtAAANAOU UTIOOTPWHATOG, T EMIMESA TMOPOAYWYLIKOTNTAG, KAl N
Bepuokpaocia  vepoU. Efloou onuavtikdog mapayoviag daivetat va egival n
OVOHOLOpOPpdA KOTAVEUNUEVN SELYLATOANTITIKA TPOoTIABeLa SLEPEVVNONG AUTWV TWV
OXNUOTIOUWY O SLOPOPETIKEG TEPLOXEG. O TEAKOG XAPTNG AMOTEAEL £val XprOLUO
epyalelo ou pmopetl va anoteAécel BAoN yla TO OXESLOOUO EPEUVNTIKWY QTTOCTOAWY,
TNV OMoTiHNoN TWV XWPWKWVY TPOTUTIWV BLOMOIKIAOTNTAG, Th Hovtelomoinon 1ng
KOTQVOUNG OLKOTOMWV Kal TIECEWV, KoBw¢ Kal ot MPpwToPoulieg mpootaciog Kot
Slatpnonc.
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Chapter 1

Distribution of coralligenous formations in the
Mediterranean Sea

Part of this work was published in Giakoumi et al. (2013) | doi: 10.1371/journal.pone.0076449

Abstract

This work compiles existing information regarding the distribution of coralligenous
outcrops in order to map their geographic extent across the Mediterranean. Spatial
data were obtained through a comprehensive review of the scientific literature, several
web sources and online databases, direct communications with expert scientists, diving
centers, recreational divers, and in situ field observations. The collected information
was digitized and transformed into geo-referenced data points to compose a
distribution map. The results show that coralligenous outcrops develop in most parts of
the Mediterranean Sea and over a relatively wide bathymetric range (from less than 10
to 140 m). Information documenting their presence was more pronounced at the
coasts of the N Mediterranean (89% of data points), while very few, to no reports, were
found from the SE Mediterranean basin and the coasts of the W Adriatic Sea. The
observed distribution patterns can be linked to the specific hydro-morphological
features that characterise distinct parts of the basin, such as substrate availability,
productivity levels, and seawater temperature. Differences in scientific sampling effort
were also prominent. The resulting map provides a valuable tool to assist the sampling
design of future studies, and facilitate large-scale biodiversity estimates, modelling of
habitats and threats, and conservation initiatives.

1. Introduction

Coralligenous formations provide key marine habitats, which, along with the Posidonia

oceanica meadows, play a major role in the maintenance of marine biodiversity in the

Mediterranean Sea (Boudouresque 2004). However, scientific knowledge regarding these

biogenic formations is poor compared to the extensively-studied P. oceanica habitats, mainly

due to the greater bathymetric extent of coralligenous formations and the operational

limitations posed by sampling through SCUBA diving in deep waters (Ballesteros 2006).

In 2009, Agnesi et al. (on behalf of UNEP-MAP-RAC/SPA) carried out a detailed analysis of

available cartographic data in order to compile high resolution maps depicting the distribution
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of coralligenous and other calcareous bio-constructions in different parts of the Mediterranean.
Their analysis was based on scientific literature, feedback from international experts, and
contacts with the managers’ network of Marine Protected Areas in the Mediterranean
(MedPAN). This work revealed that cartographic information was limited in number and
distribution, being exclusively restricted to the W Mediterranean (31 sites). Moreover, the
Agnesi et al. (2009) study identified important knowledge gaps in the Adriatic, lonian, and
Levantine (with only 6, 6, and 1 mapped areas, respectively), whereas no cartographic
information was found for the Aegean Sea. Fourty-three percent of the mapped sites occurred
within marine protected areas (14 sites) and Natura 2000 sites (6). Using this census as a
starting point, and focusing on data-deficient areas, the current work compiles additional
information from a variety of data sources in order to provide an updated depiction of the

distribution of coralligenous outcrops.

2. Materials and Methods

Multiple data sources were reviewed and scrutinized. These included peer-reviewed and grey
literature, online databases, national catalogues, scientific and naturalist fora, unpublished data
provided by scientific officers and researchers located in several Mediterranean countries, and
communications with diving centers (see Appendix A for a complete list of data sources).
Spatial information was extracted or provided in the form of raw geographic coordinates,
navigation software placemarks, pre-compiled maps, and shapefile layers. The largest part of
the dataset regarding the coasts of E Adriatic was collated and provided by Petra Rodich (State
Institute for Nature Conservation, Croatia) in the form of 5x5 km grid shapefiles, whereas for
the greatest part of the Turkish coastline a map was constructed and provided by Melih Ertan
Cinar and Ergun Taskin (Ege University and Celal Bayar University, respectively). Within the
Aegean, additional information was obtained through direct communications with local
recreational divers, as well as in situ field observations. When and where possible, depth range
and characteristic species were also recorded. The information was digitized, and subsequently
transformed into geo-referenced point data that were combined into a GIS platform to produce
a distribution map. The proportion of point data corresponding to presence of coralligenous

formations within eight distinct ecoregions of the Mediterranean Sea (as defined Notarbartolo
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di Sciara & Agardy — UNEP-MAP-RAC/SPA 2010, after Spalding et al. 2007, Fig 1) was used to

describe the relative frequency of occurrence of this biotope throughout the basin.
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Fig 1. Map of the Mediterranean divided into eight ecoregions, sensu Notarbartolo di Sciara and Agardy (UNEP-
MAP-RAC/SPA 2010), excluding areas deeper than 1000 m (Giakoumi et al. 2013).

3. Results

The presence of coralligenous formation across the Mediterranean Sea is depicted in Fig 2. A
total of 1269 data points corresponding to coralligenous formations were recorded in 16
Mediterranean countries; namely Albania, Algeria, Croatia, Cyprus, France, Greece, Italy, Israel,
Lebanon, Libya, Malta, Monaco, Morocco, Spain, Tunisia, and Turkey. The greatest amount of
information was recovered from the northern regions of the Mediterranean Sea (89% of data
points). Less information was available from the coasts of Albania, Lebanon, Israel, and Libya,
while no data regarding presence/absence were found for Egypt or Syria. The relative
frequency of occurrence of data points was higher in the Adriatic Sea (27.7%) and particularly in
the NE coasts (21%), followed by the Algero-Provencal Basin (24.8%), the Aegean (17.6%), and
the Tyrrhenian Sea (13%). The proportion of data points was lower in the lonian Sea (6.5%), the

Levantine (5.3%), the Tunisian plateau (2.8%), and the Alboran Sea (2.3%). Overall, depth range
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of coralligenous records was between 7-140 m, with the majority of data points corresponding

to the 20-40 m bin (Fig 3).
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Fig 2. Map of the Mediterranean depicting the presence of coralligenous formations across eight marine
ecoregions.
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Fig 3. Reported depth of coralligenous assemblages according to the review of available information.

4. Discussion

Elaborating on under-explored areas of the Mediterranean, this review enabled the production
of one of the most comprehensive distribution maps of coralligenous to date, and revealed that
these hard substrate benthic habitat are widespread in the basin. The practical importance of
this mapping effort is highlighted in Giakoumi et al. (2013), where the presented data are

combined with respective information on other key Mediterranean habitats (Posidonia
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oceanica and marine caves) to propose spatial conservation priorities across the basin following

an ecoregion-based systematic planning approach®.

Our findings suggest that the presence of coralligenous outcrops is particularly pronounced at
the northern parts of the basin (89% of data points), whereas they appear to be rare or absent
from the W Adriatic, the SE lonian, and the SE coasts of the eastern Mediterranean. While the
observed distribution patterns partially reflect differences in scientific effort and data
availability, they can also be linked to the specific geomorphological and oceanographic profiles
that characterise distinct regions and which may impede or promote the development of
coralligenous accordingly. Specifically, compared to other Mediterranean sub-regions, the SE
Mediterranean basin is characterised by a higher mean annual seawater surface temperature,
higher salinity and lower nutrient levels (Zenetos et al. 2002; Coll et al. 2010; Wiirtz et al. 2010),
all of which represent limiting factors for the development of coralligenous (Ballesteros 2006).
Besides, the greatest extent of the southern and eastern coastline is comprised of accretion
coasts (73%), hence there is little availability of hard substrates for coralligenous assemblages
to develop (Steward & Morhange 2009). Similarly, the predominance of alluvial coastal
substrates in the W Adriatic, as opposed to the island-dominated E Adriatic (Duplanci¢ Leder et
al. 2004), may explain the highly contrasting distribution of coralligenous formations in this
ecoregion. Moreover, the insular character of both the E Adriatic and the Aegean Sea has
resulted to a more scattered distribution of coralligenous formations around the numerous
islands and islets, as opposed to the NW Mediterranean, where data are much more uniformly
distributed along the coastline. Note however, that point data can only account for
corelligenous presence, and they disregard information on the actual habitat cover and
bathymetric extent. Therefore, using point data solely, no direct quantitative comparisons can
be made across regions. Based on a similar mapping approach that incorporated various
point/line/polygon data, Martin et al. (2014) estimated that coralligenous and maérl beds cover
approximately 30% of the Mediterranean coastline. Although our results are comparable, the
Martin et al. (2014) estimate does not account for a considerable amount of information
regarding coralligenous along the Turkish coasts, and it refers to a mixture of habitats by

pooling coralligenous and maérl beds together.

1 Shapefiles are available at http://www.plosone.org/annotation/listThread.action?root=76571
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Unavoidably, using heterogenous data sources of variable resolution to map this highly
complex and discontinuous habitat is a challenging task. The main problems encountered
during data compilation were related to: a) the inaccurate definition of coralligenous that is
often confused with other bio-concretional habitats such as maérl beds, b) the parsing of peer-
reviewed or gray literature articles that do not report coordinates or only present qualitative
maps, c) the insufficient reporting of habitat spatial extent, including depth range, d) the
unreported coralligenous typology (e.g. bank, rocky wall, rocky outcrop), and e) the poor
information regarding the type of assemblages and the associated dominant species or
ecological facies. The aforementioned parameters are vital for evaluating the spatial cover of
different coralligenous types, and mapping efforts such as the one presented herein highlight

the importance of reporting adequate metadata about the study areas and target species.

The combined, integrated use of different observation tools and sampling methods, such as
SCUBA diving, ROVs, and underwater acoustics, can improve our ability to adequately map
coralligenous and assess the associated threats or disturbances (e.g. Holon et al. 2015).
Archiving this information into data depositories of standardised format is equally important
(UNEP-MAP-RAC/SPA 2008, 2015). Still, low-resolution maps such as the one presented herein
provide a valuable background for large-scale estimates of diversity, predictive habitat models,
assessment of individual or cumulative threats, and conservation planning (e.g. Coll et al. 2010,

2011; Giakoumi et al. 2013; Micheli et al. 2013, 2015; Katsanevakis et al. 2014).
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Kedalaio 2

Aopn Kot TToKIAOTNTA TV KOPAAALYEVWV
BlokowotAtwv oto Alyaio

NepiAnyn

Ot kopoAALyeVEe(g BLOKOLVOTNTEC CUYKPOTOUV £vayv artd TOUG MAEOV CNUAVTIKOUC TUTIOUC
OlKOTOTMoU  OokAnpol umooTpwpato¢ TnG Meooyeiou. Anuwoupyolv Bloyeveig
oxnuotiopolg Tou  Tapouctalouv  aufnupévn  SOULK  TTOAUTIAOKOTNTAL  Kal
BlomokAoTnTa, KOl mapExouv MAnBwpa ¢ucikwv ayabwv. ArtoteAouv kataduylo yla
HEYAAO 0plOUO HOKPOBLWVY €L6WVY, T TIEPLOCOTEPA EK TWV OMOLWV Tallouv GNUAVTIKO
poAo otn Onuoupyia kal diatipnon Tou Ployevolg avdayludou. Qotdoo, eival
Olaitepa eumabeic oe emikeipeveg avBpwmoyevelg TECELG Kal AMEINEG. AOyw TNG
dlaitepng onuaociag toug, ot kKopahAlyevel¢ Blokowvotnteg €xouv blepeuvnBel
eKkTETOUEVO Ot Oladopeg Tmeploxeg tng BA Meooyeiou. Opwg, n umapyxouoa
EMLOTNUOVIKH TAnpodopla OXETIKA HE TN OUVOECN Kal TNV OLKOAOyld TOUC OTLG
UTIOAOLTTEG TTEPLOXEC TNG MEeoOYELOKAG AEKAVNG TTAPOUEVEL LOLALTEPA TIEPLOPLOUEVN KalL
OTOCTIACUATIKH. ZTOXOC TNG Tapoloag HEAETNG elval n Tmoootikh Slepevvnon tng
SoUNG Kal TMOLKIAOTNTOC TwV KopoAAlyevwy Blokolwvotntwy oto Alyaio, wg €va anod ta
Alyotepo pehetnuéva Baddooila BevOikd olkoouoThpata TG MeEPLOXNG. AeSoUEvVNG TNG
Souikng molkilopopdilag Twv KOpoAAlYyeVWVY BLOKOWOTATWY, N Topouca HEAETN
ETLKEVTPWVETAL OTNV OLKOAOYIKN dAcn EMIKpATNONG TG Kitpvng yopyoviag Eunicella
cavolini, pia amd TIC TO XAPAKTNPLOTIKEG GACELS TNG €UpUTEPNG KOPAAALYEVOUC
Blokowotntag. Me autov Tov TPOTO, N Tapouca UEAETN TAPEXEL TN duvatotnta
HEANOVTIKWY OUYKPLlOEWVY TOOO O€ TOTILKO, 000 Kal o Meooyeloko eminedo. ZUVOALKA,
SlepeuvnBnkay £€L oTaBuOL O TPELG OVTLIPOOWTTEUTIKEG TIEPLOXEC TOU Alyaiou. MNa tn
OUOTNUATIKN AmOTUNWOoN TWV BLOKOLWVOTATWY £PapUOOTNKE TOXELD, UN-KOATOOTPETTLKN,
dwtoypadikn péBodocg, os Badn amd 18 £wg kat 35 m. H ouykekpyuévn pébodog
adopd otn oculoyn dwroypadlkwy Selypdtwv (25%25 cm) KATA HUAKOG TPLWV
EMAVAANTITIKWY SLATOHWV, VLot TNV KAAUYPN AAXLOTNG OUVOAKAS emiddvelag 1.5 m?
ava otabuo. Mo TNV MoooTk avaAuon Twv ¢wTtoypadlkwy SEYUATWY KAl TNV
€KTIUNON TOU MocootoU KAAUYPNG Twv SladopeTikwy eldwV XpnoluomoBnke to
Aoylouko photoQuad. Z0pdwva Pe Ta amoTeAEoUATA, Ol KOPAAALYEVELG BLOKOLVOTNTEG
Tou Alyaiou cuvioTtoUv €vav OLKOTOTIO auénuévng BlomolklAdtntag, Kot mapouctalouv
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OUYKEKPLEVEG OMOLOTNTEG —OAAQ KOl LOLALTEPOTNTEG— O OXEON HME OUTEC TIC BA
Meooyeiou. JUuyKekplUéva, N avaluon Twv ¢wtoypadlkwy SelyUdtwy eNETpede TNV
tautornoinon 100 sdwv/opdadeg eldwv amd 10 tafvouikég opadeg. O aplBuog eldwv
ava otabuo SewypatoAndiog Atav 43 = 4 (u€cog + TUTIKA OMOKALON), HE TA
evaoBeotwpéva pododUKn KAl TOUG OTIOYYOUG VA AmOTEAOUV TIC KUPLOPXEC OUABEC o€
emidavelaky kalvdn. Mapolo mou ol TIHEC PLomMOLKIAGTNTAG O€ €lXaV OTATIOTIKEG
Sl10popEC ota SLaPOPETIKA XWPLKA Timeda HeAETNG, N oUvBeon Twv BLOKOLWVOTATWVY
OlEdepe onUAVTIKA PETALU oTtaBuwv Tou Bpilokovral otnv idla yewypadlkn mepLoxn.
OL xwplkEg Sladopomoloelg mou mapatnpndnkav amodidovtol Kuplwg oTIG KATA
TOMouG SLadoPETIKEG ABLOTIKEG CUVBONKEG Kal oTnV eNidpaon avOpwIMoysEvwyY TILEGEWV.
H napoloa UEAETN aMOTEAEL TNV TPWTN CUCTNUATIKA Kataypadr Twv KopoAAlyevwv
Bokowvotntwv otnv BA Meooyelo, Kol EMONUAIVEL TNV QAVAYKN OCUOCTNUOTLKNAG
Slepelivnong kal mapakoAoUBnong toug oto Alyalo Kol OTIC YELTOVIKEC BaAAcoleq
TLEPLOYEC.
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Abstract

Mediterranean coralligenous assemblages are important benthic habitats of high
ecological and economic value. They are characterised by high structural complexity
and species diversity, and provide a wide range of natural resources.They host a large
number of long-lived, slow-growing benthic species, most of which play a pivotal role in
the development and maintenance of these biogenic formations, but are particularly
vulnerable to ongoing disturbances and threats. Although coralligenous assemblages
have been extensively studied in the NW Mediterranean, information regarding their
species composition and ecology in other parts of the basin remains limited and
fragmented. The scope of this study is to quantitatively assess the community structure
and diversity of the under-explored coralligenous outcrops of the Aegean Sea. Given
the great variety of species assemblages that compose coralligenous outcrops, the
study focuses on assemblages that are dominated by the yellow gorgonian Eunicella
cavolini, a typical coralligenous facies across the Mediterranean, in order to facilitate
future comparisons both at a regional and at a basin scale level. Based on a hierarchical
sampling design, six sites were investigated within three representative geographical
localities of the Aegean Sea. A standardised, rapid, non-destructive sampling method
was applied at depths ranging from 18 to 35 m. Within each site, a total area of 1.5 m*
was sampled using photoquadrats (25x25 cm) over three 0.5 m’ randomly placed
transects. Number and area cover of conspicuous macrobenthic species were assessed
using the image segmentation tool provided by the photoQuad software. Results
suggest that coralligenous assemblages dominated by E. cavolini in the Aegean Sea
constitute a highly diverse habitat that presents several similarities and peculiarities to
its western Mediterranean counterparts. Analysis of photoquadrad samples resulted to
the identification of 100 species/categories of species belonging to 10 taxonomic
groups. Mean number of species per site was 43 * 4, while encrusting coralline algae
and sponges were the dominant groups in terms of area cover. Although biodiversity
values were relatively similar along different spatial scales, community structure
presented significant differences at the level of sites found within the same locality.
Distinct patterns were mainly linked to the specific environmental conditions and/or
disturbance levels that characterise individual sites. This study represents the first
systematic assessment of coralligenous assemblages in the NE Mediterranean, and
highlights the need for further exploration and monitoring of this highly valued marine
habitat throughout the Aegean and the neighbouring seas.

Chapter 2 | Community structure and diversity of coralligenous assemblages in the Aegean Sea

35



1. Introduction

Coralligenous communities growing on hard substrates under dim light conditions represent
one of the most complex and diverse benthic marine habitats of the Mediterranean Sea. They
encompass a wide range of species assemblages, which form biogenic structures through the
multi-layered accumulation of encrusting coralline algae and the calcareous remains of animal
species (Sara 1969; Sartoretto et al. 1996). These biogenic outcrops are acknowledged to be of
high ecological and economic importance, as they host more than 10% of the known
Mediterranean species, including a large number of endemic, vulnerable and protected
organisms (Boudouresque 2004; Ballesteros 2006; Coll et al. 2010). They serve as reservoirs of
natural resources that provide important fisheries grounds, aesthetic seascapes which act as
poles of attraction for diving tourism, and a wide range of raw materials (e.g. Ballesteros 2006;
Lloret 2010; Salomidi et al. 2012). Among the most typical taxonomic groups that characterise
coralligenous assemblages are encrusting coralline rhodophytes (especially of the families
Corallinacea and Peyssonneliacea), sponges, cnidarians, and bryozoans. The majority of the
species involved in the structuring of these assemblages are perennial, long-lived organisms,
which are particularly vulnerable to natural and human-induced disturbances (Garrabou &
Ballesteros 2000; Linares et al. 2007; Teixidd et al. 2011a). Mechanical damage (mainly caused
by destructive fishing practices), sedimentation, increased nutrient loads, mass mortality events
related to positive thermal anomalies of the water column, and invasive species are amongst
the main disturbances that severely affect coralligenous assemblages, both at the individual, as
well as at the community structure level (e.g. Bavestrello et al. 1997; Garrabou et al. 1998;

Cebrian et al. 2012; Teixido et al. 2013; Piazzi et al. 2007, 2012; Maldonado et al. 2013).

The importance of coralligenous assemblages as a priority habitat of the Mediterranean was for
the first time directly addressed through the adoption of the “Action Plan for the conservation
of the coralligenous and other calcareous bio-concretions in the Mediterranean Sea” (UNEP-
MAP-RAC/SPA 2008). The action plan solidified the significance of coralligenous among the
scientific community, identified main threats, and underpinned the need to gain further
information regarding the distribution, composition, dynamics, and conservation status of
coralligenous assemblages throughout the Mediterranean. During the same year, the Marine

Strategy Framework Directive (MSFD, 2008/56/EC) introduced the notion of “seafloor integrity”
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as one of the eleven indicators to evaluate the Good Environmental Status of the marine
environment. This novel ecosystem approach further substantiated the need to assess and
systematically monitor biogenic structures, such as coralligenous assemblages (Rice et al. 2012;

Borja et al. 2013).

The presence of coralligenous outcrops in the Aegean Sea was first documented in the late
1950s (Péres & Picard 1958; Laborel 1960). In these early expeditions, scientists reported the
extensive development of coralligenous assemblages in the region, both as outcrops of the
littoral rock at the lower infralittoral and circallitoral zones, as well as biogenic banks
surrounded by sand at depths up to 130 m (also known as coralligéne de plateau). Since then,
information regarding coralligenous assemblages in the Aegean Sea remains particularly scarce
and fragmented. Available data primarily originate from broader biodiversity studies on specific
taxonomic groups and hard substrate communities (e.g. Vafidis et al. 1994; Antoniadou et al.
2005; Antoniadou & Chintiroglou 2005; Voultsiadou 2005; Kefalas & Castritsi-Catharios 2007),
and from geographically-scattered species inventories of variable resolution (Gerovasileiou et
al. 2009; Salomidi et al. 2009; Topaloglu et al. 2010). Recent mapping efforts have revealed the
presence of numerous coralligenous outcrops in most parts of the Aegean Sea (Georgiadis et al.
2009; Giakoumi et al., 2013; Martin et al., 2014, Chapter 1). Still, the structure, diversity and
ecology of their assemblages rest largely unexplored, while conservation status is effectively
unknown. As a result, they are entirely neglected by existing conservation management
schemes (e.g. NATURA 2000; Mediterranean Fisheries Regulation - 1967/2006 EC). This
underlines the need for dedicated scientific studies that will systematically assess and monitor
coralligenous outcrops in order to enable the development of meaningful conservation plans at
the local and regional scale. Such an approach is vital for the Aegean Sea, which is exposed to
severe alterations caused by destructive fishing practices, sea surface temperature rise, and
introduction of invasive species (Raitsos et al. 2010; Coll et al. 2011; Tsikliras et al. 2015;

Katsanevakis et al. 2015).

In this context, the key objective of the present study is to assess the community structure and
species diversity of coralligenous assemblages dominated by the yellow gorgonian Eunicella
cavolini (Koch 1887) in three representative geographic localities of the Aegean Sea. E. cavolini

is a long-lived gorgonian with a widespread distribution across several parts of the
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Mediterranean Sea, and it is known to form one of the most typical coralligenous facies (UNEP-
MAP-RAC/SPA 2007). Furthermore, it is the most common gorgonian in the Aegean Sea, found
in waters shallower than 50 m (Salomidi et al. 2009; Sini et al. 2015, Chapter 4). Focusing on
this particular coralligenous facies, we used a standardised, non destructive method, aiming to:
a) describe community structure and diversity in waters shallower than 40 m, b) assess
community patterns across different spatial scales, c) identify potential disturbances or threats,

and d) provide reference data to enable future comparisons.

2. Materials and Methods

2.1 Sampling design

The community structure and diversity of six coralligenous assemblages dominated by the
yellow gorgonian E. cavolini were investigated within three representative geographic localities
of the Aegean Sea. Specifically, two sites where investigated in the locality of Pelio (Ag. Vasso
and Lefteris), two in Chalkidiki (Nemessis and Spilia), and two in Lesvos island (Palios and
Kalloni), at depths ranging from 18 to 35 m (Fig 1, Table 1). Most sites were sampled during the

summer months of 2011, except from Kalloni site that was sampled in May 2013.

N
Chalkidiki
~Nemessis
Spilia
. /[ Palios
Pelion Lefteris s LESVOSVV ®.
Ag.Vasso"_... Kalloni @&

0 40 80 160

Aegean Sea

Fig 1. Map of the Aegean Sea depicting sampling localities (in bold font) and sites (bullets annotated with regular
font).
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Table 1. Characteristics of the sites investigated in three distinct localities of the Aegean Sea for the assessment of
coralligenous assemblages dominated by the yellow gorgonian Eunicella cavolini. Density values of E. cavolini were
obtained from Chapter 4 (Sini et al. 2015).

Locality Site Depth Sampled Latitude Longitude Habitat Inclination Mean density of
range (m)*  depth (m) E. cavolini (m?)
Pelio Ag.Vasso  30-50+ 30-35 39°05'08"N  23°07'48"E Rocky outcrops Sub vertical 7.84
Lefteris 20-30 25-30 39°08'31"N  23°20'39"E Reef wall Vertical 10.36
Chalkidiki  Nemessis ~ 30-50+ 30-35 39°56'46"N  23°59'10"E Wall Sub-vertical 11.35
Spilia 32-50+ 32-35 39°56'38"N  23°57'31"E Reef wall Sub-vertical 13.29
Lesvos Palios 30-44 30-35 39°19'42"N  26°26'10"E Reef wall Sub-vertical 6.00
Kalloni 10-27 18-25 39°04'56"N  26°05'25"E Rocky outcrops Sub-vertical 23.52

* The “+” symbol indicates that assemblages expanded to depths greater than the maximum depth reported
herein.

Within each site, assemblages were quantitatively assessed with a standardised photographic
method which involves the acquisition of benthic images using a quadrat frame (25x25 cm =
625 cm?) along specific transects. Each transect consisted of eight contiguous images, hereafter
referred to as the “transect-sample”. The first image of each transect-sample was taken from a
haphazardly chosen position within the coralligenous assemblage, whereas the remaining
seven images were obtained in a contiguous manner (Fig 2). A total of three transect-samples
were collected per site, summing up to a total sampled surface area of 1.5 m? per site. This is in
accordance with the minimum sample requirements proposed by Kipson et al. (2011) based on
the assessment of coralligenous assemblages dominated by the purple gorgonian Paramuricea

clavata in three distinct geographic regions of the NW Mediterranean.

Photographs where obtained using a Canon G9 powershot camera (12.1 MP resolution) with
equivalent underwater housing, which was mounted on a custom-made quadrat frame in order
to maintain standard distance and position of the camera from the sampled surface (Fig 2a). A
photographic method was chosen as it provides a fast and non-destructive way to sample
relatively large surface areas, whilst creating a permanent record that enables direct visual
comparisons and monitoring (Bianchi et al. 2004; Deter et al. 2012). These characteristics are of
particular importance when studying vulnerable or difficult to approach benthic habitats, such
as the Mediterranean coralligenous. Furthermore, in order to overcome the limitations
involved in the identification of organisms through image samples alone (Bianchi et al. 2004),
photoquadrat sampling was combined with in situ field observations and collection of voucher

specimens used for further processing and identification in the laboratory (Fig 2b).
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1 transect-sample = 0.5 m?
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x 3 transects per site
v Total surface area per site = 1.5 m?

8 contiguous quadrats = 1 transect-sample

Fig 2. Schematic representation of the sampling protocol adopted for the study of coralligenous assemblages
through the acquisition of benthic images using a quadrat frame. The first image of each transect-sample was
taken from a haphazardly chosen position within the coralligenous assemblage, while the remaining seven images
were obtained in a contiguous manner, following any possible direction (black dotted arrows) in order to avoid
potential discontinuities of the assemblage. Inset images illustrate: a) in situ use of quadrat with mounted camera,
b) shot of labeled voucher specimen before collection.

2.2 Processing of photographic samples

Photographic quadrat samples were pre-processed and analysed using the custom-made image
analysis software photoQuad (Trygonis & Sini 2012). The software is specifically built to
accommodate the analysis of benthic photographic quadrat samples, and provides interactive
tools for image enhancement and calibration, quadrat boundary detection, feature annotation
and measurement, as well as a suit of quadrat analysis methods. These are functional in a layer-
based environment that simplifies the laborious processing of quadrat samples and facilitates
the automatic quantification of selected image features. Key to the photoQuad software is a
user-defined species library that allows the manual association of objects and annotations to

particular species or other custom categories.

The analysis of photographic samples was realized using the image segmentation method
(Teixidd et al. 2011b; Trygonis & Sini 2012). Image segmentation refers to the automatic
partitioning of the source photograph into distinct segments (patches) that share similar colour
properties. Individual segments may then be interactively selected by the user and grouped
into regions of interest (ROIs) in order to be assigned to specific species, or any other custom
category enlisted in the species library. In the present study, the library was constructed
retrospectively, using all species or groups of species that were identified by the thorough

examination of image samples, the analysis of voucher specimens, and in situ field
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observations. Each image was calibrated to metric units, and the quadrat boundary was traced
to define the sampled surface area. Segmented images were analysed as described above, and
specific ROIs were manually assigned to species and substrate categories (Fig 3). The actual
surface area (cm?) of species and substrate categories, as well as their relative proportion to
the total quadrat area (% cover), were automatically calculated and exported as a plain text

comma-separated (csv) file.
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Fig 3. Snapshots of the photoQuad software depicting: a) photograph of a quadrat sample in which the sampled
surface area is defined by the quadrat boundary (red line); b-c) segmentation maps of the quadrat sample at
different segmentation levels; d) segmented quadrat sample featuring selected regions that were manually
assigned to specific species and substrate categories (blue and green lines) according to the user-defined species
library. Annotations display species or substrate category names of identified features. Purple patch represents a
selected area which has not yet been assigned to some category. The yellow patch indicates an internal hole.
photoQuad’s user interface shows the segmentation panel and layer adjustment tools.
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2.3 Data treatment and statistical analysis

Information extracted from the analysed photoquadrat samples corresponded to four substrate
categories. These included: 1) UBS: unidentified biogenic substrate, 2) Holes: including small
cracks and crevices, 3) Sediment: image regions of sediment patches, and 4) Species cover: all
benthic organisms identified to the lowest taxonomic level possible. Also included in this latter
category were visually similar taxa that could not be identified through photographs and which
were grouped into higher taxonomic levels (e.g. genus of Bugula, family of Serpulidae, order of
Scleractinia, class of Hydrozoa, phylum of Bryozoa), or taxonomic categories with distinctive
morphological features (e.g. turf, mucilagenous algae, encrusting calcareous algae, small
encrusting sponges). All taxonomic names used were cross-checked using the World Register of

Marine Species (WoRMS Editorial Board 2015).

The mean number and area cover of the main taxonomic groups recorded per site were initially
described in a graphical manner. The most common species/groups of species characterising
the studied coralligenous assemblages were determined using presence/absence data and a
SIMPER analysis (Clark & Gorley 2006) on untransformed total species cover among the three
localities. Further on, spatial patters of biodiversity and community structure were assessed
considering two main spatial scales: a) level of geographic localities (located hundreds of km
apart), and b) level of sites within localities (located few km apart). For the biodiversity
assessment only organisms identified up to genus level were used. The total number of species
(S) and Shannon’s index of biodiversity (H') were estimated per transect-sample, and were then
compared among localities and sites using permutational univariate analysis of variance
(PERANOVA) based on Euclidean distances (Anderson 2001). The relative contribution of
individual species to the total species cover per site was assessed through the construction of a

pseudo-colour map.

For the investigation of community composition a multivariate analysis was realized based on
square root transformed data of species cover per transect-sample, and a Bray-Curtis
resemblance matrix. Cover data were square root transformed in order to down-weight the
effect of dominant species in community patterns (Clark & Gorley 2006). A non-metric
multidimentional scaling (MDS) ordination was constructed to graphically depict spatial

patterns. Moreover, a Spearman’s rank order correlation analysis was carried out, the results of
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which were superimposed on the MDS graph, in order to identify the main groups of taxa
responsible for the observed patterns at a correlation level of >0.6 (indicative of strong
correlation). Community structure was compared among localities and sites through a
permutational multivariate analysis of variance (PERMANOVA) (Anderson 2001). Both
PERANOVA and PERMANOVA tests were set up according to a two-way hierarchical design
using geographic locality (3 levels) as a fixed factor, and sites nested within locality (6 levels) as
a random factor. Additional pair-wise comparisons were performed for groups of data only
when the main tests indicated significant differences. In all cases, statistical significance was
determined based on 9999 permutations. Finally, SIMPER analysis was employed to detect the
species/groups of species contribution to the estimated Bray-Curtis dissimilarity between sites
with statistically different community structure. Statistical analyses were carried out using SPSS
17 and PRIMER v6 software with PERMANOVA+ add-on package (Clark & Gorley 2006;
Anderson et al. 2008).

3. Results

3.1 Structural components

Community structure and diversity of coralligenous assemblages was assessed based on the
analysis of 144 benthic images. A description of the main substrate categories observed in the
investigated sites is presented in Table 2. Mean Species cover had the greatest percentage
cover of the sampled surface area (93.7% * 4, mean * SD), ranging from 88% at the site of
Lefteris (Pelio locality) to 99% at the site of Spilia (Chalkidiki locality). The lower mean Species
cover at Lefteris site was related to the pronounced proportion of the substrate category Holes
in the specific site (approximately 11% of total sampled surface area), indicating increased
substrate rugosity. Furthermore, Sediment cover was generally low in all sites (i.e. less than

5%), while UBS was mostly observed in Kalloni site (10%).

Table 2. Mean * standard deviation of area cover (%) of the main substrate categories recorded in the
photographic transect-samples per site. Total area sampled per site is 1.5 m’.

Site
Substrate category (%) Ag. Vasso Lefteris Nemessis Spilia Palios Kalloni
Species cover 95.3+1.5 87.8+3.6 97.1+1.9 98.8+0.7 93.5+3.7 89.2+9.4
UBS 0.0+0.0 0.0+0.0 15+26 0.2+0.1 0.2+0.4 9.7+8.6
Holes 14+04 11.1+34 0.1+0.1 0.5+0.5 29+28 0.1+0.1
Sediment 3.3+15 1.2+0.3 13+1.0 0.6+0.5 35+13 0.3+0.3
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With regards to Species cover, the combined investigation of photoquadrats and voucher
specimens led to the identification of 100 macrobenthic taxa that belonged to 10 major
taxonomic groups, namely Porifera (41 taxa), Rhodophyta (12), Cnidaria (11), Bryozoa (11),
Chlorophyta (7), Tunicata (6), Annelida (5), Mollusca (4), Ochrophyta (2) and Foraminifera (1),
see Table 3 for a full list. Of the total number of taxa recorded, 89 sessile organisms were
identified to the species or genus level, whereas the remaining organisms were grouped into
higher taxonomic levels, or taxonomic categories with distinctive morphological features
(hereafter referred to as “groups of species”). Mean number of species/groups of species of the
most common taxonomic categories per site are illustrated in Fig 4. Porifera presented the
highest number of species in the majority of sites (14.3 * 4), followed by Rhodophyta (7.3 + 3).
Aditionally, the sites of Nemessis and Spilia (Chalkidiki locality) had an increased number of
Chlorophyta (5.5 + 0.5) and Bryozoa (6.5 + 1.4), while the sites of Lefteris and Ag. Vasso (Pelio
locality) had the highest number of Cnidaria (7.3 + 1.5), which were primarily represented by

scleractinian corals.
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Fig 4. Number of species or species categories of the most common taxonomic groups encountered per site. Bar
height expresses the mean, error bars depict standard deviation.

In terms of species cover (%), macroalgae were the dominant group in the majority of sites (Fig
5). Specifically, Rhodophyta had the highest mean cover (40% * 12 of total Species cover), being
mainly represented by the encrusting coralline algae Neogoniolithon mamillosum, Lithophyllum
stictaeforme/cabiochiae, and Mesophyllum alternans, as well as several Peyssonnelia species.

Mean cover of Chlorophyta (20% + 7) was generally much lower than Rhodophyta, and was
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mainly characterised by turf-forming species (e.g. Pseudochlorodesmis furcellata, Cladophora

pellucida).
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Fig 5. Area cover of the main taxonomic categories encountered per site. Percentages were calculated against total
Species cover (i.e. excluding UBS, Holes and Sediment presented in Table 2). Bar height expresses the mean, error
bars depict standard deviation.

Porifera was the second most important taxonomic group in terms of cover (31.6% + 14.3),
whereas it was the dominant group in two sites, namely Ag. Vasso and Kalloni. The species
displaying the highest relative cover were the massive sponges Agelas oroides, Petrosia
ficiformis, Sarcotragus foetidus, and Chondrosia reniformis, as well as the encrusting species

Crambe crambe, Spirastrella cunctatrix, Phorbas tenacior, and Haliclona fulva.

The remaining groups presented a particularly low surface area cover, whilst specifically
pronounced in certain sites. Cnidaria cover (3% + 3, excluding E. cavolini) was more prominent
in the sites of Ag. Vasso, Lefteris and Kalloni. The species that accounted for most of the
Cnidaria cover was the zoantharian Parazoanthus axinellae, which was primarily recorded as an
epibiont on other species (particularly sponges). Bryozoa cover (0.8% * 0.6) presented a slight
increase at the sites of Lefteris and Nemessis, while the most common taxa in all localities were
Adeonella spp., Rhynchozoon neapolitanum, and Schizomavella spp. Finally, area cover of
Tunicata (2.5% + 3.9) was exceptionally high at the site of Kalloni, reaching a within-site
relative mean cover of 18%, mainly due to the encrusting species of ascidians Cystodytes

dellechiajei and Didemnum spp., and the increased presence of Clavelina dellavallei.
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Overall, 40 taxa corresponded to species/groups of species that were present across all
geographic localities. Among them, 26 taxa had a large contribution to the overall similarity of
assemblages across different localites, as suggested by the SIMPER analysis (Table 3). These
included 4 algal biocontructors (i.e. L. stictaeforme/cabiochiae, N. mamilosum, M. alterans, and
P. rosa-marina), 6 animal bioconstructors (R. neapolitanum, Schizomevella spp. Adeonella spp.,
Salmacina/Filograna, Leptopsammia pruvoti, Caryophyllia inornata), 2 bio-eroders (Cliona
viridis and C. schmidtii), and several species of structural importance, such as the massive
sponge species A. oroides, S. foetidus, and the encrusting species Crambe crambe, Spirastrella

cunctatrix, and Haliclona fulva.
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Table 3. Main species/groups of species encountered in coralligenous assemblages of the Aegean Sea. Upper-case
superscripts indicate sites; A: Ag. Vasso, L: Lefteris, N: Nemessis, S: Spilia, P: Palios, K: Kalloni. Asterisk (*) and dark
grey background denote species with >1% contribution to the overall species cover recorded, based on SIMPER
analysis. Double asterisk (**) and/or light grey background indicate species/groups of species that were present in

all geographic localities.

Taxa

Ochrophyta

Dictyota implexa (Desfontaines) J.V.Lamouroux, 1809 "
Mucilagenous algae indet NSk

Chlorophyta

Codium effusum (Rafinesque) Delle Chiaje
Cladophora pellucida (Hudson) Kiitzing ****

Flabellia petiolata (Turra) Nizamuddin " */**
Halimeda tuna (J.Ellis & Solander) J.V.Lamouroux "%
Pseudochlorodesmis furcellata (Zanardini) Bgrgesen "
Valonia macrophysa Kiitzing ALNS

Turf indent AV /™

Rhodophyta

Acrodiscus vidovichii (Meneghini) Zanardini "
Amphiroa rigida J.V.Lamouroux "
Lithophyllum stictaeforme/cabiochiae c
Mesophyllum alternans (Foslie) Cabioch & M.L.Mendoza
Neogoniolithon mamillosum (Hauck) Setchell & L.R.Mason
Peyssonnelia rosa-marina Boudouresque & Denizot AL
Peyssonnelia rubra / bornetii cf. *"N*™ v
Peyssonnelia squamaria (S.G.Gmelin) Decaisne
Peyssonnelia indet A v

Sphaerococcus coronopifolius Stackhouse "
Soft red algae indet *™** /"
Encrusting calcareous algae indet
Foraminifera

Miniacina miniacea (Pallas, 1766) "
Porifera

Acanthella acuta Schmidt, 1862
Agelas oroides (Schmidt, 1864) N** /"
Aplysilla sulfurea Schulze, 1878
Axinella cannabina (Esper, 1794)
Axinella damicornis (Esper, 1794) A"/
Axinella verrucosa (Esper, 1794) **
Axinella indet A" ™

Cacospongia mollior (Schmidt, 1862) ©
Chondrosia reniformis Nardo, 1847 S
Clathrina clathrus (Schmidt, 1864)
Cliona celata Grant, 1826 °
Cliona schmidti (Ridley, 1881)
Cliona viridis (Schmidt, 1862)
Cliona indet "™

Crambe crambe (Schmidt, 1862)
Dendroxea lenis (Topsent, 1892)
Dictyonella incisa (Schmidt, 1880)
Dictyonella indet sK

Dysidea fragilis (Montagu, 1814)
Fasciospongia cavernosa (Schmidt, 1862) ©
Haliclona (Halichoclona) fulva (Topsent, 1893)
Haliclona (Soestella) mucosa (Griessinger, 1971)
Haliclona sp.1*

Haliclona sp.2 ®

Hemimycale columella (Bowerbank, 1874)
Hexadella racovitzai Topsent, 1896 **®

Ircinia oros (Schmidt, 1864) **™ i

Ircinia paucifilamentosa Vacelet, 1961 s

SP

ALNSP */**
f, v

ALNSPK */**

ALNSPK */**

APK

ALSPK **

LNP **

ALNSK */**
ALNSPK */**
ALP

ASPK */**

ALP

ALSPK */**

ALNP **

ALNSPK */**
ALNSP */**

Ircinia variabilis (Schmidt, 1862) **

Oscarella imperialis Muricy, Boury-Esnault, Bézac & Vacelet, 1996 t

Petrosia (Petrosia) ficiformis (Poiret, 1789) LNPic

Phorbas tenacior (Topsent, 1925) **
Plakina sp. "

Pleraplysilla spinifera (Schulze, 1879)
Sarcotragus foetidus Schmidt, 1862, 7 i
Sarcotragus spinosulus Schmidt, 1862
Spirastrella cunctatrix Schmidt, #*"*7 i
Suberitidae

Tethya aurantium (Pallas, 1766) ©

Yellow encrusting Porifera *"P**/**

Small encrusting Porifera A™*™ v

Cnidaria

Hydrozoa spp.NS

Caryophyllia (Caryophyllia) inornata (Duncan, 1878)
Eunicella cavolini (Koch, 1887) AN .
Hoplangia durotrix Gosse, 1860 L
Leptopsammia pruvoti Lacaze-Duthiers, 1897
Madracis pharensis (Heller, 1868) **
Paracyathus pulchellus (Philippi, 1842) **
Parazoanthus axinellae (Schmidt, 1862) **N** i
Phyllangia americana mouchezii (Lacaze-Duthiers, 1897)
Polycyathus muellerae (Abel, 1959) **“

Scleractinia indet A" ™

Annelida

Eupolymnia nebulosa (Montagu, 1818) ©

Myxicola infundibulum (Montagu, 1808) *

Filograna implexa / Salmacina dysteri ""*¢ "

Serpula vermicularis Linnaeus, 1767 LPK

Serpulidae ALNPICE®

Bryozoa
Adeonella spp.
Beania magellanica (Busk, 1852) NS
Bugula spp. ™

Cellaria sp. "

Hornera frondiculata (Lamarck, 1816) NS
Reteporella grimaldii (Jullien, 1903) A
Rhynchozoon neapolitanum Gautier, 1962
Schizomavella spp. (Hassall, 1842) AtNs*/*
Schizoretepora sp. s

Smittina cervicornis (Pallas, 1766) *
Bryozoa indet ANSP *

Tunicata

Aplidium elegans (Giard, 1872) **
Clavelina dellavallei (Zirpolo, 1825)
Cystodytes dellechiajei (Della Valle, 1877)
Didemnum sp1*

Didemnum sp2 *

Halocynthia papillosa (Linnaeus, 1767)
Mollusca

Lithophaga lithophaga (Linnaeus, 1758)
Rocellaria dubia (Pennant, 1777) "
Thylacodes arenarius (Linnaeus, 1758) ©
Bivalvia indet "

LPK

ALNSPK **

ALNSP **

LNSK**

ALNSPK */**

NSK

ALNK **
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3.2 Biodiversity patterns

To investigate biodiversity patterns, only organisms identified to a low taxonomic level were
used, i.e. 89 taxa identified to species or genus level. Mean number of species per transect-
sample was 29.7 + 5, while total number of species per locality ranged between 55 and 60
species (Fig 6). Biodiversity indices showed that biodiversity patterns were relatively similar
among different sites (Fig 7). Although number of species (S) presented some variability across
sites (38—49 species), Shannon’s diversity index (accounting both for number of species and

relative cover) was more stable with values ranging between 2.2 and 2.6.
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Ag. Vasso Lefteris Nemessis Spilia Palios Kalloni

Pelio Chalkidiki Lesvos

Fig 6. Total number of taxa identified at the level of species/genus per transect-sample (grey bars and values
within), site (black dashed lines and associated standing values), and geographic locality (continuous red lines and
associated standing values). The prefix “Tr” indicates transect-sample number.

According to the PERANOVA results biodiversity indices displayed no significant differences
among localities, or between sites found within the same locality (Table 4). The relative

contribution of different species per site is presented in Fig 8.
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Fig 7. Diversity indices per site. S: total number of taxa identified to the species or genus level, H'(log.): Shannon’s
index of biodiversity. Whisker span indicates standard error of the mean.

Table 4. PERANOVA analysis on biodiversity indices describing coralligenous assemblages dominated by E. cavolini
across localities (fixed factor), and between sites (random factor) nested within the same locality.

Species Number - S Shannon - H'(log,)

PERANOVA PERANOVA
Source df SS MS Pseudo-F p Source df SS MS Pseudo-F p
Locality 2 15233 76.17 2.5 0.2 Locality 2 0.3 0.15 8.8 0.06
Site(Locality) 3 92.83 3094 2.03 0.16 |Site(Locality) 3 0.05 0.02 0.5 0.7
Res 12 183.33 15.28 Res 12 0.4 0.03
Total 17 4285 Total 17 0.7
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Fig 8. Contribution of different taxa identified at the level of species/genus to the relative species area cover per
site. Upper-case letters indicate sites; A: Ag. Vasso, L: Lefteris, N: Nemessis, S: Spilia, P: Palios, K: Kalloni.
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3.3 Community structure at different spatial scales

The ordination (i.e. non-metric multidimentional scaling — MDS) of the examined localities and
sites according to the structural similarity of their coralligenous assemblages, revealed that
most geographic localities formed a single main cluster (Fig 9a). Specifically, the localities of
Chalkidiki, Pelio, Lesvos (with the only exception of Kalloni site), were grouped together at a
similarity level of 50%. Furthermore, individual sites formed distinct smaller clusters at a
similarity level of 65%. The only exceptions were the sites of Chalkidiki where the majority of
transect-samples did not show further differentiation at the similarity level of 65%, as well as
the site of Kalloni (locality of Lesvos), which was positioned at a distance from the primary
clustering of sites. To determine the main species responsible for the observed spatial patterns,
a Spearman rank order correlation of the main taxa associated to specific sites was projected

on the MDS graph using correlation values higher than 0.6 (Fig 9b).

Along the notional 1° axis of the MDS graph (i.e. x-axis), the separation of Kalloni from the rest
of the sites appears to be due to a predominance of the encrusting species C. crambe, S.
cuntantrix, P. tenacior, C. dellechiajei, and P. axinellae, and the presence of several scleractinian
species, whereas sites located at the other extreme of the axis are more strongly associated
with Lithophyllum sp., N. mamillosum, Peyssonelia indet, and unidentified Encrusting calcareous
algae. Correlation values along the 2" MDS axis (i.e. y-axis) revealed that sites located at the
upper part of the graph (i.e. sites of the Chalkidiki locality) were more strongly correlated to the
presence of several species of Chlorophyta (specifically, turf, H. tuna, F. petiolata, and Codium
effusum), Rhodophyta (Sphaerococcus coronopifolius and Acrodiscus vidovichii), and Bryozoa
(Adeonella spp., B. mangellanica, Bryozoa indet). On the other hand, sites positioned at the
lower parts of the graph, i.e. Palios, Ag. Vasso and Lefteris, displayed a high correlation with
several massive and encrusting sponge species (A. oroides, Dendroxea lenis, H. mucosa, Small

encrusting Porifera), the scelractinian L. pruvoti, and several unidentified Soft red algal species.
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Fig 9. Multidimensional scaling analysis (MDS) of community structure in coralligenous assemblages dominated by
E. cavolini. Symbols indicate the three photographic transect-samples taken per site (i.e. corresponding to eight
images per transect-sample); colours denote geographic locality. a) Clustering lines show groups of assemblages at
a similarity level of 50% (continuous line) or 65% (dashed line). b) Spearman rank order correlation projection on
the main MDS graph, showing the species/groups of species responsible for the clustering patterns at a correlation

level >0.6.
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The two-way PERMANOVA analysis confirmed that variability in community composition was
higher between sites found within the same geographic locality, rather than between localities
(Table 5). The pair-wise comparisons detected significant differences only between the sites of

Ag. Vasso and Lefteris (Pelio locality), and Palios and Kalloni (Lesvos locality).

According to the SIMPER analysis (Table 6a), average dissimilarity of the former group of sites
was 40% and was mainly due to a greater relative cover of Chlorophyta (i.e. Turf, and C.
pellucida) and the sponge A. oroides at the site of Ag. Vasso, whereas Lefteris site had a higher
cover of different Peyssonelia species, M. alterans, the massive sponge C. reniformis, and the

erect bryozoan R. grimaldii.

Table 5. PERMANOVA analysis on community composition of coralligenous assemblages dominated by E. cavolini
across localities (fixed factor), and between sites (random factor) nested within the same locality. Pair-wise
comparisons were undertaken only when the main test indicated significant differences.

Community structure

PERMANOVA Pair-wise comparisons
Source df SS MS  Pseudo-F p |Sites within locality t p
Locality 2 8338.6 4169.3 1.45 0.24 |Ag. Vasso - Lefteris 2.5 0.01*
Site(Locality) 3 8645.1 2881.7 4.74 0.0001* [Nemessis - Spilia 1.2 0.27
Res 12 7287.2 607.27 Palios - Kalloni 2.6 0.02*
Total 17 24271

* indicates statistical significance.

Between the two sites in the locality of Lesvos, the SIMPER results validated the patterns
revealed by the MDS and the associated Spearman rank order correlation, as the two sites
displayed a large average dissimilarity (70%, Table 6b). In accordance with the correlation
analysis, Kalloni was characterised by a greater cover of encrusting forms of sponge, tunicate
and anthozoan species (e.g. C. crambe, P. tenacior, C. dellechiajei, Didemnum sp2, P. axinellae),
and the massive sponge species P. ficiformis and C. reniformis. On the contrary, Palios had a
higher cover of turf and encrusting coralline algae (e.g. N. mamillosum, L.
stictaeforme/cabiochiae, Encrusting calcareous algae, Peyssonnelia indet), while the most

abundant sponge species were A. oroides and H. fulva.

Chapter 2 | Community structure and diversity of coralligenous assemblages in the Aegean Sea 53



Table 6. SIMPER analysis of dissimilarity for the two groups of sites that had statistical differences in community
structure according to the PERMANOVA results; a) Ag. Vasso and Lefteris, b) Palios and Kalloni. Only species with a
contribution >2% to the observed dissimilarity are shown.

a)  Locality Pelio

Sites Ag.Vasso Lefteris

Taxa/groups Av. Abund. Av. Diss. Diss./SD Contrib.% Cum.%
C. reniformis 0 9.27 4.18 3.84 10.65 10.65
P. rubra / bornetii 0.47 7 2.94 6.3 7.5 18.15
P. squamaria 3.61 9.05 2.45 4.08 6.23 24.39
C. pellucida 5.24 0.96 1.92 2.34 4.89 29.28
A. oroides 10.76 6.96 1.72 3.7 4.38 33.66
Mesophyllum sp. 1 4.17 1.43 2.9 3.64 37.3
Turf 11.33 8.18 1.42 6.58 3.62 40.92
Soft red algae 497 2.58 1.36 1.48 3.48 44.4
Encrusting calcareous algae 13.61 10.69 1.32 1.93 3.37 47.77
Small encrusting porifera 10.32 7.82 1.13 5.54 2.87 50.64
F. petiolata 2.28 0 1.03 5.93 2.62 53.25
P. rosa-marina 2.77 2.03 0.95 1.33 2.41 55.67
H. fulva 1.25 1.96 0.89 1.19 2.26 57.92
R. grimaldii 0.11 1.88 0.83 1.39 2.12 60.04
S. foetidus 1.77 0 0.81 1.1 2.06 62.1
C. viridis 1.89 0.11 0.8 0.92 2.03 64.13

Average dissimilarity = 39.24

b) Locality Lesvos

Sites Palios Kalloni

Taxa/groups Av. Abund. Av. Diss. Diss./SD Contrib.% Cum.%
N. mamillosum 9.77 0 4.66 3.13 6.66 6.66
C. crambe 2.23 10.23 3.81 3.17 5.44 12.1
P. ficiformis 0.45 7.84 3.5 12.54 5 17.1
Encrusting calcareous algae 12.16 4.95 3.42 1.47 4.89 21.99
Turf 11.83 6.4 3.12 1.53 4.46 26.45
C. reniformis 0 6.55 3.12 3.89 4.46 30.91
Mucilagenous algae 0 6.39 3 1.33 4.29 35.2
A. oroides 5.95 0 2.82 17.34 4.03 39.23
L. stictaeforme/cabiochiae 5.63 0 2.66 4.26 3.8 43.03
C. dellechiajei 0 5.21 2.46 4.9 3.51 46.54
Small encrusting porifera 10.33 5.45 2.42 1.48 3.46 50
C. dellavallei 0 5.05 24 1.16 343 53.43
P. tenacior 0.92 6.02 2.39 1.59 3.41 56.84
Peyssonnelia indet 497 0 2.37 5.13 3.38 60.22
Didemnum sp2 0 3.77 1.78 1.28 2.55 62.76
P. squamaria 4.23 2.23 1.73 1.63 2.46 65.23
S. foetidus 3.57 2.12 1.58 1.24 2.26 67.48
H. fulva 4.88 1.63 1.57 1.82 2.24 69.73
P. axinellae 1.45 3.49 1.44 1.17 2.06 71.79

Average dissimilarity = 70.03
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4. Discussion

This study represents the first quantitative assessment of the shallow coralligenous
assemblages of the Aegean Sea, and directly addresses the need for baseline data regarding
their diversity and conservation status (UNEP-MAP-RAC/SPA 2008, 2015). By focusing on
assemblages that are dominated by the yellow gorgonian Eunicella cavolini, this work
contributes to the better understanding of one of the most characteristic coralligenous facies
across the Meditteranean, and provides the basis for future comparisons both at a local and at

a basin-scale level.

4.1 Community structure and composition

Results show that coralligenous assemblages of the Aegean Sea found in waters shallower than
40 m encompass an important number of conspicuous sessile organisms (see also Appendix B).
The majority of these species have also been reported from coralligenous communities in other
parts of the NW Mediterranean (e.g. Cocito et al. 2002; Kipson et al. 2011; UNEP-MAP-RAC/SPA
2011; Deter et al. 2012; Gatti et al. 2012; Teixido et al. 2013; Piazzi et al. 2014), the Adriatic
(Ponti et al. 2011), and in previous studies of hard substrate sciaphillous assemblages in the

Aegean Sea over the same depth range (Antoniadou et al. 2006).

The main algal bio-constructors of coralligenous assemblages in the investigated sites were the
calcareous species N. mamilosum, L. stictaeforme/cabiochiae, M. alterans, and P. rosa-marina,
but their relative contribution to the area cover varied among different sites. These four species
have been identified as the main algal builders in most regions of the Mediterranean (Feldmann
1937; Hong 1983; Piazzi et al. 2010; Teixido et al. 2013), and differences in their relative
contribution to the coralligenous built-ups have been related to depth, light, temperature, and

hydrodynamism (Sartoretto et al. 1996; Garrabou & Ballesteros 2000; Ballesteros 2006).

In terms of animal species, most sites of the Aegean Sea were characterised by an extensive
cover of sponges, which presented different forms and functional roles in the structuring of the
frameworks. These included: a) several encrusting or errant species (e.g. C. crambe, D. fragilis,
H. fulva) that expand over large surface areas and play a structural role by binding different

substrate components together (i.e. Fagerstrom 1991; Cocito 2004); b) massive (e.g. A. oroides,
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I. oros, S. foetidus) or erect sponges (e.g. of the genus Axinella), which, alongside the gorgonian
E. cavolini, contribute to the three-dimensional complexity of the assemblages and provide
additional microhabitats for numerous macro- or micro-dwelling species (e.g. Koukouras et al.
1985; Carvalho et al. 2014; Cuardia et al. 2015); and c) species of the genus Cliona, which
together with sea urchins and the molluscs Rocellaria dubia and Lithophaga lithophaga
represent the main bio-eroders of the coralligenous assemblages throughout the
Mediterranean (Cerrano et al. 2001; Ballesteros 2006). On the contrary, the area cover of other
animal species was low and only locally pronounced in few sites. Specifically, although
bryozoans represent an important component of coralligenous assemblages in other parts of
the Mediterranean (e.g. Ferdeghini et al. 2000, 2001; Kipson et al. 2011; Piazzi et al. 2014), the
number of conspicuous, arborescent bryozoan species was relatively low in the investigated
sites, and their total cover was less than 1%. Furthermore, although many scleractinian species
were recorded, there was an overall lack of other large anthozoans (apart from E. cavolini),
such as alcyonarians or other gorgonians. These observations are in line with previous reports
regarding other regions of the Aegean Sea, which suggest that due to the higher water
temperatures and more oligotrophic conditions, large anthozoans are usually confined in
deeper waters (Pérés & Picard 1958; Laborel 1960; Salomidi et al. 2009); see also Chapter 4
(Sini et al. 2015).

4.2 Biodiversity patterns

In terms of biodiversity, variability in the number of species among sites was generally low
(range: 38 to 49), and despite differences in the relative contribution of different species to the
overall species cover per site, no statistical differences were observed at the level of sites or
localities. Given the wide range of approaches that have been applied for the study of
coralligenous assemblages to date, our results on biodiversity patterns can only be directly
compared to the studies of Kipson et al. (2011) and Kipson (2013), who examiend coralligenous
assemblages dominated by the purple gorgonian P. clavata in the NW Mediterranean and E
Adriatic Sea, respectively. Application of a common sampling protocol indicated that the total
number of species recorded in different sites of the Aegean Sea is comparable to that reported
from NW Mediterranean sites (range: 44-58, depths: 17-24 m), but is lower to several sites of

the E Adriatic Sea (range: 47-79, depths: 30—40 m).
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With regards to the sampling design, a key parameter is the minimum sampling area used,
which should be large enough to allow the adequate representation of patchily-distributed or
less abundant species, concurrently accounting for time limitations imposed by the underwater
scenario (Bianchi et al. 2004). Kipson et al. (2011) conducted a systematic biodiversity
assessment of P. clavata coralligenous facies over wider surface areas (i.e. up to 4 m? per site),
and concluded that the minimum sampling area of 1.5 m? per site, also used in the current
study, accounts for more than 80% of the total number of within site conspicuous species. In
comparison to the only other available work on E. cavolini assemblages, the number of
conspicuous sessile animal species (approx. 27) collected by True (1970) by means of scraping
7500 cm? in Marseille was lower than any given site of the Aegean, although this destructive

method provided a better account of the small and cryptic species.

4.3 Spatial patterns in community structure

Community structure of coralligenous assemblages in the Aegean Sea presented distinct
patterns at different spatial scales. However, statistical differences were only detected at the
level of sites situated within the same geographic locality. This suggests that despite localised
differences, overall coralligenous assemblages found in different geographic regions of the
Aegean Sea share some level of similarity in their species composition. This is in line with
previous studies which report a generalized homogeneity in community structure at large
geographic scales (Piazzi et al. 2004; 2014). Coralligenous assemblages are intrinsically variable,
and identifying the scale at which variability is predominantly expressed is a focal issue in their
study in order to meaningfully assess spatial patterns, e.g. in response to stressors. As
commonly documented, abiotic conditions and associated biotic interactions for limited
resources (space, light and food) result to the patchy distribution of organisms and increased
variability within the same assemblage (Garrabou et al. 2002a; Piazzi et al. 2004, 2014). It is
thereby not surprising that a number of previous studies have reported higher small-scale
variability linked to physical habitat features (depth, orientation, substrate inclination and
sedimentation), see for example Ferdeghini et al. (2000), Cocito et al. (2002), Balata et al.
(2005), Virgilio et al. (2006), Ponti et al. (2011), Bedini et al. (2014), Piazzi et al. (2014). A
common characteristic of these studies however was the much smaller sampling unit employed

(400-600 cm?), when compared to the 5000 cm? used in the current study. As pointed out by
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Kipson et al. (2011), a small sampling unit tends to amplify stochastic variability of coralligenous
species composition at small scales, which obscures and hinders the adequate assessment of
variability beyond the scale of replicate samples. Truly, the analyses of Ferdeghini et al. (2000),
Ponti et al. (2011) and Piazzi et al. (2014) identified the scale of replicate samples (individual
quadrat throws) as the one with the highest variability. Our overall results suggest that the
large sampling unit employed in the present study helped to overcome this limitation, whilst

enabling detection of differences between sites in the same locality (Table 5).

At the wider level of geographic localities, coralligenous assemblages presented a certain
degree of variability, as indicated by the clustering of most sites at a similarity level of 50% (Fig
9). Although not statistically significant, this variability was mainly due to the extended cover of
the chlorophytes Flabelia petiolata and Halimeda tuna, which characterised the coralligenous
assemblages of Chalkidiki, in contrast to the sites of other localities, where chlorophyte cover
was lower and mainly restricted to turf-forming species. An extensive cover of F. petiolata and
H. tuna has also been reported for coralligenous assemblages of the NW Mediterranean, where
they appear in association with other encrusting calcareous algal species mainly in well-lit areas
of relatively deep waters (i.e. zone of 30 m; Cocito et al. 2002; Piazzi & Balata 2011), as well as

in shallow water banks (Ballesteros 2006).

On the other hand, at the level of sites belonging to the same geographic locality, significant
differences were observed between the two sites of Pelio (i.e. Ag. Vasso and Lefteris), and the
two sites of Lesvos (i.e. Palios and Kalloni), while no differences were detected between sites in
Chalkidiki. As in previous reports, these differences can be related to variations in
environmental factors, disturbance levels, and the associated species interactions. Regarding
the differences observed within Pelio locality, Lefteris reef is a northward-facing vertical wall,
characterised by increased substrate rugosity, whereas Ag. Vasso site is composed of numerous
small rocky outcrops of small inclination and southeast orientation. As a consequence of these
somewhat different physiognomic profiles, Lefteris reef is more sciaphilous than Ag. Vasso,
despite the former being located in shallower waters. For this reason, the coralligenous
assemblage at Lefteris has a lower cover of Chlorophytes than that of Ag. Vasso, and supports a

very diverse animal community, particularly sponges and anthozoans. This observation is in line
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with previous studies which have indicated that coralligenous assemblages of vertical walls are

mainly composed of sponges and scelractinians (Ros et al. 1985; Cocito et al. 2002).

Furthermore, within the locality of Lesvos, the site of Kalloni was found to differ significantly to
the site of Palios. Overall, community composition at Palios reef was more similar to the
coralligenous assemblages found in the localites of Pelio and Chalkidiki, and was characterised
by a high cover of encrusting coralline algae (particularly N. mamilosum and L. stictaeforme)
along with a high diversity of sponge species. On the contrary, coralligenous assemblages of
Kalloni displayed high dissimilarity to all other investigated assemblages, as the cover of
encrusting coralline algae was particularly reduced and replaced by a high cover of encrusting
sponge and tunicate species. The specific site is situated in a narrow channel that connects a
large enclosed bay with the open sea, and is characterised by increased turbidity, enhanced
levels of naturally-induced sedimentation, and high current velocities generated by tidal and
wind forces (Millet & Lamy 2002). The significant divergence of Kalloni from the rest of the
investigated sites is likely due to the extreme environmental factors predominating in the
specific area, which promote the growth of coralligenous assemblages and gorgonian
populations in much shallower waters (15 m) than those of the rest of the Aegean (Sini et al.
2015, Chapter 4). Although further investigation of the abiotic factors is essential to better
understand the observed community patterns, it is possible that the increased cover of animal
species in Kalloni is due to a competitive advantage of animal versus coralline algal species
under the reduced light conditions induced by the high turbidity and sedimentation levels (Irvin
& Connell 2002; Balata et al. 2005). Besides, the relatively high within site variability in Kalloni
(as illustrated by the MDS in Fig 9) may partly be explained in relation to E. cavolini colony
density, which was on average much higher than the rest of the sites (Table 2). It is
hypothesized that, in patches where the increased density of E. cavolini colonies formed a thick
canopy, a further reduction in light levels and accessibility to food resources, restricted the
growth of the understorey to only encrusting forms of animal species (especially sponges and
tunicates). On the other hand, in patches of lower gorgonian density, a slight increase of light
and substrate availability enabled the growth of algae and other massive or erect sponge

species (e.g. encrusting coralline algae, Peyssonelia spp., Axinella cannabina and S. fetidus).
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4.4 Potential threats and disturbances

Apart from the prevalent effects of natural disturbances, Kalloni site was also more exposed to
human-induced disturbances. Considering its shallow depth range, stressors include direct
mechanical damage caused by fishing gear (especially long-lines, traps and nets) that were
scattered over most parts of the site, recurrent periods of nutrient loads which have previously
been recorded in the wider area (SoHelME 2005; Spatharis et al. 2007, 2009), and potential
thermal anomalies of the water column. During the course of this study, assessment of
gorgonian populations at Kalloni indicated the occurrence of a mass mortality episode (Fig 10).
Specifically, E. cavolini colonies showed extensive tissue loss and overgrowth by other
organisms (Sini et al. 2015, Chapter 4), while in shallower, more photophilous parts of the site
(<15 m) a dense population of the white gorgonian E. singularis almost disappeared within
approximately two years. Although necrosis of other benthic organisms was not systematically
measured in the photoquadrat samples, several sponge species had visible signs of partial
damage or were overgrown by turf and filamentous mucilaginous algae. Given the lack of
regular monitoring, neither the causes that triggered this outbreak, nor the time of initiation
and duration of the stressor/s involved can be directly addressed through the present study.
However, it is possible that the distinctive composition of the coralligenous assemblages in
Kalloni site may be a result of a large disturbance which has led to a shift in community
structure and caused the prevalence of encrusting animal forms. A similar observation of a shift
from erect to encrusting forms was also observed by di Camillo & Cerrano (2015), following two

consecutive mass mortality outbreaks in the NW Adriatic.

Fig 10. Coralligenous assemblage dominated by E. cavolini in Kalloni site; depth is 15 m. Image a) was taken in June
2010, while image b) in May 2013. Note the degraded state of the colonies in 2013, characterised by turf and
ascidian overgrowth, alongside fishing gear leftovers.
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In the remaining sites, the common presence of ghost nets and fishing lines in all investigated
areas highlights the widespread occurrence of this potential threat, the effects of which are not
easy to detect and quantify through one-off studies. Furthermore, the invasive species
Womersleyella setacea was observed at both sites of Chalkidiki, while Caulerpa cylindracea was
recorded in Palios site (Lesvos locality). The presence of these two species has previously been
reported at a similar depth range from nearby sites to our respective investigated areas
(Antoniadou et al. 2007; Gerovasileiou et al. 2009). In the current study, neither of them was
present in the photographic samples, although visual observations during the surveys
confirmed their pronounced cover at the shallower parts of the investigated sites. Moreover,
filamentous mucilagineous algal aggregates were seen to periodically flourish in several sites
and to fully cover gorgonian colonies. Although no apparent ecological damage was detected,
their potentially harmful effects on benthic organisms (mainly caused through starvation or
suffocation) may be exacerbated under conditions that enhance their prolonged persistence

(Schiaparelli et al. 2007; Giuliani et al. 2005).

Overall, this study provides important reference data that serve as a basis for future
assessment of coralligenous assemblages in the Aegean Sea, and for comparisons with other
Mediterranean regions. It further highlights the necessity to implement systematic monitoring
that will improve our understanding regarding current trends, reinforce the evaluation of
conservation status in different parts of the Aegean Sea, and help mitigate and manage

potential disturbances or threats.
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KedaAaio 3

rewypadikn katavoun tng Eunicella cavolini (Koch,

1887) otn Meooyelo

NepiAnyn

H epyaoia adopd otn diepelivnon Kal xaptoypddnaon tng yewypadLkng eEAMAwONG TG
Kitpwvng yopyoviag Eunicella cavolini (OktwkopdAAla, AvBolwa) otn Meodyelo,
OUYKEVTpWYOVTACG avadopeC Topouciac/amouciag Kal ETEPOYEVH XwpLKkA Sedopéva
amd EMIOTNUOVIKEG MEAETEG, yKpila BLBAloypadia, Kal QUTOVOHOUG TOPATNPNTEC.
EmutAéov, HEOW €KTEVOUG QVOOKOTINGONG TWV OXETIKWY ETLOTNUOVIKWV CUYYPAUATWY,
QITOTLUNONKE N UTAPYXOUCA YVWON OXETIKA HE TNV olkoloyia kal BloAoyia tou eidouc.
Ta AMOTEAECHATO CUVNYOPOUV OTO OTL TO CUYKEKPLUEVO €ldoc yopyoviag mapouolalel
eupeia e€amiwon (amoé tn O@dAacoa tou AApmopav €wg tn Oalacoa tou Mappapd),
OAAQ n Tapoucia Tou lval Mo cuXVA KATA UAKOG TwV ITaAlkwY Kal FOAALKWY aKTWV,
kaBwg kat otnv A Adplatikr) kat oto Atyaio. MAnBuopol tou eidoug £xouv Kuplwg
kataypadel oe BaBn ano <10-40 m, av Kot cuxva evtornilovtal o Babutepa vepd £wg
kot 220 m. MapoAo mou n Kitpvn yopyovia Bewpeital w¢ €vo amo Ta Mo GNUOVTLKA
€ldn Twv uUmoBaAdoowwv TEPLOXWV OKANPoU UTooTpwuatog Ttn¢ Meooyeiou
(oupmephopBavopevwv Twv KOPaAAlyEVWV oXNUATOPwV), n Slepelvnon NG
Suvapikng twv mAnBuopwv Tou €idoug, TNG olkoAoylag Tou, Kal TNG KOTAOTOONG
Slatnpnong eival eAAUTNG, Kal Kuplwg eplopiletal oe HEAETEG TTOU €xouV AAPeL xwpa
OTLG BA KOl KEVTPLKEG TIEPLOXEC TNC MeoOyELAKEG AEKAVNG.
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Abstract

The distribution of Eunicella cavolini (Octocorallia, Anthozoa) was mapped based on
scientific data and observers’ information, in order to depict its geographical range
across the Mediterranean. Moreover, an overview of scientific literature was realized
to assess the current state of knowledge regarding its populations. Results show that E.
cavolini displays an extensive distribution, from the Alboran to the Sea of Marmara, but
is more common at the Italian, French, E Adriatic and N Aegean coasts. Populations
were mainly recorded at depths of <10-40 m, but also in deeper waters up to 220 m.
Although E. cavolini is regarded as one of the most common structural species of
Mediterranean hard substrates, including coralligenous outcrops, scientific information
regarding its population dynamics, ecology, and conservation status is very limited and
restricted to certain regions of the northwestern and central Mediterranean.

1. Introduction

Coralligenous communities develop over a wide range of benthic habitats and encompass
several assemblages. Mapping of constituent facies and acquisition of basic ecological
information are key objectives to their conservation. Eunicella cavolini is one of the most
common octocoral species in the W Mediterranean (Weinberg 1980), while benthic
assemblages dominated by this gorgonian have been acknowledged as one of the most typical
coralligenous facies (UNEP-MAP-RAC/SPA 2007). This work compiles information regarding the
presence of E. cavolini populations across the Mediterranean, and provides new data from

under-explored areas.
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2. Materials and Methods

Information on presence/absence and depth distribution of E. cavolini was defined based on a
thorough review of scientific documents, grey literature, diving guides, communications with
divers, and in situ scientific research (see Appendix A for list data sources). Point data were
combined in a GIS platform to visualize the geographical information, while scientific literature

was categorized according to geographical region and research topic.
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Fig 1. Distribution of E. cavolini in the Mediterranean.

3. Results

E. cavolini populations are represented by a total of 294 points, located in 13 biogeographic
areas (Fig 1). Its bathymetric range was from 5 to 220 m (mean 29, S.D. 25.6 m). Although
primarily recorded within the coralligenous, it was found over several habitat types (e.g.
boulders, overhangs, caves, maérl, and sea mounts). Most populations were located at W Italy
and France (43%), E Adriatic (34%), and N Aegean seas (14%). In the remaining areas only a few
scattered populations were recorded, being generally absent along most parts of the Spanish
coasts, while there is a notable lack of information in the lonian, W Adriatic, and the southern
or eastern parts of the Mediterranean basin. Furthermore, a total of 84 scientific documents
reported information on E. cavolini, out of which only 67.5% are included in the science citation
index, while 71% concern the NW Mediterranean coasts. The majority of these documents

elaborate on general species inventories/habitat mapping (40 studies), human impacts/mass
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mortality events (14), and taxonomy/genetics of gorgonians (7). Much fewer studies provide
specific information on E. cavolini physiology/biochemistry (9), ecology (8), age/growth (6), or

population characteristics (5).

4. Discussion and conclusions

E. cavolini populations display a patchy, yet relatively clustered distribution along the northern
rocky coasts of the Mediterranean basin. Known to thrive on hard substrates (Weinberg 1980),
the lack of information in the W Adriatic and W lonian coasts could partly be due to the
predominance of aluvial coastal substrates in these regions. Additionally, oligotrophic
conditions, higher water temperatures, and low research effort may justify the reduced
presence in southern and eastern Mediterranean coasts. However, its notable absence along
the well-studied rocky coasts of Spain is peculiar, especially in localities known to support dense
populations of other gorgonians, e.g. E. singularis and Paramuricea clavata. Although
knowledge on octocoral species has increased considerably over the last years, information
regarding the ecology, demographics and conservation status of E. cavolini is essentially lacking,

and should be reinforced to allow future monitoring of this widespread, long-lived gorgonian.
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KedpdaAawo 4

H kitpivn yopyovia Eunicella cavolini: npoypadika
XOPAKTNPLOTIKA Kal Katdotaon dtatpnong otn
Meooyetlo

NepiAnyn

H Eunicella cavolini (Koch, 1887) eival éva amod to MO KOWA €8N yopyoviwv Tng
Meooyeiou. QotOC0, N E€MOTNUOVIKH TTANPOdOPIla OXETIKA HE TNV KATOVOUN Kol Ta
OLKOAOYLKA YOPOKTNPLOTIKA TOU €l80UG OTIC SLadopeTIkEG TeploXEC TG Meooyeiou
eival blaitepa meploplopévn, evw eAdylota eival yvwotd ylo T SuVaulkn Kol thv
kataotaon Slatipnong twv MANBUCUWY OTIC TEPLOXEG €€AMAwWONG. TNV TMopouca
peAétn SitepeuvnOnkav 19 mAnBuopol tng E. cavolini og TPEL AVTIUTPOCWIEUTIKEG
YEWYPAPLKES TIEPLOXEG: 0T BA Meadyelo, Tnv kevipoavatoAikn (KA) Adplatikr, Kot To
B Awalo. Eotialovrag otnv avwtepn Babupetpikn {wvn e€amiwong tou sidoug (<40
m), CUYKEVTPWONKAV eMLTOTLA SESOUEVA OXETIKA LLE TO AVWTEPO BABUUETPIKO OPLO TWV
TANBUoUWY, TNV TIUKVOTNTA, To LYPOG, KAl To PABUO TPAUMATIOMOU TWV AMOKLWVY. Ma
TN SLEPelivNON TWV XWPLKWY TPOTUTIWV TWV OVWTEPW SNUOYPAPLKWY XAPAKTNPLOTIKWY
okoAouBnbnke €va Sopnuévo oxédlo SelypatoAnyiog pe Tpla emineda YwPLKAG
avaluong: a) eninedo yewypadkng meploxne (avodpEpetal oe MEPLOXEG TIOU OTTEXOUV
HETAEL Toug XIALASEG XIMLOUETPa), B) eminedo TomoBeaIwy evtog TG KABe yewypadikng
neploxng (tomoBecieg mou améxouv amnod SeKASEC £WC EKOTOVIASEC XIALOUETPA LETAEY
TOUG), Kal y) eninedo otaBuwv evtog tng kABe tonobeoiag (ctabuol mou anéyxouv ano
LEPLKEG EKATOVTASEG LETPA EWC Alya XIALOUETPQ).

Jtn BA Meoodyelo kat tn KA Adplatikn, To avwtepo BaBUpETPpIKO 0pLlo Twv MAnBucUwyY
Atav <15 m, evw oto B Awaio oL meploocotepol mAnBuopoi PBplokovtav oe vepa
BaButepa twv 30 m. H mukvotnTa twv MAnBuouwv umoloyiotnke petafl 4.46-62
amokieg ava m’, To péco UPoc Twv omoiwv ATav 15.6 cm (+ 8.9 TUTIKY amOKALON) HE
HéyloTo Katayeypappévo UPog 62 cm. Itn BA Meodyelou, ol mAnBucpol mapouciacay
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Vv uPnAdtepn muUKVOTNTA, Kol Yapaktnpiloviav omd aufnuévo oplBpd HIKpwv
anowwwyv (<20 cm oe VYog), XaunAd TOCOOTO UeydAwv amowkiwv (>30 cm), Kot
TePLOSIKO PUBUO eMITUXOUG EYKATAOTAONG VEOPWVY Yopyoviwv. Xtn KA Adplatikn, ot
mAnBuopol Tapouciacav  evOlAUECEG TMEG TUKVOTNTOC, KOAA SounUéVOUG
MANBUCPOUC UE EMAPKI EKMPOOWTNON OAWV TWV KAAcewv UPouc, KatL oTabepo pubuo
€YKATAOTAOONG VEAPWV AMOLKIwY. 2to B Awyaio, oL meplocotepol mAnBuopol sixav
XapnAn mukvotnta, uPnAd MOCOOTO PEYOAWVY OMOLKIWY, AAAQ ULKPO aplBud veopwv
OTOLKLWY, YEYOVOG TIOU UTIOSEIKVUEL TIEPLOPLOUEVN ETUTUXIO €yKOTAOTOONG Kal
emBiwong Twv veapwv otadiwv. Evtomniotnkav evéeifelc Sltadopomoinong tng EKTaoNG
KOL TOU TUTIOU TPOUMOTIOHOU TWV YOPYOVIWV ava Yewypodlky TEPLOXH, OTABUO
SdewypatoAnyiag, kot €rog SelypoatoAnyiag, oL omoieg miBavotata odeilovial oto
S10popeTiko Pabuod ékBeong Twv emipépous MAnBuouwy o avBpwmnoyeveic miéoelg. H
mapouoa HEAETN OMOTEAEL TNV TILO EKTETAUEVN YewypadLkd Snuoypadikn kataypadn
yopyoviwv otn Meodyelo £wg onuepa. Ta mpwtoyevr deSopuéva mou cUMAEXBNKay,
KOBWC KAl TA CUYKPLTIKA amoTeAéopaTa PeTall TEPLOXWYV, ATOTEAOUV TN Bdon ylwa
HEANOVTIKEG PeAETEG Kataypadng Kal mapakoAouBbnong tou €idoug, TOCO Ot TOTKO,
000 Kal oe Meooyelako eminedo.
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Abstract

The yellow octocoral Eunicella cavolini is one of the most common gorgonians thriving
in Mediterranean hard-bottom communities. However, information regarding its
distribution and ecology in several parts of the Mediterranean is lacking, while
population trends and conservation status remain largely unknown. We investigated 19
populations of E. cavolini over three representative geographic regions: the NW
Mediterranean, CE Adriatic, and N Aegean. Focusing on the upper bathymetric range of
the species (<40 m), data were collected on the populations’ upper depth limit, density,
colony height, and extent of injury. A three-level hierarchical sampling design was
applied to assess the existence of spatial patterns, using: a) regions (located thousands
of km apart), b) localities within regions (tens to hundreds of km apart), and c) sites
within localities (hundreds of m to a few km apart). In the NW Mediterranean and CE
Adriatic, the upper distribution limit was at depths <15 m, whereas in the N Aegean
most populations were found deeper than 30 m. Population density ranged between
4.46-62 colonies per m’, while mean colony height was 15.6 + 8.9 SD cm with a
maximum of 62 cm. The NW Mediterranean sites were characterized by dense
populations dominated by small colonies (<20 cm), periodic recruitment, and low
proportion of large gorgonians (>30 cm). The CE Adriatic displayed intermediate
densities, with well-structured populations, and continuous recruitment. In the N
Aegean, most populations presented low densities, high proportion of large colonies,
but low number of small colonies, signifying limited recruitment. Disturbance levels, as
a function of extent and type of injury, are discussed in relation to past or present
human-induced threats. This work represents geographically the most wide ranging
demographic study of a Mediterranean octocoral to date. The quantitative information
obtained provides a basis for future monitoring at a Mediterranean scale.
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1. Introduction

Demographic studies provide valuable information regarding the ecology of long-lived benthic
octocorals (e.g. Bak & Meesters 1998; Harmelin & Garrabou 2005; Linares et al. 2008; Gori et al.
2011). The size structure of a population reflects how key life history parameters, such as
growth, reproduction and mortality, have been shaped through its interaction with the
surrounding environment and the local stressors (Grigg 1977; Gilmour 2004; Tsounis et al.
2006; Alvarado-Chacon & Acosta 2009). Similarly, knowledge on the distribution and population
dynamics of a species over large spatial scales enables a more comprehensive understanding of
its ability to persist under variable environmental conditions (Bak & Meesters 1999). Such
information may further reveal relationships between populations and their environment,
enabling the evaluation of habitat stability and suitability, and the monitoring of ecosystem

change over time (Grigg 1975; Weinbauer & Velimirov 1996a).

Gorgonian octocorals represent one of the most important benthic taxonomic groups in the
Mediterranean (Péres & Picard 1964). Given the colonies’ three dimensional growth, gorgonian
populations greatly modulate benthic habitats and enhance the overall structural complexity,
biomass, and species diversity (True 1970; Ballesteros 2006). Furthermore, they act as
ecosystem engineers (sensu Jones et al. 1994) by modifying current flow, sedimentation rates
and shading levels (Gili & Coma 1998; Cerano et al. 2010; Ponti et al. 2014). As several other
coral species, Mediterranean gorgonians are long-lived, with slow growth, delayed maturity,
low or infrequent recruitment success and reduced post-settlement survival (Coma et al. 1998;
Garrabou & Harmelin 2002; Torrents et al. 2005; Linares et al. 2007). The slow population
dynamics of gorgonians render them susceptible to a wide range of direct or indirect
anthropogenic stressors. Mechanical damage (mainly caused by fishing and unregulated
recreational diving), pollution and mucilagenous algal aggregates represent localized types of
disturbance (Mistri & Ceccherelli 1996; Bavestrello et al. 1997, Coma et al. 2004), whereas
biological invasions (Cebrian et al. 2012) and mass mortality outbreaks, related to climate
induced temperature anomalies, constitute basin-scale threats (Cerrano et al. 2000; Garrabou

et al. 2009).
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The yellow octocoral Eunicella cavolini (Koch, 1887) is one of the most common gorgonian
species of the Mediterranean hard-bottom communities, and forms distinct facies within the
emblematic coralligenous assemblages (Weinberg 1980; Ballesteros 2006). Its distribution
range is wide, although patchy in terms of abundance, and it is known to occur from the W
Mediterranean and Tunisian coasts to the Aegean Sea, and the Sea of Marmara (Topcu &
Oztirk 2013; Sini et al. 2014). Still, information regarding its distribution and ecological
characteristics in different parts of the Mediterranean is lacking, while population trends and
conservation status remain largely unknown. The limited number of studies on the ecology of
this species are restricted in space and time (Velimirov 1973, 1975, 1976; Weinberg 1980;
Russo 1985; Bavestrello & Boero 1986; Weinbauer & Velimirov 1995a, 1995b, 1996a; 1996b),
while more recent information comes primarily from research regarding the effects of mass
mortality events (MMEs) on gorgonian species (Cerrano et al. 2000; Garrabou et al. 2009;
Cigliano & Gambi 2007; Gambi et al. 2010). These studies commonly underline the limitations
posed by the absence of pre-disturbance data as critical baselines for the rigorous evaluation of

gorgonian populations under stress (Linares et al. 2005; Coma et al. 2006).

Given the rapid alteration of the marine environment due to direct and indirect human induced
pressures (Halpern et al. 2008; Lejeusne et al. 2010), assessment of ongoing threats and
effective management decisions must be based on a thorough understanding of the natural
spatial and temporal variability exhibited by species and their populations living in different
geographic areas. In response to these requirements, E. cavolini populations were studied in
three distinct biogeographical regions of the Mediterranean, namely the NW Mediterranean,
the CE Adriatic and the N Aegean seas. Aiming to provide comparable, quantitative reference
data for future monitoring and assessment of future impacts or threats, we focused on the
upper depth distribution range of the species (<40 m), where populations are exposed to
greater variability of environmental conditions (Garrabou et al. 2002; Ballesteros 2006) and
higher level of human induced disturbances (Coli et al. 2010; Micheli et al. 2013). This study is
the first to assess the population structure and disturbance levels of E. cavolini populations
across most parts of its known distribution in the Mediterranean, and geographically represents

the widest ranging demographic study of an octocoral in the basin.
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2. Materials and Methods

2.1 Field survey

A three-level hierarchical sampling design was applied to assess the spatial patterns of E.
cavolini populations, including: a) regions (located thousands of km apart), b) localities within
regions (tens to hundreds of km apart), and c) sites within localities (hundreds of m to a few km
apart). Three regions of the Mediterranean Sea were considered: the NW Mediterranean, CE
Adriatic and N Aegean. Within each region, 2 to 3 localities were chosen, and within each
locality 1 to 3 random sites were investigated. A total of 19 sites with well-developed E. cavolini
populations were studied within 2 localities of the NW Mediterranean (Marseille, Scandola), 3
localities of the CE Adriatic (Kornati, Pag, Rogoznica), and 3 localities of the N Aegean (Pelio,
Chalkidiki, Lesvos, Fig 1, Table 1). /In situ underwater demographic surveys were conducted
within the upper distribution depth range of the species (<40 m). Data for each population
were collected once, during the period 2005-2013. Field surveys in the locality of Scandola
were conducted under the authorization of the Scientific Comittee of Réserve Marine de
Scandola — Parc Regional de Corse. In the case of Kornati National Park a special permission was
issued by the Croatian Ministry of Culture — Department for Nature Protection. For the
remaining sites, no specific permits were required at the time of field work for the sampling
protocols described herein. Locations were not privately owned and the study did not involve
endangered or protected species. Our study was based exclusively on non-destructive methods,

and no plant or animal material was collected.

2.2 Assessment of demographic characteristics and disturbance levels

For the assessment of the main population characteristics we followed the methodology
proposed by Linares et al. (2008). Colonies’ density, height, proportion of injured surface and
type of injury were chosen as the main population descriptors, and measurements were taken

using 50x50 cm haphazardly placed quadrats within the E. cavolini populations.

Density was determined based on the number of colonies present within 50x50 cm quadrats,
averaged and recalculated for 1 m? surface. For each colony found, maximum height was

measured as the distance from the colony base to the tip of the furthest apical branch. At each
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site, the aforementioned parameters were assessed over an area of more than 3 m? and for
more than 45 colonies, thus satisfying previously determined minimum sample size criteria

(Linares et al. 2008).
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Fig 1. Map of the Mediterranean showing the investigated regions of the NW Mediterranean, CE Adriatic and N
Aegean. Inset figures a — d present localities (in bold). Crosses mark the study sites of the yellow gorgonian
Eunicella cavolini.

Three descriptors were used to assess the impact of potential disturbances: extent of injury per
colony, type of injury, and proportion of healthy colonies. The combined investigation of the
type and extent of injury may provide insights regarding past disturbance events, and allow for
an estimation of the approximate time of their occurrence (Coma et al. 2004; Linares et al.
2005). Extent of injury was estimated as the proportion of the colony’s total surface that
appeared devoid of coenenchyma tissue (i.e. denuded axis) and/or that was overgrown by
other organisms. Based on the presence/absence of different epibionts, and the time it takes
for their development, three types of injury were identified; Type A: denuded colony axis,
indicating a new injury up to 1 month; Type B: colony overgrowth by pioneer species, such as

filamentous algae and hydrozoans, representing injuries of approximately 1-12 months old;
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Type C: colony overgrowth mostly by bryozoans, sponges and algae, reflecting an old injury of
approximately =212 months (Linares et al. 2005). Overall, out of the 3188 colonies measured,
injury data were collected for 3045 colonies and where used to calculate mean extent of injury
and percentage of healthy or affected colonies. Colonies with less than 10% of injured surface
were considered as healthy, colonies with injuries 210% of total surface where classified as
affected, whereas 100% of injury corresponded to death (Linares et al. 2008; Garrabou et al.
2009). Type of injury was quantitatively described only for colonies with 210% of injured
surface (i.e. affected colonies); their proportion was calculated against the total number of

colonies for which extent of injury was assessed per population.

Table 1. Characteristics of studied sites. Depth range refers to the recorded depth distribution of the yellow
gorgonian Eunicella cavolini population at each site. Inclination characterized as "cascading" refers to slopes
intercepted by smaller vertical walls.

Region Locality Site Depth range Coordinates Habitat Inclination Protection level
Min—-Max (m)
= Marseille  Jarre 5-20 43°11'47"N 05°21'45"E  Wall Vertical MPA
% Castelvieille  5-35 43°12'01"N 05°29'39"E  Wall Vertical MPA
8 Pharillons 10-45 43°12'27"N  05°20'18"E  Wall Vertical MPA
% Scandola Imbuttu 15-45 42°22'41"N 08°33'05"E  Wall Vertical MPA
§ Palazzinu 15-40 42°22'48"N 08°33'00"E  Wall Vertical MPA
Z Gargallu 15-40 42°22'21"N 08°32'05"E  Wall Sub-vertical MPA
Kornati Mana 5-60 43°48'01"N 15°15'59"E  Wall Vertical MPA; Natura 2000
© Balun 5-60 43°48'14"N 15°15'18"E  Wall Vertical MPA; Natura 2000
-§ Obrucan 5-55 43°50'11"N 15°13'12"E  Wall Vertical MPA; Natura 2000
E Pag Paski most 12-35 44°19'07"N 15°15'38"E  Wall Cascading unprotected
© Rogoznica Smokvica 15-50 43°30'38"N 15°56'32"E  Wall Cascading unprotected
Planka 15-50 43°29'36"N 15°58'09"E  Wall Cascading unprotected
Pelio Lefteris 20-30 39°08'31"N 23°20'39"E  Rocky outcrop Vertical unprotected
Ag.Vasso 30-50 39°05'08"N 23°07'48"E  Wall Sub vertical unprotected
c Chalkidiki ~ Ambelos 30-45 39°57'33"N  23°59'29"E  Wall Sub-vertical unprotected
% Nemessis 30-45 39°56'46"N 23°59'10"E  Wall Sub-vertical unprotected
< Spilia 32-50 39°56'38"N 23°57'31"E  Rocky outcrop Sub-vertical unprotected
Lesvos Kalloni 10-27 39°04'56"N 26°05'25"E  Rocky outcrop Sub-vertical Natura 2000
Palios 30-44 39°19'42"N 26°26'10"E  Wall Sub-vertical unprotected

2.3 Data analysis

To assess the height frequency distribution per site, height measurements of colonies
displaying <100% of injured surface were grouped into five classes: 1-10, 11-20, 21-30, 3140,
and >41 cm, and the descriptive distribution parameters of skewness (g1) and kurtosis (g2)
were estimated. Coefficients of g1 and g2 were considered significant if the ratio to their
standard error was >2 (Sokal & Rohlf 1995). The relation between mean height and density was

explored using a Spearman rank order correlation.
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A non-metric multidimensional scaling (MDS) ordination (Kruskal & Wish 1978) was performed
to visualize patterns of population structure based on the following parameters after
normalization of data: mean height, max height, proportion of the smaller (0—20 cm) and larger
(>30 cm) height classes, density and upper depth distribution limit. One-way, non-parametric
analysis of variance PERMANOVA (Anderson 2001), based on square root transformed data and
Euclidean distances, was used to test for spatial variability in colony height and density. A
three-factor hierarchical design was applied using "region" (3 levels) as a fixed factor, "locality"
(8 levels) as a random factor nested within region, and "site" (19 levels) as a random factor
nested within locality. Pair-wise comparisons were performed to determine specific inter or
intra-regional differences when the main test indicated significant differences. Significance was
confirmed based on 9999 permutations. Analyses were performed using the PRIMER v6

software with PERMANOVA+ add-on package (Clarke & Gorley 2006; Anderson et al. 2008).

3. Results

3.1 Upper depth distribution range

The upper depth distribution limit varied considerably along the longitudinal gradient (Fig 2). In
all localities of the NW Mediterranean and CE Adriatic, the upper distribution limit of E. cavolini
populations was found at 15 m depth or shallower, with some populations appearing at 5 m
depth in the locality of Kornati (CE Adriatic). On the contrary, most populations of the N
Aegean were found in waters deeper than 30 meters, with the exception of two populations

that were located at 10 and 20 m depth.

D =
Bi= ] e o
T 10 o [ ]
~15 1 e e e e e @ e e
ﬁ ®
o201
(m] 25
30 - [ * o ®
35
n%ﬁ L) '{ O Q Orb(i n%fb 0“;5 0":-b 0\6 0@ 3\6 Ob6 ﬂ@% ﬂ{ L) 6 Oﬁ%‘ D@Q\ ﬂq;t 56 [+) 6
VieVe &7 8 S S 8 88 | TP rﬁ)q,m O |° qg)q’
Marseille Scandola Kornati Pag Rogoznica Pelio Chalkidiki Lesvos
NW Mediterranean CE Adriatic N Aegean

Region - Locality - Longitude

Fig 2. Upper depth distribution limits for the investigated Eunicella cavolini populations along a longitudinal
gradient.
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3.2 Demographic characteristics

Mean population density of E. cavolini was 14.9 + 14.6 SD (standard deviation) per m% The
minimum density of 4.5 colonies per m® was observed at Ambellos (N Aegean), while the
maximum density of 62 colonies per m? was recorded at Jarre (NW Mediterranean, Table 2).
Among localities (Fig 3), higher densities were recorded in Scandola (29.5 + 12.9 SD per m?) and
Marseille (24.1 + 27 SD per m?) within the NW Mediterranean, followed by Rogoznica (17.8 +
10.9 SD per m?), Kornati (15.2 + 12.8 SD per m?), and Pag (12.9 + 12.6 SD per m?) within the CE
Adriatic, while the lowest densities were observed in the localities of the N Aegean, namely
Lesvos (10.5 + 13.1 SD per m?), Pelio (9.03 + 7.1 SD per m?), and Chalkidiki (7.5 + 6.6 SD per m?).
PERMANOVA results suggest that a significant variability in density exists among regions and
sites (p<0.05), but not between localities (Table 3). Furthermore, the greatest variation in
density, indicated by the components of variation, was observed among regions. The pair-wise
tests show that a significant difference in population density exists among all regions (p<0.05,

Table 4) and between sites in 4 of the 7 localities analysed (Table A, Appendix C).

Table 2. Population characteristics of Eunicella cavolini per region, locality and site.

Region Locality Site Sampling  Area Density Height
depth (m) (m’) (m?) (cm)
Mean N Mean Min Max SD SE Skewness Kurtosis
c Marseille Jarre 15-20 3.50 62.00 217 1221 10 380 722 049 0.69* 0.20
§ Castelvieille 15-20 6.00 12.83 76 1828 3.0 450 9.21 1.06 0.49 -0.05
§ Pharillons 15-20 4.75 10.32 49 1420 20 350 7.79 111 1.02* 0.73
§ Scandola  Imbuttu 15-20 9.50 29.47 280 1376 15 285 532 032 0.07 -0.47
§ Palazzinu 20-23 9.00 30.78 270 1233 05 370 596 036 0.68* 0.73*
= Gargallu 20-25 8.75 28.34 245 1512 20 330 572 036 0.29 -0.01
Kornati Mana 9-28 16.75 12.24 198 10.15 1.5 43.0 4.64 0.33  1.89* 11.67*
o Balun 13-28 20.25 17.43 345 1092 10 280 5.03 0.27 0.39* 0.08
.§ Obrucan 15-28 2350 15.45 360 1529 2.0 450 827 043 045* -0.27
E Pag Paskimost ~ 20-30 7.50 12.93 89 1947 30 500 1004 1.06 0.85* 0.18
© Rogoznica Smokvica 20-30 7.50 17.06 126 20.66 5.0 50.0 8.43 0.75 0.72* 0.79
Planka 23-30 5.50 18.91 102 1740 40 500 10.12 1.00 1.08* 0.66
Pelio Lefteris 24-30 11.00 10.36 113 1713 40 530 1029 097 1.13* 1.09*
Ag.Vasso 32-35 1225 7.84 95 2366 2.0 620 12.08 1.24 0.37 -0.25
= Chalkidiki  Ambelos 30-40 26.25  4.46 114 2506 5.0 500 9.16 086 0.1 0.03
é" Nemessis 30-38 9.25 11.35 105 13.81 20 340 684 067 044 -0.44
z Spilia 35-40 7.75 13.29 103 2317 3.0 510 1093 1.08 0.1 -0.56
Lesvos Kalloni 13-27 6.25 23.52 127 16.71 1.0 46.0 11.11 0.98 0.49* -0.45
Palios 33-40 18.00  6.00 108 2386 3.0 480 1062 1.02 0.07 -0.88

*Statistically significant results.

Chapter 4 | Demography of Eunicella cavolini across the Mediterranean Sea 76



NW Mediterranean \:l CE Adniatic - N Aegean

45

40

) ] w 1
o w o wn
T T T T

Density 2

=y
[4,]
T

_
o
T
I
r

Marseille  Scandola Kornati Pag Rogoznica Pelion Chalkidiki Lesvos
Locality

Fig 3. Mean density (colonies per mz) of Eunicella cavolini populations, tabulated by locality. Whisker span
indicates standard deviation. Colors denote geographic regions.

Table 3. Summary of PERMANOVA results for Eunicella cavolini population density.

Source of variation

df SS MS Pseudo-F  P(perm.) Unique perm.
Region 2 726.65 363.33 21.237 0.0008* 9968
Locality(Region) 5 57.722 11.544 0.31125 0.8763 9960
Site(Locality(Region)) 11 409.2 37.2 14.303 0.0001* 9944
Residuals 834 2169.1 2.6008
Total 852 3362.7

Tests of significance were run based on Euclidean distances for square root transformed data.

*Statistically significant differences (p<0.05).

Table 4. Summary of PERMANOVA pairwise comparisons for Eunicella cavolini population density among regions.

Pairwise test for regions’ density t P(perm.) Unique perm.
NW Mediterranean, CE Adriatic 2.9077 0.0183* 9970
NW Mediterranean, Aegean 7.0213 0.0019* 9965
CE Adriatic, Aegean 4,263 0.0114* 9965

Tests of significance were run based on Euclidean distances for square root transformed data.

*Statistically significant differences (p<0.05).

Overall, mean colony height was 15.6 + 8.9 SD cm, while the maximum recorded height was 62
cm (Table 2). Among localities (Fig 4), mean colony height was greater at Chalkidiki (20.8 + 10.3
SD cm), Pelio (20.1 £ 11.6 SD cm) and Lesvos (19.9 + 11.4 SD cm) in the N Aegean, while equally
high values were recorded at Pag (19.5 + 10 SD cm) and Rogoznica (19.2 + 9.3 SD cm) in the CE

Adriatic. Lower height values were observed at Marseille (13.8 + 8.1 SD cm) and Scandola (13.7
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+ 5.8 SD cm) in the NW Mediterranean, as well as Kornati (12.5 £ 6.8 SD cm) in the CE Adriatic.
Significant differences in height were only found at the level of sites within localities

(PERMANOVA test, Table 5; Table B, Appendix C).
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Fig 4. Mean height of Eunicella cavolini colonies per locality. Whisker span indicates standard deviation. Colors
denote geographic regions.

Table 5. Summary of PERMANOVA results for Eunicella cavolini colony height.

Colony height Source of variation

Source df SS MS Pseudo-F P(perm.) Unique perm.
Region 2 295.97 147.98 2.4786 0.1657 9955
Locality(Region) 5 176.86 35.371 1.4701 0.2791 9955
Site(Locality(Region)) 11 326.65 29.695 29.73 0.0001* 9932
Residuals 3103 3099.4 0.99884

Total 3121 3898.9

Tests of significance were run based on Euclidean distances for square root transformed data.

*Statistically significant differences (p<0.05).

Height frequency distribution of E. cavolini populations appeared to be either positively skewed
or relatively symmetric depending on site (Fig 5). A significant positive skewness, indicating a
prevalence of the smaller height classes, was found for the populations of Jarre, Pharillons, and
Palazzinu in NW Mediterranean, all populations of the CE Adriatic, and for the shallower sites in

the N Aegean, namely Lefteris and Kalloni (Table 2).
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Fig 5. Height frequency distribution of Eunicella cavolini populations per site, grouped by locality (in bold) and
region (different colors). Italics indicate site name, numbers in parentheses denote sampling depth range, and (N)
corresponds to the number of colonies used.

Of these positively skewed populations, Palazzinu, Mana, and Lefteris displayed additionally a

significant positive kurtosis value, suggesting a dominance of either one or both of the two

smaller height classes (>0-10 and >10-20 cm). The majority of the N Aegean populations

presented a non-significant negative kurtosis value. Although an important proportion of large
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colonies (20—-30 cm) appeared in most sites, the number of colonies with height >30 cm was

generally low, and more pronounced in certain sites of the CE Adriatic and N Aegean.

According to the Spearman rank order correlation values of density and mean height across
sites displayed a significant inverse relation (rs= -0.58, p=0.009). The MDS plot of E. cavolini
populations according to basic demographic characteristics (Fig 6) produced two main clusters
at a stress level of 0.06, indicating good ordination; one cluster encompassing all NW
Mediteranean and CE Adriatic populations, as well as the shallower populations of the N

Aegean, and a second one including the deeper populations of the N Aegean.

2D Stress: 0.06
Nemesis S i
/ /" Spilia
s Jarre L 4 / ¢halios
Ambelos

* \

Ag.Vasso

’ :

Gargalu /== AT
CastelvieilleSmokvica
II'nbmﬂalazzmu A
Pharillons Planka
Paski most
Kalloni Lefteris
L 2 2
Obrucan
Balun
A
Mana -
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NW Mediterranean
. A CE Adriatic
s 3 @ N Aegean

Fig 6. Non-metric multidimensional scaling (MDS) plot of Eunicella cavolini population structure per site. Different
markers indicate different regions. Black dotted lines signify clusters formed at Euclidean distance equal to 4. The
superimposed red lines denote the Euclidean distance coefficients used, after data normalization: mean height,
max height, H% (proportion of height classes <20 cm and >30 cm), density, and upper depth distribution.

3.3 Disturbance levels

Among populations, mean extent of injury of gorgonian tissue varied substantially, ranging
from 0.8% to 38.3% (Table 6). Most populations (14 out of 19) presented a mean extent of
injury less than 10%, while higher values were observed at Planka (13%), Smokvica (16.5%) and

Paski most (25.8%) in the CE Adriatic, and at Ambelos (18.6%) and Kalloni (38.3%) in the N
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Aegean. The proportion of injured colonies (i.e. 210% to <99% of injured surface) ranged
between 0-64%, with highest values at Paski most (37.1%) and Smokvica (39.8%) in the CE
Adriatic, and Ambellos (64.1%) and Kalloni (52.4%) in the N Aegean (Table 6). The percentage of
dead colonies was generally below 3.5% for the majority of sites, with the exception of Paski
most (8.25%) and Kalloni (13.6%). Overall, the greatest proportions of healthy colonies (<10% of
injured surface) were recorded in the localities of Marseille (75.3—100%), Scandola (83—-91%)

and Kornati (78.5-82.6%), (Table 6).

Table 6. Summary data on injury characteristics of Eunicella cavolini colonies per site. Proportion of colonies per
type of injury was estimated using only colonies displaying 210 % of injured surface against the total number of
colonies per site.

Extent of colony  Proportion of uninjured, injured  Proportion of colonies per

injury (%) and dead colonies type of injury
Region Locality Site Year N Mean sD <10% 210 - 99% 100% A B C

< Marseille Jarre 2005 75 6.7 10.5 85.33 14.67 0.00 10.66 2.67 9.33
§ Castelvieille 2005 77 9.6 224 75.32 23.38 1.30 0.00 1.30 23.38

g Pharillons 2005 49 0.8 1.9 100.00 0.00 0.00 0.00 0.00 0.00
E Scandola  Imbuttu 2013 280 3.1 10.3 89.29 10.71 0.00 0.00 0.00 10.71
= Palazzinu 2013 277 7.9 21.7 83.03 14.44 2.53 0.00 0.00 16.97

= Gargallu 2013 248 33 14.2 91.94 6.85 1.21 0.00 0.00 8.06
Kornati Mana 2009 205 7.9 20.7 78.54 18.05 341 1.46 8.78 11.71

o Balun 2009 353 55 18.4 89.52 8.22 2.27 0.28 1.13 9.35
E Obrucan 2009 362 5.7 15.8 82.60 16.57 0.83 0.28 331 13.81
E Pag Paski most 2011 97 25.8 36 54.64 37.11 8.25 1.03 10.31 37.11
“ Rogoznica Smokvica 2009 128 16.5 26.3 58.59 39.84 1.56 0.00 1.56 38.28
Planka 2009 104 133 24.2 66.35 31.73 1.92 0.00 0.00 33.65

Pelio Lefteris 2011 114 85 16 64.91 34.21 0.85 0.00 26.32 6.14

Ag.Vasso 2011 96 6.7 16.3 77.1 21.87 1.04 0.00 17.71 3.13

< Chalkidiki ~ Ambelos 2011 117 186 24.9 33.33 64.1 2.56 46.15 11.97 5.98

g" Nemessis 2011 105 4.1 12.1 85.71 14.29 0.00 0.00 14.29 0.00

z Spilia 2011 103 6.9 15.7 78.6 21.4 0.00 0.00 19.42 1.91
Lesvos Kalloni 2013 147 383 39.1 34.01 52.38 13.61 12.24 57.82 49.66

Palios 2011 108 25 8.3 89.81 10.18 0.00 0.93 9.26 0.93

The majority of affected colonies (210% of injured surface) in the NW Mediterranean and the
CE Adriatic presented type C (old) injuries. In the N Aegean, populations mainly presented
overgrowth by pioneer species (type B injury); exceptions were Ambelos, which displayed high
proportion of recent tissue necrosis (type A injury: 46.15%), and Kalloni which had high levels of
all types of injury. As the time of sampling varied among localities, no statistical comparisons

regarding disturbance parameters were attempted.
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4. Discussion

The extensive geographic distribution of E. cavolini and its relatively wide bathymetric range
(<10 — 220 m (Russo 1985; Bo et al. 2012; Watremez 2012; Sini et al. 2014; Chapter 3) reflect its
ability to adapt and survive over highly variable abiotic conditions. In this study, we carried out
a comprehensive analysis of E. cavolini population structure and dynamics at three distinct
Mediterranean regions, in order to facilitate a better understanding of the patterns observed

across contrasting environmental gradients.

4.1 Upper depth distribution range

One of the most robust findings is the deeper upper bathymetric limit of populations in the N
Aegean, compared to those thriving in the NW Mediterranean and CE Adriatic. In the latter
regions, the upper bathymetric limit of E. cavolini was at 5-15 m. These observations are in line
with the minimum depths reported in other localities of the western Mediterranean basin (e.g.
Weinberg 1980; Russo 1985; Weinbauer & Velimirov 1995b; Bianchi et al. 2010) or the Adriatic
Sea (e.g. Zavodnik et al. 2005), and the fact that the species can withstand a fairly wide range of
light intensity (1-44% of surface light according to Weinberg 1980). Within the N Aegean, most
populations were located at depths below 30 m. According to previous reports, gorgonian
species in the Aegean Sea are generally observed in waters deeper than 40 m (Dounas et al.
2009; Salonidi et al. 2009) and are rarely found at depths shallower than 20 m (Skoufas 2006;

loannou et al. 2009).

We hypothesize that the observed distribution patterns are related to the variability of abiotic
factors that predominate in the distinct regions under study, putatively coupled with biotic
interactions (Gili et al. 1989; Zabala & Ballesteros 1989). In fact, Zabala & Ballesteros (1989)
suggested that in oligotrophic areas suspension feeders are restricted to deeper waters or in
areas were strong currents prevail, while in shallow waters algal species can outcompete long-
lived suspension feeders, such as gorgonian species. Moreover, Mediterranean gorgonian
species are particularly vulnerable to temperature anomalies, which are more likely to occur in
shallow waters. According to the above, the downward shift of the upper bathymetric limit
observed in the N Aegean may be due to the more oligotrophic conditions and higher water

temperatures characterizing this region compared to those of the NW Mediterranean and CE
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Adriatic (Bosc et al. 2004; Ignatiadis 2005). The only exceptions to the bathymetric pattern of
the N Aegean were the sites of Kalloni (10 m depth) and Lefteris (20 m depth), which are
characterized by the presence of strong currents that are known to promote the growth of

suspension feeders such as E. cavolini (Gili & Coma 1998).

4.2 Population structure and dynamics

E. cavolini population density ranged from 4.46 to 62 colonies per m?, although the species may
attain much greater densities (Weinbauer & Velimirov 1996b). Density was highly variable
across regions, and displayed a decreasing trend from west to east. Highest values were
observed in the NW Mediterranean, intermediate in the CE Adriatic, and lowest in the N
Aegean, while in all regions significant differences were also detected at the level of sites within
localities. Variability in density among sites within the same depth range (i.e. <40 m) has also
been observed in other localities of the NW Mediterranean (e.g. for E. cavolini: Russo 1985;
Weinbauer & Velimirov 1996b; Cigliano & Gambi 2007), as well as for other Mediterranean
gorgonians (e.g. for E. singularis: Weinberg 1979; Linares et al. 2008, Paramuricea clavata:
Harmelin & Marinopoulos 1994; Linares et al. 2008, and Corallium rubrum: Tsounis et al. 2006;
Linares et al. 2010a). According to these studies, density is usually related to factors that affect
reproduction and recruitment success. For example, Weinbauer & Velimirov (1996a, 1996b)
justified the wide density differences observed in E. cavolini populations (15-180 colonies per
m?) among nearby sites at the Bay of Calvi — Corsica, on the basis of substrate availability,
turbulence, abundance of large colonies and degree of colony overgrowth by other organisms.
They further related these factors to the successful reproduction, settlement and survival of
new colonies. On the other hand, increased densities have also been observed during periods
of population recovery from MMEs, once detachment of dead colonies created free space for
new recruits (e.g. Cupido et al. 2009; Linares et al. 2010b; Gambi & Barbieri 2012). In the
present study, density was overall inversly related to height, supporting the idea that
recruitment is driven by intra-specific competition mechanisms, where the lack of large

colonies enhances recruitment success.

With regard to colony height, mean value for all examined populations was 15.7 + 8.87 cm, with

a maximum of 62 cm. Similar height values have been reported for both shallow (Russo 1985)
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and deep water populations of E. cavolini (i.e. >70 m, Bo et al. 2012). As in several other
octocoral species, E. cavolini is known to display a high level of phenotypic plasticity (Fig 7A and
7B) by modulating its structural characteristics and growth form (i.e. including fan size, shape,
orientation, and polyp number) in response to water movement (Velimirov 1973, 1976;
Weinbauer & Velimirov 1995a; Gori et al. 2012). It is therefore possible that the direction and
velocity of prevailing water currents are the main factors determining colony height in several
sites of the present study. In this respect, the greater proportion of larger colonies (>30 cm)
found in the deeper sites of the CE Adriatic and N Aegean may be due to the greater
environmental stability of deeper waters (Garrabou et al. 2002; Gori et al. 2011), and the
decrease of hydrodynamic forces that are known to affect colony morphology. At the same
time, the greater proportion of small colonies (<20 cm) observed in sites characterised by
higher densities (mainly in the NW Mediterranean) may be indicative of a more dynamic
environment (in terms of water flow and productivity), which reduces the optimal size of
colonies, but retains highly reproductive, small sized colonies belonging to a wide range of age

classes (Sebens 2002).

Although morphological plasticity may partly explain differences in population structure among
sites, no significant differences were detected in colony height at the level of localities or
regions. The overall patterns of height frequency distribution suggest that E. cavolini
populations were at varying stages of development, driven by different recruitment and
mortality dynamics. NW Mediterranean and CE Adriatic populations were mainly characterised
by the predominance of one or both of the smaller size classes (0-10, >10-20 cm), indicating
either continuous or pulse recruitment episodes. In the majority of the N Aegean populations,
all size classes were almost equally represented, while the number of small colonies (especially
of the 0-10 cm height class) was typically low, suggesting limited recruitment. Still, the
presumably low recruitment dynamics of the N Aegean populations may be compensated by
the presence of a large number of mature colonies during sporadic reproductive events, since
gamete production, and hence reproductive output, increase exponentially with colony size
(Yoshioka 1994, 1998; Linares 2007; Cupido et al. 2012). On the contrary, the low abundance of
large colonies, or even the lack of them, observed in several studied sites across regions, may
be indicative either of newly formed and expanding populations, or of the existence of

additional natural and/or human-induced pressures (e.g. MMEs, mechanical damage especially
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caused by unregulated fisheries and recreational marine activities, or extreme wave action)
which particularly affect the survivorship of larger height classes (Grigg 1975; Weinbauer &
Velimirov 1996b; Cerrano et al. 2005; Linares et al. 2005; Coma et al. 2006; Tsounis et al. 2006;
Cupido et al. 2009).

Fig 7. Colonies of the yellow gorgonian Eunicella cavolini exposed to different orientations and disturbances: a) in a
large overhang; b) on open rock; c) under stress by fishing gear and mucilagenous algae, d) heavily overgrown
during a mass mortality event.

Patterns of height frequency distribution similar to those observed herein have been
documented for several gorgonian populations in other localities of NW Mediterranean and E
Adriatic. A unimodal peak at the second size class —implying periodic recruitment— has been
observed in populations of E. cavolini dwelling both shallow (<30 m, NW Corsica: Weinbauer &
Velimirov 1996a) and deep waters (>70 m, S Tyrrhenian Sea: Bo et al. 2012), in shallow P.
clavata populations off the Spanish and French coasts (<40 m, Harmelin & Garrabou 2005;
Linares et al. 2008), as well as in deep E. singularis populations off the Spanish coasts (>50 m,

Gori et al. 2011). Positively skewed populations, displaying prevalence of new recruits (0-10
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cm) and low proportion of larger gorgonians, have been described for shallow E. singularis
populations along the Spanish coasts (<25 m, Linares et al. 2008; Gori et al. 2011). Yet again,
several authors (Cerrano et al. 2005; Cupido et al. 2008) have reported similar population
structure for P. clavata in the Ligurian Sea following MMEs. On the other hand, populations
characterised by a predominance of the smallest height class along with a high proportion of
large colonies —reflecting well structured populations with continuous recruitment— were not
observed during the present study, regardless the wide distribution range covered. Occasional
reports of the latter pattern at depths <50 m include a single population of E. cavolini in NW
Corsica (Weinbauer & Velimirov 1996a) and P. clavata populations in the E Adriatic (Kipson et

al. 2014).

4.3 Extent of injuries: baseline for future monitoring

Injuries of gorgonian colonies are either caused by mechanical abrasion and predation or
through necrosis of living tissue under stress conditions (e.g. persistence of thermal anomalies)
causing partial and/or total mortality of colonies (Fig 7c and 7d). Injured parts may break,
regenerate or become colonised by overgrowing organisms (Bavestrello & Boero 1986;
Harmelin & Marinopoulos 1994). E. cavolini is particularly vulnerable to such injuries, and has
been affected by several MMEs related to temperature anomalies in the NW Mediterranean,
some of which have led to substantial population reductions (e.g. Cerrano et al. 2000; Garrabou
et al. 2009; Gambi et al. 2010). Although injury estimates were taken over different years in this
study, thus not allowing for direct quantitative comparisons among regions, they do however
provide insights regarding conservation status at the time of assessment, as well as baseline
data for future assessments. Our assessment in Marseille and Scandola was realized two and
ten years respectively, after one of the largest and best documented MME in the NW
Mediterranean, which took place during late summer of 2003 (Garrabou et al. 2009). At the
time of the MME, the estimated proportion of affected E. cavolini colonies ranged between 3—
50.8% (mean: 14.5 + 14.5) in Marseille and 4.9-34.2% (mean 17.1 + 10.6) in Scandola (Garrabou
et al. 2009). It is therefore possible that the number of affected colonies displaying old
overgrowth (type C injury) in Marseille reflects the effects of the past MME given the slow
recovery capacity of gorgonian species (Linares et al. 2005, 2007). This hypothesis is further

supported by the high densities observed in the majority of the NW Mediterranean sites, and
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the low number of large colonies (>30 cm), as observed in other populations during recovery

(e.g. Cupido et al. 2009; Linares et al. 2010b; Gambi & Barbieri 2012).

Within the CE Adriatic, E. cavolini populations found in the relative pristine conditions of
Kornati presented a smaller mean extent of injury, as well as smaller proportion of affected
colonies, compared to the populations of Pag and Rogoznica which are located more closely to
the mainland and are potentially more exposed to human-induced stressors. As overgrowth by
epibionts in all sites of the CE Adriatic was mostly old (injury type C), no recent disturbances
were indicated at the time of assessment. Our observations are in agreement with reported
disturbance values for populations of the red gorgonian P. clavata in the region (Kipson et al.

2014).

Regardless locality, the majority of N Aegean populations displayed a relatively low mean
extent of injury, but overall high proportion of affected colonies. The injury values observed,
combined with the generally low density and recruitment success recorded, render gorgonian
populations of the N Aegean more prone to potential threats. Furthermore, in the sites of
Ambelos and Kalloni, proportion of injured colonies (64.1% and 52.4% respectively) suggest
increased levels of stress, while the high number of dead colonies (13.6%) in Kalloni is indicative
of a strong impact. Although the reasons of the observed disturbance cannot be readily
addressed through the present study, the increased levels of fishing activities (especially
recreational and artisanal), and recurrent periods of high nutrient loads in the wider area
(Spatharis et al. 2007, 2009), constitute some of the potential contributing stressors, especially

given the shallow depth range of this population.

5. Closing remarks

Quantifying the demographic characteristics and disturbance levels of E. cavolini populations
enabled the assessment of their conservation status and the acquisition of comparative
information over a wide range of the species’ known spatial distribution (Sini et al. 2014;
Chapter 3). The patterns observed provide insights as to how biotic, abiotic, and anthropogenic
factors may affect the structure and dynamics of populations at the spatial scales addressed in

this study, and subsequently influence their adaptive capacity to environmental change. Given
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the widespread distribution of E. cavolini, further research will allow a more comprehensive
view of the population trends presented herein, and enhance understanding and mitigation of
potential future impacts. Extending the same kind of approaches to include other areas and
species would provide key information that will help develop effective management plans for
the conservation of valuable hard-bottom communities, including coralligenous assemblages,

across the highly heterogeneous Mediterranean basin (Giakoumi et al. 2013).
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KedaAaio 5

Avantuén Kol avanopaywylka XopaKTnPLOTLKA TNG
vopyoviac Eunicella cavolini oto BA Awyaio

NepiAnyn

H epyacia Slepeuva To puBUO AVATTTUENG KOL TA AVOTTOPOAYWYLKA XOPAKTNPLOTIKA TWV
QToLKLWVY TNG yopyoviag Eunicella cavolini o évav mAnBuoud tou BA Alyaiou, pe otoxo
TNV Katavonon tng olkoAoyiag Kot tou KUkAou {wng tou £ibouc. Na tn HeAETN TNG
OVATITUENG TWV YOpyovlwyv, EYLVE TOCOTIKN Kataypodr PBaclkwyv pHopdoAoyLlkwyv
XOPOKTNPLOTIKWY OE LOPKAPLOUEVEC ATIOLKIEC TTIOU XWPLoTNKAV 0€ KAACELG HEYEBOUC WG
npoGg To UYog. e kABe yopyovia, HeTpnOnke to VYOG, TO TAATOG, N GUVOALKN
empavela (SA), kat n enupavela Tou meplyeypappévou opBoywviou mou mepBAAAEL
v amowkio (RA). H ektiunon tou puBuolu alvénong Ttwv popdOAOYIKWY
XOPOAKTNPLOTIKWY EYIVE HECW OUYKPLONG PwToypadLlkwV SELYUATWY TTou GUAAEXDNKaV
Katd tn Stapkela dUo SelypotoAnmrikwy Teplodwv (OktwPpng 2011 kot OktwRpNg
2012). Ta PBabuovopnuéva odwrtoypadikd Seiypata oavaAlBnkav oaflomolwvrtag
Sladopetika epyaleia tou Aoylopkol photoQuad. MapdAAnAa, XpNOLLOTOLWVTAG TLG
16lec KAAoelg peyéBoug, cUANEXONKe BloAoylkd UAIKO e OTOXO ThV Kataypadn Twv
QVOTTOPOYWYLKWY XOPAKTNPLOTIKWY ToU €id0oug Kal Tov TPocoSlopLopo Tou eAAGXLOTOU
LEYEBOUC TWV OTMOLKLWY TIOU GTAVOUV OE QVATIOPAYWYLKH WPLLOTNTA.

H &lepelivnon twv PHOpdOUETPIKWY XAPAKTNPLOTIKWY €86€1€e Mw¢ To UYPOC Kal To SA
arnoteAoUv Ttoug SU0 To Kat@dAAnAoug Seikteg meplypadng tou HeyEBoug Kol ToU
puBuoU avamtuéng tng E. cavolini. O ekTLHWUEVOC pUBUOC avamtuéng Tou UPoug Twv
QmoLKIWY KUpavenke petagv 0.1 kat 4.4 cm (1.4 cm + 0.95, ué€oog * TUTILKA amokALon),
KOl TTOPOUCLOOE ONUAVTIKY Helwon He tnv KAdon UYoug. MapdAAnia, o amoAutog
pUBHAC avEnonc tou SA KupdvOnke petafy 0.1 kat 69 cm? (14.1 cm? + 16.3), eV WG
TOCOOTO TNG ApPXLKAG HETPnONG, emiong €06elfe pelwon pe tnv KAdon UPoug. OL
ONUAVTIKEG Sladopeg HETAEU TOUu pubBpol avamtuéng Twv HLIKPOTEPWVY 0 UPOG
amolklwy (<20 cm) Kol Twv HEYAAUTEPWY, OUMPWVOUV HE TA EUPHUATA TIOU
neplypadouv 1o €AAXIOTO UPOGC TWV ATOIKIWYV ToU (GTAVOUV OE QvaIopaywyLlkn
wplpavon. OL UKpOTepeg amolkieg (aveoptntwg ¢UAou) mou Edepav yovadeg
Tipogpxovtay amo thv kKAdon UPoug 10-20 cm; ot O,TL adopd Ta emineda YyoviHOTNTAG
oMW, daivetal OtL oL amolwkieg tng E. cavolini dtdvouv o TARPN AVATIAPAYWYLKN
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wpluotnTa adol Eemepdoouv To UPog twv 20 cm. EmutAéov, moapoatnpnOnke
€ekdBapog SLoWPLOPOG Twv PUAWY HeTafU SladopeTikwy amolkiwyv. OL BnAuKEg
QTTOLKIEG glyav KaTd pHEoo Opo 4.6 wokUTTapa avd MoAUTIo6a, N SLAUETPOC TWV OMOLWV
Atav petafd 60 kat 890 um. OL OpPOEVIKEG amolkieg eiyav katd péco Opo 25.5
OTIEPUOTOKUOTEG ava TIOAUTIO8a, Kal N SLAUETPOC TWV OTIEPUOTOKUOTEWV KUMAVONKE
peTagL 74 kot 664 um. H mapouoa peAétn eival n mpwtn mpoondbela kataypadng Twv
OVATIAPOYWYLKWY XOPAKTNPLOTIKWY OUTOU TOU EUPEWG YEWYPOPLKA KOTOVEUNUEVOU
eldoug vyopyoviag. Mapdho mou emumAéov €peuva elval amopaitntn ywa tnv
OVOAUTIKOTEPN HMEAETN TOU QvaTAPOYWYLKOU KUKAOU Tou £iSoug, Ta amoteAéopata
€delkav otL n E. cavolini mopouoldlel mMapouoLla aVOTTOPAYWYLKA XOPAKTNPLOTIKA e
outa Tou €xouv kotaypadel oe AMa Meooyslakd €i6n yopyoviwv OKANnpouL
UTIOOTPWHOTOC. JUYKEKPLUEVA, Qpyr OVATIAPOYWYLK WPLLOVOoN, KoL TIOPOTETAUEVN
nepiodo  ameleuBépwong  yapetwv  A/kol  AapBwv  TOU  KOPUWVETOL  Kall
OAOKANPWVETOL KATA TA TEAN TNC AVOLENG UE APXEG KaAoKaLPLOU.
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Abstract

In this study, we investigate colony growth and reproductive features of Eunicella
cavolini colonies that thrive at an offshore reef in NE Aegean Sea (NE Mediterranean),
in order to better understand the ecology of the species in this under-explored area,
and contribute to the overall understanding regarding its life history traits. Growth
rates of colony height, width, surface area (SA), and rectangular area (RA) were
estimated in relation to colony height, by comparing sets of photographic samples
acquired over two consecutive measurement seasons in the course of one year
(October 2011 and October 2012). The image samples were quantitatively analysed
using distance and surface area measurement tools provided by the photoQuad
software. The reproductive status of colonies belonging to different height classes was
also assessed, in order to define the approximate colony size at the onset of sexual
maturity, and provide some first insights regarding the reproductive characteristics of
E. cavolini. Of all morphometric parameters considered, colony height and SA appeared
to be the most appropriate metrics for defining colony size and growth rate. The
estimated mean positive growth of height ranged between 0.1 and 4.4 cm (1.4 cm %
0.95, mean * standard deviation), and was found to decrease with colony height. At the
same time, SA growth ranged from 0.1 to 69 cm?® (14.1 cm® + 16.3), and when
expressed as a percentage of the initial measurement, it also decreased with colony
height. The significant differences between the growth rate of colonies less than 20 cm
in height and the larger ones coincide with data that regard the onset of sexual
reproduction. The smallest gonad-bearing colony for both sexes belonged to the height
class of 10-20 cm; in terms of fecundity however, colonies appeared to reach full
sexual maturity only after attaining a height of 20 cm. Furthermore, sex separation was
clear among E. cavolini colonies. Female colonies had a mean number of 4.6 oocytes
per polyp, whose diameter ranged from 60 to 890 um. Male colonies had a mean
number of 25.5 sperm sacs per polyp, with sperm sac diameter ranging from 74 to 664
um. To our knowledge, this is the first study that assesses the reproductive
characteristics of this widespread, gorgonian species. While further systematic studies
are needed to investigate the annual reproductive cycle in greater detail, the results
suggest that E. cavolini displays sexual characteristics that are also found in other hard
substrate Mediterranean gorgonian species, such as delayed maturity, and a prolonged
spawning period which culminates during late spring and early summer.
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1. Introduction

Colony shape and size underlie several ecological processes in clonal animals, by affecting the
ability of organisms to feed and reproduce (Grigg 1977; Kim & Lasker 1997; Kapela & Lasker
1999). Both from an ecological, as well as from a conservational standpoint, defining somatic
growth rates and reproductive characteristics is key for understanding basic life history
patterns, such as fecundity, recruitment, and mortality. The latter have great impact on
population dynamics and resilience to disturbances (Gotelli 1991; Garrabou & Harmelin 2002;
Linares et al. 2007), which are critical to quantify when endangered and commercially or

structurally important species are considered.

Mediterranean gorgonians are important structural elements of marine benthic communities,
and play an important role in the maintenance of biological diversity and biomass (True 1970;
Cerrano et al. 2010; Ponti et al. 2014). Over the last few decades, the integrity of
Mediterranean gorgonian forests has been greatly altered by natural and human-induced
disturbances (Cerrano et al. 2000; Garrabou et al. 2009; Teixido et al. 2013). Reflecting these
alterations, at least four of the most abundant —yet highly sensitive— species have been recently
included in the preliminary IUCN Red List of Threatened Anthozoan Species for the
Mediterranean (2015); Corallium rubrum has been assigned the status of “Endangered”,
Paramuricea clavata has been characterised as “Vulnerable”, while Eunicella cavolini and E.
singularis have been classified as “Near Threatened”. This imposes an ever-increasing pressure
to compose conservation management actions at local and regional scales (UNEP-MAP
RAC/SPA 2008), whose success, however, presupposes an in-depth understanding of the

ecology and the species-specific responses to local conditions or stress.

While several studies have elaborated on the ecology and population dynamics of gorgonian
species in the NW Mediterranean, information from other parts of the basin remains
comparatively sparse (Kipson et al. 2014; Sini et al. 2015; Chapter 4). Considering the Aegean
Sea in particular, evaluating the current extent and conservation status of gorgonian
populations is practically hindered by the lack of historical records on past distribution and

demographic characteristics (e.g. Dounas et al. 2009). The ability to predict future population
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trends in light of global change (Linares et al. 2007) is also limited by the absence of data on key

life history parameters, such as growth and reproduction.

According to recent assessments, the yellow gorgonian E. cavolini is one of the widest ranging
octocorals in the Mediterranean, and the most common gorgonian that thrives in coralligenous
assemblages of the Aegean Sea (Sini et al. 2014, 2015; Chapter 3,4). NW Mediterranean studies
have showed that E. cavolini is a long-lived species with an estimated maximum age of 21 years
and a turnover rate (i.e. the time it takes to replace population biomass) that spans from 3.1 to
4.1 years (Weinbauer & Velimirov 1995, 1996). Similar to other gorgonians however,
morphological characteristics, recruitment dynamics and mortality rates of E. cavolini can
potentially vary even within small geographic scales, in response to local environmental
conditions and natural or anthropogenic disturbances (Weinbauer & Velimirov 1996; Sini et al.
2015; Chapter 4). Moreover, the reproductive characteristics of this species have not been

studied to date, regardless geographic scale.

The broader scope of this work was to contribute to a better understanding of E. cavolini
population dynamics, and reduce existing knowledge gaps regarding the ecology of hard
substrate octocorals in the Aegean Sea. In this context, we assessed morphometric parameters
and reproductive features of E. cavolini colonies that thrive in a coralligenous assemblage at the
NE Aegean Sea. Notwithstanding the temporal and geographical scale of the study, this
research seeks to quantify colony growth rates, determine colony size at first reproduction, and
provide some first insights into the reproductive characteristics of this widespread gorgonian,

through a combined study on somatic growth and reproduction.

2. Materials and Methods

2.1 Site description

The study was conducted at Palios Reef (39°19'42"N, 26°26'10"E), NE Lesvos island, Aegean
Sea. Palios Reef is part of an extensive, offshore, rocky drop-off situated along the edge of the
Lesvos island plateau. The predominance of sciaphillic conditions and the continuous flow of
medium-to-strong currents enhance the development of rich coralligenous assemblages along

most parts of the drop-off. The study site is located at a vertical wall with NE orientation that
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spans a depth range of 18 to 30 m. The substrate becomes sub-vertical at the deepest part of
the wall, and a population of E. cavolini colonies is found at 30-44 m depth. According to
Chapter 4 (Sini et al. 2015), mean population density is 6 colonies per m* and maximum colony

height is 48 cm (24 cm + 10.6, mean * standard deviation).

2.2 Colony morphometrics and growth

Assessment of morphometric descriptors and growth was realised using in situ photography of
tagged colonies over a period of one year (October 2011 — October 2012). Colony height
(defined as the distance between the colony base and the tip of the furthest apical branch) was
initially measured in situ using a scale ruler, and colonies were tagged according to four
predefined height classes (1% class: >0-10 cm, 2"%: >10-20 cm, 3" >20-30 cm, 4™ >30 cm). A
total of 15 colonies per height class were marked, using uniquely-enumerated plastic tags that
were secured to the base of each colony with cable ties. Tagged colonies were initially
photographed during October 2011, and recovered colonies were re-photographed after one
year, during October 2012. Photographs of gorgonians were taken using a DSLR camera with a
35 mm lens and external strobe lights. Photographic sampling was facilitated by a 50x50 cm
white board that was annotated with calibration lines spaced at 10 cm intervals. Prior to taking
a photographic sample, the board was placed behind, and parallel to, the gorgonian; this
allowed a clear view of the sampled colony against the background, and permitted the
calibration of images during post-processing. Facing the center of the target gorgonian, the

DSLR camera was always positioned normal (i.e. perpendicular) to the colony fan.

A preliminary review of the dataset showed that, for a small fraction of images (approx. 15%),
the board was not parallel to the gorgonian fan due to difficulties related to fieldwork
conditions. This introduced an error in image calibration. Specifically, image calibration is
achieved by placing reference marks on two points of the image that are of a known distance
apart (A’B’, Fig 1a), and specifying the actual distance spanned by the points in centimeters
(AB). In our case, AB was provided by the board’s 10 cm intervals. If the board is not positioned
parallel to the fan (Fig 1b), image calibration marks will actually be placed on a smaller distance
(A’B’, determined by the cosine of the board’s angle to the fan), yet still be specified as 10 cm

apart. This effectively overestimates image measurements. The length correction factor L,
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defined as the number that an image length measurement must be multiplied with to
compensate for this error, is readily computed given that A’B’ = cos(6) x AB (Fig 1c). Given that
pixels are equal in both dimensions, area correction factor is: Acr = LCFZ. To validate this
mechanism a small ex situ experiment was performed. Initially, the true height of a gorgonian
fan was measured with a ruler. The fan was then photographed according to the in situ set up
(Fig 1a), and the photograph was calibrated, verifying that the image height measurement was
in agreement with the true height. Additional photographs were taken at successive board
inclinations (0° — 40°, with a step of 5°), photographs were recalibrated, and the resulting image
height was recorded. This verified that image height using an inclined board was
overestimated, while the ratio of true height to image height as a function of the angle 6

followed the theoretical curve (Fig 1c). An equivalent validation process was followed for area

measurements.
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Fig 1. Correction factors for length and area measurements. a) Graphical representation of the sampling set up
used to photograph gorgonian colonies. Both the colony (in orange) and the background board are projected on
the image. Points A and B denote board marks placed at known intervals. The corresponding A’ and B’ calibration
points directly associate pixel units to board marks. b) As in panel a), but with a background board inclined by 6°
relative to the fan. Note that the calibration length A’B’ does not correspond to AB. c) Length and area calibration
factors as a function of 6.

Photographs were preprocessed using standard image enhancement tools, and were then
calibrated and analyzed using the photoQuad software (Trygonis & Sini 2012). Overall, four
main colony descriptors were extracted per image sample (Fig 2): colony height (cm), width
(cm), surface area (SA, cmz), and rectangular area (RA, cmz). Height was assessed by measuring
the distance from the lowest visible point of the colony axis to the tip of the furthest branch;

note that the lowest colony point was common for both the initial (2011) and for the follow-up
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(2012) sample, and was determined after a preliminary review of the images. Width was
defined as the maximum span of the gorgonian fan along a line that was perpendicular (90°) to

the colony’s height axis.
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Fig 2. Calibrated image analysis of Eunicella cavolini using the photoQuad software (Trygonis & Sini, 2012). a)
Measurement tools employed to extract morphometric descriptors and growth characteristics. The black outline
encompassing the E. cavolini fan indicates colony surface area (SA, cm2); inner green lines denote (internal) empty
spaces that were excluded from SA measurements. The outer blue box circumscribing the fan indicates rectangular
colony area (RA, cm2). Red lines represent measurements of maximum height (cm) and width (cm). Note the black
calibration lines on the white board (spaced at 10 cm regular intervals) that allowed the software to convert image
pixel measurements into real-world units. b) Pseudocoloured detail illustrating the image segmentation process
that allows the semi-automatic selection of colony regions in order to extract the SA outline.

For each image sample, surface area SA was assessed by carefully outlining all colony branches,
and measuring the area of the resulting patch that fully overlaid the fan; empty regions within
the fan, as well as injured colony parts (i.e. regions devoid of coenchyma tissue or overgrown
by other organisms) were excluded from SA measurements (see Fig 2, green regions). The
selection of SA outlines was facilitated by photoQuad’s image segmentation tool, which
partitions the source image into distinct patches that share common characteristics in colour or
intensity (Teixido et al. 2011; Trygonis & Sini 2012). Segmentation occurs at four different scales
(ranging from coarse to fine detail), offering individual patches that can be interactively
selected and grouped to produce a unified patch (i.e. the gorgonian fan) whose surface area
can be extracted. Manual outline corrections can be applied, and the software automatically
converts pixel units to real-world units using the image calibration data. In case of poor contrast

or colour properties, the source image was preconditioned using decorrelation stretch prior to
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segmentation. Decorrelation stretch is a standard technique used to exaggerate the color
differences in an otherwise uniformly-toned image (Gillespie et al. 1986), producing a
pseudocoloured image with clear colour separation that is easier to segment. Finally, colony
rectangular area (RA) was assessed by manually drawing a rectangle that circumscribed the fan.
By definition, the lower side of the rectangle was attached to the height axis’ lower point, and

rectangle sides were always parallel to the image frame regardless the fan’s curvature.

For each morphometric descriptor, growth was defined as the difference between two
consecutive measurements of the same colony, i.e. the measurement of 2012 minus the
measurement of 2011. A negative sign indicated negative growth, i.e. reduction of the
measured colony feature. When needed, morpohometric descriptors were debiased using the

aforementioned calibration factors.

2.3 Reproductive characteristics

Size at first maturity

The reproductive status of E. cavolini colonies belonging to one of the four predefined height
classes was investigated in order to determine the approximate colony size at first reproductive
maturity. E. cavolini colonies were sampled during May 2011, based on previous reports
regarding the peak in gonadal development and spawning timing of other shallow water
Mediterranean gorgonian species (Coma et al. 1995; Gori et al. 2007; Ribes et al. 2007). A total
of 47 colonies were sampled; 14 of the 1*" height class, and 11 for each of the remaining height
classes. Tagged colonies whose morphometric parameters where being monitored for the
growth experiment (see section 2.2) were explicitly avoided. For each sampled colony, an apical
branch tip of 3 to 5 cm in length was collected, and fixed in 10% formalin solution. A minimum
of ten polyps per branch were dissected under a stereo microscope, in order to determine
colony gender and quantify reproductive characteristics, i.e. percentage of fertile colonies,
proportion of gravid polyps per colony, number of gonads per polyp, and gonad diameter. The
minimum sample size of colonies and polyps per colony was selected according to Ribes et al.
(2007). Gonads were photographed using a microscope digital camera, and measured with

commercial image analysis software. Only gonads with a diameter greater than 300 um were
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considered as mature, based on observations of gonad development of the congeneric species

E. singularis (Gori et al. 2007; Ribes et al. 2007).

Final stages of gonad development

Taking advantage of the May 2011 dataset that was exclusively used to assess size at first
maturity, additional samples were collected during March, April and June 2014 from the same
population, increasing the temporal scale of our experiment. This was done to increase the
probability of encountering (and validating) the peak of reproductive cycle, and gain some first
insights regarding the final stages of gonadal development of the species. In this case, only
colonies greater than 20 cm in height were sampled, given that the preliminary analysis of the
May 2011 dataset suggested that full maturity is attained beyond this height. As sex could not
be determined in situ, 30 to 45 colonies were sampled per month. Following the determination
of gender in the laboratory, a minimum of ten male and ten female colonies were randomly
selected and analyzed per month. The only exception was June 2014, where the absence of
mature gonads did not allow determination of colony gender. To ensure a satisfactory
representation of genders in this month, a slightly increased number of 25 colonies were
examined. Further laboratory handling of the 2014 samples followed the same procedures
applied to samples of May 2011. The final dataset for the assessment of gonadal development
comprised of the aforementioned 2014 samples, pooled with samples of colonies greater than

20 cm obtained in May 2011.

2.4 Data analysis

Morphometric and reproductive parameters were initially tested for normality and
homoscedasticity via the Shapiro-Wilk and Levene’s tests, respectively. Datasets that did not
follow a normal distribution were square root transformed. One-way Analysis of Variance
(ANOVA) was the main test used for statistical comparisons, while the more robust Welsch F
test was additionally performed for datasets that did not satisfy the assumption of
homogeneity of variances. When the aforementioned main tests indicated significant
differences, post-hoc pairwise comparisons were applied, using Tukey’s test or the respective
Games-Howell test for data without homogeneity of variance. The relations between different
morphometric parameters, as well as the relations between their rate of growth and colony

height, were further investigated through Spearman rank order correlation tests. Chi-square
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(xz) tests were applied to examine potential associations between height class and fertility, and

to assess if the frequency of occurrence of colonies with negative growth depended on size.

3. Results

3.1 Morphometric descriptors and growth

A total number of 60 colonies (15 per height class) were initially tagged and photographed
during October 2011; out of these, 45 colonies were successfully recovered and re-
photographed a year later. An additional colony of the 4™ height class was found dead due to
detachment from substrate, and was excluded from analysis. During the pre-processing data
review, 5 more colonies were excluded from the dataset (2 colonies of the 3rd, and 3 of the 4™
height class), due to poor image quality that prohibited the objective extraction of
morphometric descriptors. Based on the aforementioned inventory, the final dataset
comprised of 40 colonies; their partition per height class was 8, 13, 11, and 8 colonies belonging
to the 1%, Z”d, 3rd, and 4™ class, respectively. The descriptive statistics of colony morphometric

parameters are presented in Table 1, tabulated by height class and year.

Table 1. Summary statistics of Eunicella cavolini morphometric descriptors, tabulated by height class and year. SA
denotes surface area; RA stands for rectangular area, corresponding to the rectangle circumscribing the fan (see
Fig 2 for a graphical representation of descriptors). SD: standard deviation, CV: coefficient of variation.

Height Morphometric |2011 2012

class (cm) descriptor N Mean SD Min Max (47 N Mean SD Min Max (47
>0-10 Height (cm) 8 6.5 21 3.8 9.7 323 8 8.5 2.5 5.1 114 294
>10-20 Height (cm) 13 14.3 2.6 10.4 182 182 | 13 15.8 2.6 12.3 20.3 16.7
>20-30 Height (cm) 11 26.3 2.2 22.7 294 84 | 11 26.9 2.9 21.1 31.0 10.7
>30 Height (cm) 8 35.6 31 31.4 412 8.6 8 36.4 3.1 31.9 417 84
>0-10 Width (cm) 8 3.8 2.1 0.3 59 553 8 43 24 0.5 7.9 5538
>10-20 Width (cm) 13 14.8 3.6 9.9 213 243 | 13 16.2 4.4 10.2 242 27.7
>20-30 Width (cm) 11 30 8.7 18.1 454 29.0 | 11 31.7 7.8 194 46.0 24.6
>30 Width (cm) 8 433 5.8 34.2 53.0 134 8 45.5 5.4 36.5 54.0 11.8
>0-10 SA (cm?) 8 3.0 1.5 0.2 49 50.0 8 4.0 2.5 0.3 73 625
>10-20 SA (cm?) 13 27.4 15.2 8.0 52.0 555 | 13 36.7 19.2 11.8 69.3 52.3
>20-30 SA (cmz) 11 1184 51.5 46.5 2248 435 | 11 120.8 49.1 60.0 218.0 40.6
>30 SA (cm?) 8 300.6 84.7 160.8 4379 28.2 8 3185 915 207.2 4795 28.7
>0-10 RA (cm?) 8 24.4 16.0 0.3 50.4 65.6 8 39.2 315 0.9 89.1 804
>10-20 RA (cm?) 13 2228 1004 1295 4328 451 | 13 2694 1174 113.6 4682 436
>20-30 RA (cm?) 11 792.2 301.7 402.7 14257 381 | 11 843.6 267.7 3861 12908 31.7
>30 RA (cm?) 8 1532.3 383.8 1129.9 2358.7 25.0 8 1671.4 366.5 1274.2 2421.0 21.9
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When all height classes were pooled, colony height ranged from 3.8 to 41.7 cm, width ranged
from 0.3 to 54 cm, SA ranged from 0.2 to 479.5 cm?, while RA ranged from 0.3 to 2421 cm?. The
one-way ANOVA tests showed that mean colony height (F3 76 = 366.4, p<0.00), width (F(3,76) =
212.3, p<0.00), SA (F3,76) = 238.7, p<0.00), and RA (F3,76) = 235.5, p<0.00) were statistically
different among height classes, while the post-hoc, pairwise comparisons indicated that

differences existed between all height classes (p<0.00).
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Fig 3. Box and whisker plots of Eunicella cavolini colony morphomentric descriptors, tabulated by height class and
year: a) height; b) width; c) surface area; d) rectangular area. Horizontal lines within boxes represent the median;
boxes encompass 50% of the cases, whiskers indicate non-outlier range, and cross markers denote outliers. Refer
to Table 1 for counts per height class.

All mophometric descriptors increased with height class (Fig 3). Excluding the largest colonies,
values of colony height and width were generally comparable within classes, as also indicated

by the common scale of the y-axes in Fig 3a and 3b. Colony width was lower than colony height
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for the smallest gorgonians (1° height class), and was practically equal to height for the 2"
height class. A notable change in width variability and width-to-height ratio occurred at the
larger height classes, in which colonies were greater in width than in height. In terms of surface
area, differences in median SA increased in a non-linear fashion between consecutive height
classes. Considering that SA is a descriptor that accounts for the development of the inner
branch colony network, the pattern observed in Fig 3c reflects and abrupt increase in colony
size after reaching approximately 20 cm in height. Colony RA (Fig 3d) followed a similar pattern

to SA, but was an order of magnitude greater than the more realistic SA values.

Table 2 illustrates Spearman’s rank order correlations between morphometric descriptors,
using averages of measurements taken over the two observation years (2011, 2012)'. When
tabulated by height class, descriptor correlations revealed morphological changes of the
gorgonian fan, and the evolution of its overall structure. Specifically, the smallest height class
(>0-10 cm) was the only case where width was not correlated with any other morphometric
descriptor. At this colony size, height was the predominant structural axis of the colony, as
indicated by Fig 3a,b and its strong correlation with SA and RA. Note that here, area descriptors
exhibited their highest correlations found in any height class. The 2" height class (>10-20 cm)
was the only case where all morphometric descriptors were correlated with each other, and the
only colony state where height and width were correlated. Taking into account that width to
height ratio increased significantly between the 1* and 2" height class (effectively reaching 1 in
the latter, Table 1), colonies within the 2" height class apparently exhibited a more globular
increase of branches. From the 3™ height class onwards, height was not correlated with SA,
although the latter displayed an abrupt increase in the larger height classes (Fig 3c). This
strongly suggests that SA —which reflects the internal branching structure of the colony—, was
not systematically related to height beyond this class. Even more so, SA was not correlated with
any descriptor in the last height class, indicating that morphological changes in colony structure
were not mirrored to any of the main colony axes (height or width). See also Fig 4, where
width, and especially height, gradually reached a plateau in colonies of large surface area.
Innate to its rectangular shape that is effectively modulated by height and/or width, RA was

always related to the predominant colony axis per height class. Furthermore, the strongest

! Within-year correlations of descriptors revealed similar patters to correlations of between-year averaged
descriptors.
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correlation of RA with SA was noted at the smallest height class, where colonies practically had

only a single main axis (height).

Table 2. Spearman rank order correlations between colony morphometric parameters, averaged over 2011 and
2012 (N =40 colonies).

Height class Parameter Av. height (cm) Av. width (cm) Av. SA (cm?) Av. RA (cm?)
>0-10 Av. height (cm) 1 0.619 0.905* 0.952*
Av. width (cm) 1 0.833 0.762
Av. SA (cm?) 1 0.976*
Av. RA (cm?) 1
>10-20 Av. height (cm) 1 0.709* 0.846* 0.912*
Av. width (cm) 1 0.846* 0.890*
Av. SA (cm?) 1 0.929*
Av. RA (cm?) 1
>20-30 Av. height (cm) 1 0.691 0.509 0.773*
Av. width (cm) 1 0.782* 0.982*
Av. SA (cm?) 1 0.773*
Av. RA (cm?) 1
>30 Av. height (cm) 1 0.048 -0.357 0.262
Av. Width (cm) 1 0.595 0.929*
Av. SA (cm?) 1 0.429
Av. RA (cm?) 1
Pooled Av. height (cm) 1 0.952* 0.965* 0.983*
Av. width (cm) 1 0.973* 0.985*
Av. SA (cm?) 1 0.984*
Av. RA (cm?) 1

* Correlation is significant at the 0.01 level.
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Fig 4. Between-year (2011, 2012) averaged colony height and width versus surface area (SA).
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Out of the 40 colonies considered, 70% displayed positive growth, while 30% had negative
growth in at least one of their morphometric descriptors. The chi-square test showed that
colony counts with negative growth was not height dependant (x2 = 2.93, df = 3, p=0.4).
Identified causes of negative growth included the loss of coenchyma tissue, loss of branches,
and predation or overgrowth by other organisms. Negative growth ranged from -1.2 to -1.6 cm
for height, -0.4 to -2.6 cm for width, -1 to -84.5 cm? for SA, and -7.5 to -134.9 cm? for RA. In
order to estimate optimum colony growth, further analysis of the data was focused on colonies
displaying only positive growth. Nonetheless, Table 3 summarises the descriptive statistics of
positive growth alongside net growth to accommodate future comparisons. With regards to
positive growth, height growth ranged between 0.1-4.4 cm (1.4 cm + 0.95), and was found to
decrease with height class. Growth of width ranged between 0-6.7 cm (1.9 cm + 1.7),
presented an initial increase at the 2" height class, and remained relatively stable across the
remaining height classes. In terms of colony area, both area descriptors were characterised by
an overall increasing trend with height class; range of SA growth was 0.1-69 cm? (14.1 cm? +

16.3), while RA growth was 0.6 to 241.1 cm?” (84.8 cm” £ 66.9).

Table 3. Summary of Eunicella cavolini growth per morphometric descriptor, tabulated by height class. Net growth
includes colonies displaying both negative and positive growth. The column labeled “%” expresses growth as a
percentage of the initial (2011) measurement. SD: standard deviation, SA: surface area, RA: rectangular area.

Height Morphometric Positive growth Net growth

class (cm) parameter N Mean SD Min Max % N Mean sD Min  Max %
0<10 Height (cm) 8 20 14 01 44 401 8 20 14 0.1 44 401
10<20 Height (cm) 12 18 07 06 33 132 | 13 15 11 -1.3 33 115
20<30 Height (cm) 10 09 06 0.1 16 33 [ 11 07 09 16 16 24
>30 Height (cm) 8 08 04 04 15 22| s 08 04 0.4 15 22
0<10 Width (cm) 6 11 12 00 33 413 8 05 17 2.3 33 246
10<20 Width (cm) 11 20 22 01 59 135 | 13 14 24 26 59 97
20<30 Width (cm) 10 19 18 06 6.7 76 | 11 17 18 0.4 67 69
>30 Width (cm) 8 22 14 02 4.0 54 s 22 14 0.2 40 54
0<10 SA (cm?) 7 16 14 01 38 565 8 10 21 3.1 38 416
10<20 SA (cm?) 11 117 11.8 08 363 538 13 935 12.2 47 363 427
20<30 SA (cm?) 7 116 99 16 267 130 11 24 163 276 267 45
>30 SA (cm?) 7 326 211 07 690 132 8 179 458  -845 690 7.9
0<10 RA (cm?) 6 232 167 06 387 1269 | 8 148 210 -12.9 387 86.8
10<20 RA (cm?) 10 673 546 44 1728 324 | 13 466 617  -329 1728 222
20<30 RA (cm?) 8 985 583 103 1945 146 | 11 514 979 -1349 1945 87
>30 RA (cm?) 8 1391 716 261 2411 97| 8 1391 716 261 2411 97

The ANOVA results showed that mean growth of height (F(334) = 4.474, p=0.009), SA ( F3,28) =
7.267, p=0.001) and RA (F328 = 5.412, p=0.005) were statistically different between height

Chapter 5 | Growth and reproduction of Eunicella cavolini in the NE Aegean Sea 103



classes, while no significant differences were observed in growth of width (F331) = 0.470,
p=0.705). The pairwise comparisons indicated that height growth had marginal differences
between height classes 2 and 3 (p=0.47), as well as classes 2 and 4 (p=0.05). Significant
differences in SA growth were due to the much higher growth displayed by height class 4
compared to height classes 1 (p=0.000) and 2 (p=0.038). Finally, significant differences in RA
growth were only found between height classes 1 and 4 (p=0.003). These results should be
interpreted with caution, given the low sample size per height class, especially after the
exclusion of colonies with negative growth. Therefore, additional statistical comparisons were
performed after regrouping the colonies into a) colonies that were less than 20 cm in height,
and b) colonies that were equal to or greater than 20 cm in height. This grouping was based on
the results of size at first maturity (section 3.2), which suggest that colonies attain full sexual
maturity at approximately 20 cm of height. Using this grouping, the ANOVA results indicated
significant differences in growth of height (F(1,36)= 14.180, p=0.001), SA (F(1,30)= 7.947, p=0.008),
and RA (F(1,30) = 11.474, p=0.002), whereas, as before, no differences were detected in width
growth (F(1,32=0.711, p=0.405).
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Fig 5. Growth of Eunicella cavolini morphometric parameters per height, over one year (October 2011, 2012). SA:
surface area, RA: rectangular area. Only data of positive growth are included.

Spearman rank order correlations between colony height and positive growth parameters
indicated that height growth was negatively correlated to colony height (r =-0.567, p=0.001, Fig
5a). Width growth presented no significant correlation (r = 0.192, p=0.277, Fig 5b), whereas SA

(r = 0.604, p=0.000, Fig 5¢c) and RA (r = 0.649, p=0.000, Fig 5d) both were positively correlated
with colony height.

3.2 Reproduction

Sexual maturity in relation to colony height

In order to investigate the size of colonies at the time of first reproduction, 47 branch tips of
the May 2011 samples were dissected (one per colony). The proportion of gonad-bearing
colonies was found to be height-dependant (x* = 37.5, df = 3, p<0.01), and increased from
72.7% in the 2™ height class to 100% in the larger classes. No gonads were observed in the 1%
height class (Fig 6a). The number of colonies of undetermined sex that featured only small,
undeveloped, gonads (less than 200 um in diameter) peaked at the 2" height class (45%) and

dropped to 10% and 0% in the larger height classes.
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Fig 6. Proportion of Eunicella cavolini a) gonad-bearing colonies and b) gravid polyps, tabulated by height class and
sex. Acronyms and bar shades refer to U: undetermined sex (gray), F: female (white), M: male (black).

The number of gravid polyps per colony was also statistically different among height classes
(Fi2,30) = 25.903, p<0.001, excluding colonies of the 1% height class where no gonads were
found). The pairwise comparisons indicated that differences existed between colonies of the

2" height class (>10-20 cm) and colonies of the larger height classes (p<0.001). Proportion of
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gravid polyps ranged from 23% in the 2" height class to 80% and 87% in the 3" and 4" height
classes, respectively (Fig 6b).

The smallest fertile (female or male) colony bearing mature gonads (i.e. more than 300 um in
diameter) belonged to the 2" height class (>10-20 cm, Table 4). However, mean number of
female and male gonads per polyp, as well as mean number of mature gonads (>300 um) per
polyp were greater in colonies with height >20 cm. Oocyte (i.e. female gonad) diameter ranged
from 60 to 830 um, with mean and max values being generally higher in the larger gorgonians
of the 3 and 4™ height classes. On the contrary, mean diameter of sperm sacs (i.e. male
gonads) was relatively stable across height classes. Overall, although reproductive maturity was
attained at a height of 10 to 20 cm, colony fertility displayed a substantial increase only after

colonies had reached a height greater than 20 cm.

Table 4. Summary of Eunicella cavolini reproductive characteristics per sex and height class; SE: standard error of
the mean, SD: standard deviation.

N colonies N polyps Gonads / polyp Mature* gonads/polyp Gonad diameter (um)

(with gonads %) (with gonads %) Mean + SE Mean + SE Mean + SD Min—-Max
Female
>0-10 0
>10-20 2 (100) 20 (45) 0.7+0.2 0.2+0.1 233.2+119.5 91.1-498
>20-30 4 (100) 42 (76) 3.4%0.5 1.2+0.2 308.2 +250.4 59.6-831.2
>30 7 (100) 73 (80.8) 3.2+0.4 2.1+0.3 397 £194.5 69.9-772.7
Male
>0-10 0
>10-20 1(100) 11(81.8) 3.2+0.7 2.1+0.6 340.3+76.1 205-505.5
>20-30 6 (100) 62 (88.7) 13.6+1.7 71 313.3+75.6 106.9-664.1
>30 4 (100) 43(97.7) 13.4+1.9 7411 320+83.4 77-619.6
Undetermined sex
>0-10 14 (0) 140 (0)
>10-20 8(62.5) 82(9.8) 0.9+0.1 0 144.1+70.9 80.8-268.9
>20-30 1(100) 10 (30) 0.7+0.4 0 101.3+23.2 60.8-123.9
>30 0

*gonads >300 um in diameter.

Final stages of gonad development and timing of spawning

During the spring months (March to May), the mean number of gonads per polyp was
statistically different (F(3617)= 369.03, p<0.00) between female and male colonies of the largest
height classes (>20 cm). Mean number of female gonads per polyp was 4.6 + 0.2 SE (SE:
standard error of the mean), while their diameter ranged from 60 to 830 um. Mature female

gonads were characterized by an almost spherical shape, a creamy white-yellow color, and a
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thick consistency (Fig 7a,b). On the other hand, male polyps produced numerous sperm sacs
(25.5 £ 0.9 SE) that ranged between 74 and 664 um in diameter. They were often clustered into
thick clumps, and were characterised by an irregular shape, a milky-white color, and a cloudy

consistency once broken (Fig 7c,d).

Fig 7. Characteristic images of Eunicella cavolini gonads; a) mature oocyte, b) broken mature oocyte, c) sperm sacs,
d) broken sperm sac. Scales denote 100 um at x45 magnification.

Table 5. Reproductive characteristics of Eunicella cavolini colonies per month; SE: standard error of the mean, SD:
standard deviation.

N colonies N polyps Gonads per polyp Mature* gonads / polyp Gonad diameter (um)

(with gonads %) (with gonads %) Mean + SE Mean + SE Mean + SD Min—-Max
Female
March 10 (100) 100 (100) 6.7+0.3 53%0.2 434.7 £138.7 90-673
April 10 (100) 102 (88) 43+0.3 4.5+0.2 547.3+138.9 99-793
May 11 (100) 114 (79) 33+03 2.8+0.2 363.8+221 60-830
June - - - - - -
Male
March 10 (100) 100 (100) 30.7+1.2 13.6+0.8 295.9+87.5 74-650
April 10 (100) 100 (100) 32.8+1.3 17.3+0.9 332.6 +85.8 86-580
May 10 (100) 105 (92) 13.5+1.2 8.2+0.8 316+ 79 77-664
June - - - - - -

Undetermined sex
June 25 (52) 251 (15) 0.3 +0.05 0 139.3+41.3 55-251

*gonads >300 um in diameter.

Although monthly samples were taken from different years, they provide some useful insights
regarding the approximate timing of spawning. From March to May, both male and female
colonies of the largest height classes (>20 cm) presented a high proportion of gravid polyps and
a large number of well-developed gonads (Table 5). The frequency distribution of female gonad
diameter was bimodal, with one cluster including oocytes between 50 and 300 um in diameter,
and another cluster with oocytes between 300 and 800 um (Fig 8a). On the other hand, male
gonad diameter was almost normally distributed across all three months (Fig 8b). By mid June,

all reproductive characteristics presented a substantial reduction; the proportion of gravid
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polyps dropped to 15%, the mean number of gonads per polyp was 0.3 + 0.05 SE, and the

maximum gonad size was barely 250 um (Fig 8c).
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summer period. Note that monthly samples were collected over different years (May 2011, March, April, June
2014).
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4. Discussion

Gorgonians are modular organisms that exhibit great morphological diversity at the species
level (e.g. colony shapes include whips, plumes, fans, bushes and trees), but also present high
phenotypic plasticity at the population or colony level (Velimirov 1973, 1976). In these
sedentary animals, growth is achieved through the iterative replication of individual modules,
referred to as branches. While new branches develop at variable rates, old ones may break or
dysfunction due to partial mortality caused by mechanical damage, predation, pathogen attacks
and physiological stress (e.g. Bavestrello et al. 1997; Veerland & Lasker 1989; Bally & Garrabou
2007; Previati et al. 2010; Pivotto et al. 2015); branch regeneration following a breakage event
is also possible. Furthermore, several micro- or macro characteristics of the colony (including
spicule morphology and fan shape, Velimirov 1976; Gori et al. 2012; Skoufas 2006) are affected
by the prevailing local environmental conditions, which may limit the maximum size that a
colony can attain within a given area (Sebens 2002). Ultimately, colony structure and growth
are determined by interactions between population adaptations to local environmental forces
—especially water flow and food availability— and genetically driven species-specific
characteristics. As in other clonal organisms, therefore, gorgonian life history processes, such as
survival, growth, senescence, and reproduction, are more size- than age-dependant (Hughes &

Jackson 1985; Brazeau & Lasker 1992).

4.1 Growth

Given the modular structure of gorgonians, colony growth is assessed either at the level of
colonies or at the level of individual branches. The former approach is based on measuring
changes in height (e.g. Lasker 1990, Yoshioka & Yoshioka 1991), total branch length (Velimirov
1975; Weinbauer & Velimirov 1996), basal diameter (Mistri & Cechereli, 1993; Garrabou &
Harmelin 2002), width, widthxlength area (Russo 1985; Skoufas 2000), and colony surface area
(Coz et al. 2012), or a combination thereof. Assessing colony growth at the level of individual
branches includes monitoring the changes in branch length and branching frequency (e.g. Coma
et al. 1998; Rossi et al. 2011; Brazeau & Lasker 1992; Weinbauer & Velimirov 1995). In the
present study, we focused on growth rates of E. cavolini at the colony level, using three of the
most easily applied metrics in the field (i.e. height, width and rectangular area — RA), as well as

the more detailed metric of colony surface area (SA).
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Our results showed that a substantial proportion of the colonies sampled (approximately 30%)
presented negative growth that was mainly attributed to the loss of coenchyma tissue (i.e.
presence of naked colony axis), loss of branches, overgrowth by other organisms (e.g. algae,
tunicates, bryozoans), and predation by the fireworm Hermodice carunculata. Encountering
negative growth rates is common in the study of gorgonian species (e.g. Coma et al. 1998; Coz
et al. 2012; Yoshioka and Yoshioka, 1991; Lasker et al. 2003), and while not always easy to spot,
it can variably affect growth estimates. Specifically, branch loss from injured colonies may
reduce the overall growth reported, or result to overestimates, if growth descriptors are
assessed on the, faster-growing, post-breakage regenerating branches (Yoshioka & Yoshioka
1991; Lasker et al. 2003). It is thus customary in the literature to separately present positive-
only, versus net growth rates; in this context, the results summarised in Table 3 were tabulated
accordingly. Overall, the number of colonies exhibiting negative growth did not statistically
differ among size classes. Note, however, that considerably less colonies of the 1° height class
were retrieved on the follow-up year (53%, 2012), compared to approximately 85% of retrieved
colonies belonging to the larger height classes. Assuming all sampling conditions equal, this
discrepancy suggests a high rate of juvenile mortality which may possibly underlie the low
recruitment rate that has been observed for this population (Chapter 4, Sini et al. 2015). While
further investigations are needed to validate this hypothesis, higher mortality of smaller
colonies has been repeatedly reported for gorgonian species (Sebens 1983; Yioshioka 1994).
Regardless height class, negative growth was primarily attributed to the reduction of area
descriptors. Specifically, 20% of the total colonies had a reduction in SA (-21.2% mean area loss)
and RA (-15.5%); the corresponding percentage for height was only 5% of colonies (-8% mean
loss), and 15% (-12%) for width. These statistics indicate a loss of colony tissue which affects net
growth, and help provide a complementary view on the health condition of sampled colonies to

facilitate long-term monitoring (e.g. Brazeau & Lasker 1992; Coma et al. 1998; Coz et al. 2012).

Although based on different morphometric parameters for the estimation of growth, our
estimates of mean positive height growth (1.4 cm + 0.9) and mean net height growth (1.2 cm #
1.1) of E. cavolini colonies in the NE Aegean Sea are comparable to those reported by Velimirov
(1973) for the same species in Sicily (1.14 cm + 0.4), but higher from the estimate of Weinbauer

& Velimirov (1995) for the bay of Calvi, Corsica (0.85 cm + 0.46). Intraspecific variation in
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growth rates is relatively common among gorgonian species (e.g. Weinberg & Weinberg 1979;
Yoshioka & Yoshioka 1991; Mistri & Ceherelli 1994; Coma et al. 1998), due to intrinsic or
extrinsic factors which include water movement direction and velocity, different levels of
predation or competitive overgrowth, food availability, and physical condition of the colony
(Weinbauer & Velimirov 1995; Coma et al. 2000; Coma & Ribes 2003; Rossi et al. 2011).
Regardless this variability, the growth rate of E. cavolini based on height measurements falls
within the range of growth values reported for other Mediterranean species (Table 6), as well
as for other temperate and tropical gorgonians, which overall display a mean growth of 3 cm yr’

! (Coma et al. 1998).

Table 6. Growth rates of Mediterranean gorgonian species; SD: standard deviation.

Growth (cm yr?)

Species Mean+SD  Min—-Max Measured Depth Region Reference
feature (m)
Eunicella singularis 2.24 0-3.3 Branch length 20 Bany'uls—sur»Mer, NW Weinberg & Weinberg (1979)
and age Mediterranean
Eunicella cavolini 1.14+0.44 Branch length  10-17 Weinbauer & Velimirov (1995)
. . Corsica, . L
+
Eunicella cavolini 0.85 +0.46 Branch length NW Mediterranean Weinbauer & Velimirov (1995)
. .. . NE Aegean,
+ _ —
Eunicella cavolini 1.4+0.95 0.1-4.4 Height 30-40 NE Mediterranean Present study
Eunicella verrucosa 0.6-3.3 Height 20-40 RloubArchlpeIago, NW Sartoretto & Francour (2012)
Mediterranean
. . Ligurian Sea, _— .
+ _ _
Leptogorgia sarmentosa 2.6+0.5 1.5-3 Height 16-27 NW Mediterranean Mistri & Cecherelli (1993)
. . Banyuls-sur-Mer, NW . .
Leptogorgia sarmentosa 2.4 Height Mediterranean Weinberg & Weinberg (1979)
Paramuricea clavata 1.8 0.2-6.4 Height 15-27 Med?s islands, NW Coma et al. (1998)
Mediterranean
Messi trait
Paramuricea clavata 27416  0.7-6.3 Height 28-3g /essinastrait, Mistri & Cecherelli (1994)

central Mediterranean

Another characteristic frequently reported for gorgonian species is the reduction of colony
growth with colony size (e.g. Grigg 1974; Velimirov 1975; Lasker 2003), or a decrease in
branching rate (Weinbauer & Velimirov 1995). Our results showed that height growth was
negatively correlated with mean colony height and was statistically different between colonies
of the smaller (<20 cm) and larger (>20 cm) height classes (1.30 cm * 0.4 versus 0.9 cm + 0.3,
respectively). Interestingly, these results on height growth coincide with our findings regarding
the onset of reproductive maturity, according to which only colonies larger than 20 cm in height
had reached full sexual maturity. Coma et al. (1995, 1998) reported similar findings regarding P.
clavata colonies thriving in the NW Mediterranean, where the decrease in branch growth rate
was linked to the onset of sexual maturity. These observations are in agreement with the

research hypothesis that proposes a shift in resource allocation from growth to reproduction,
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once a colony has escaped a critical size of high mortality risk (Hughes & Jackson 1985; Kapela

& Lasker 1999; Beiring & Lasker 2000).

Although colony height has been widely used as the primary descriptor for assessing gorgonian
growth and age (Mistri & Ceccherelli 1994, Weinberg & Weinberg 1979), its suitability has been
guestioned; height measurements fail to account for changes in stem or branch diameter, while
they ignore changes in branching rates that may be highly variable in species of increased
morphological plasticity (Weinbauer & Velimirov 1995, 1996). As an alternative, Velimirov
(1975) and Weinbauer & Velimirov (1996) proposed the use of total branch length and
rectangular area, while more recently, Coz et al. (2012) assessed total colony surface area using
computer-aided image processing. Similar to Coz et al. (2012), we used recent advances in
digital image analysis tools (Trygonis & Sini 2012) to measure a series of colony descriptors
complementary to height. These included width and rectangular area (RA), as well as the
additional descriptor of total colony surface area (SA) that accounts for changes in the

morphological structure of the gorgonian fan.

Colony width exhibited strong positive correlations with all morphometric descriptors only in
the 2" height class (>10-20 cm), in which the colony fan roughly displayed a rather circular
shape. However, it was not correlated with height or SA in the smallest and largest height
classes, due to its low effect on fan shape in the former, and its large variability in the latter.
Moreover, growth of width displayed no significant differentiation with increasing height class.
The lack of any systematic pattern in width growth (Fig 5b) is possibly due to the absence of a
rigid structure or connective tissue (apart from the central colony axis) that would hold
separate branches together at their outermost extent, and enable the accurate definition of
maximal width along the horizontal colony axis. The “loose” branches that stem from the
central colony axis may shift or sway in position. This renders consecutive measurements of
maximum width difficult and subjective to acquire, even when using photographic records.
Regarding RA, its growth was positively correlated with colony height (Fig 5d), and was
statistically different among height classes. By definition however, RA is extracted from a box
that circumscribes the fan, and lacks the detail needed to obtain meaningful growth area

estimates; at least, in gorgonian species of similar fan shape to E. cavolini.
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On the other hand, the analysis showed that SA represents a more elaborate descriptor of
colony size and growth, as it quantifies the total fan area, thus providing an informative
background upon which to assess height and width growth measurements. Specifically, SA
contribution was particularly pronounced in colonies larger than 20 cm in height. In these
height classes, the extensive growth of the internal branch network of the fan outcompeted
growth along the height or width axis. For large colonies where height and width gradually level
off, SA appears to be a key descriptor for better assessing E. cavolini growth. Furthermore, SA
growth was positively correlated with height, and was statistically different between colonies
smaller than 20 cm in height and larger ones. The former had a mean SA growth of 8 + 10 cm?
per year, while the latter 21.8 + 19.5 cm” However, when SA growth was expressed as a
percentage of the initial SA (2011), smaller colonies exhibited 42.5% increase, whereas larger
ones grew only by 5.6%. These findings validate the growth patterns described by height and
further support the resource allocation hypothesis. The relations between SA and height, as
well as the values of SA reported herein are comparable to the findings of Coz et al. (2012)
regarding E. verrucosa surface area. Although it does not provide a measure of the real 3-
dimensional area of the colony, SA can be a valuable metric for monitoring purposes (Coz et al.
2012). However, the extraction of calibrated surface area requires specialised software and
laborious post-survey analysis of digital images, especially in gorgonian species with complex

fan shape.

Overall, the photographic method used is a promising tool for the study of colony
morphometrics, including the measurement of total colony surface area. Although additional
surveys are required to validate its accuracy and precision, it managed to detect changes in all
four morphometric parameters over the course of one year, and to provide comparable growth
estimates. Furthermore, additional investigation is needed with regards to its applicability on
colonies of increased structural complexity. Considering the large morphological variability
displayed by E. cavolini (Velimirov 1973, 1976), colonies of Palios Reef presented a rather
simple form, characterised by a single fan per root that develops in one plane, and by a very
low degree of branch overlap. To this end, the proposed method can be applied as is, provided
that special care is taken to reduce potential biases, such as wrong positioning of the
calibration board and camera, or obtaining images from colonies with fully expanded polyps

(resulting to biased estimation of surface area). Also, the use of a black board, instead of a
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white one, would accommodate a faster processing of images. However, if this method is to be
used for estimates of more complex colony forms (e.g. bush or tree-like colonies), additional
correction factors may be needed, such as the one proposed by Coz et al. (2012) regarding
branch overlap. These considerations aside, the proposed method represents a useful non-

destructive tool which may be implemented for the long-term monitoring of gorgonian species.

4.2 Onset of reproductive maturity

As pointed out in section 4.1, several gorgonian species display size-dependant reproduction
(Coma et al. 1995; Rossi & Gilli 2009; Torrents et al. 2005). Within a species, size is a good
indicator of reproductive maturity, possibly due to a greater energy investment of smaller
colonies into growth, rather than reproduction. This way, young colonies may minimize the
increased risk of mortality associated with small colony size (Hughes & Jackson 1985; Harvell &
Grosberg 1988; Beiring & Lasker 2000). In the present study, the smallest male or female E.
cavolini colony bearing mature gonads was of the >10-20 cm height class. However, the
majority of the fully mature colonies, which had a high proportion of gravid polyps and a large
number of mature gonads, were greater than 20 cm in height. According to the mean and max
estimates of positive colony growth for the two smaller height classes (see Table 3 in section
3.1), a newly settled colony would need approximately 2.3-5 years to reach the >10-20 cm
height class, and an additional 3-5.5 years to reach the height class of >20-30 cm. This sums up
to a total of 5-10 years for a colony to reach full maturity from the time of settlement. These
results are in line with estimates on both size (Brazeau & Lasker 1990; Coma et al. 1995; Rossi &
Gili 2009) and years to first maturity (Torrents et al. 2005 and references therein) regarding
other arborescent coral species. Within the Mediterranean, Coma et al. (1995) showed that the
smallest P. clavata male or female colonies with mature gonads were 8 and 11 cm, respectively,
but similar to our findings, full sexual maturity was on average delayed until colonies had

reached a size of 20 cm.

4.3 Reproductive strategy
E. cavolini presented a clear separation of genders, at both the colony and polyp level, and thus
appears to be a dioecious, gonochoric species which has adopted sexual reproduction as the

main mode for population growth and maintenance. Gonochorism is considered as the most
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typical form of reproduction for shallow water Mediterranean octocorals (e.g. Tsounis et al.
2006; Rossi & Gili 2009; Cupido et al. 2012), and although instances of polyps bearing both male
and female gonads have been sporadically observed in otherwise unisexual species,
hermaphrodism is generally uncommon (e.g. Coma et al. 1995; Gori et al. 2007; Ribes et al.
2007). Mean number of oocytes per polyp in E. cavolini female colonies was 4.6, and their
maximum diameter was 830 um. In male colonies, mean number of sperm sacs per polyp was
25.5, with a maximum diameter of 664 um. In terms of gonad diameter, values presented
herein are comparable to those reported for E. singularis (Gori et al. 2007; Ribes et al. 2007), as
well as for Paramuricea clavata (Gori et al. 2007; Coma et al. 1995) in the NW Mediterranean.
Furthermore, similar to E. singularis, the number of gonads in E. cavolini female colonies is
lower to that reported for P. clavata. Differences in the mean number and size of oocytes
among octocoral species are linked to several factors, including reproductive strategy, and
hence, whether a species is a broadcast spawner or a brooder (internal or external, Kruger et al.
1998; Gori et al. 2007). With regards to brooding, which is the prevailing strategy in shallow
water Mediterranean octocorals, internal brooders, such as E. singularis, produce a relatively
small number of large oocytes, which remain within the female polyps until finally spawned in
the water column as panula larvae (Weinberg & Weinberg 1979; Ribes et al. 2007). On the
other hand, external brooders, such as P. clavata, usually produce a large number of small-sized
oocytes which are brooded within a mucus coating at the surface of the colony (Coma et al.
1995; Gori et al. 2007). Up until now, no external brooding has been reported for E. cavolini
populations in other parts of the Mediterranean, despite the fact that the species is very
abundant in the western basin, and this reproductive strategy should be relatively easy to
detect by naked eye. On the other hand, no panulae larvae were detected brooding inside E.
cavolini polyps during the present study. However, in situ observations of small single-branch
colonies (less than 3 cm in height) approximately four months after spawning within the same
population, as well as the overall similarity of E. cavolini reproductive features to those of its

congeneric species E. singularis, provide some evidence in support of internal brooding.

4.4 Final stages of gonad development and timing of spawning
The assessment on the final stages of gonad development suggests that the reproductive cycle

of E. cavolini follows a similar pattern to that of other Mediterranean gorgonians (e.g. Coma et
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al. 1995 and Gori et al. 2007 for P. clavata; Tsounis et al. 2006 for C. rubrum; Gori et al. 2007
and Ribes et al. 2007 for E. singularis; Rossi & Gili 2009 for Leptogorgia sarmentosa). In these
species, gametogenesis is characterized by an annual maturation cycle with asynchronous
development of female and male gonads, which are being released during a restricted
spawning period (usually less than a month). Moreover, oocyte development is long, typically
more than 12 months. This is usually evidenced by the continuous presence of oocytes in
female polyps throughout the year, which form two cohorts during the peak months of
development; one cohort containing mature oocytes which are ready to be released in the
proximate spawning season, and one which includes small immature oocytes that are retained
within the polyps to be released in the next year. On the other hand, the annual onset of
spermatogenesis is delayed, but development is fast (approximately 4—8 months), enabling the
synchronous release of all spermaries and mature oocytes over a single spawning event. In the
present study, female and male colonies presented a large number of gonads from March to
May, while oocyte frequency distribution presented two distinct cohorts; one with oocytes less
than 300 um in diameter and one with oocytes ranging from 300 to 830 um in diameter. By mid
of June, all gonads greater than 300 um had been released, and only small immature gonads of
undetermined sex were left inside the polyps. If E. cavolini follows a similar gonadal cycle to
that described for other shallow-water Meditteranean species, we hypothesize that the gonads

found in June are actually immature oocytes awaiting release during the following year.

Furthermore, the low number of small, undeveloped gonads observed during June is also
indicative of the approximate time of completion of the spawning period. Given that the last
colonies sampled were collected on the 13" of June, it is assumed that spawning concluded
sometime before the first half of June. Although small monthly fluctuations are possible
between years (Tsounis et al. 2006; Gori et al. 2007), spawning of E. cavolini appears to coincide
with spawning of E. singularis and P. clavata during early summer in the W Mediterranean
basin (Weinberg & Weinberg 1979; Coma et al. 1995). Of all environmental factors that can
potentially affect gamete release in corals (e.g. tidal rhythm, lunar cycle, time of the day),
seawater temperature is probably the most important cue for the initiation of spawning in
gorgonian species. Several studies have showed that spatially separated populations along
different geographic regions (e.g. Gutiérrez-Rodriguez & Lasker 2004; Gori et al. 2007; de
Putron & Ryland 2009) and/or depth gradients (Tsounis 2006; Grigg 1977; Weinberg &
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Weinberg 1979; Benayahu & Loya 1983) display differences in the timing of spawning. In all
cases, populations located in warmer waters initiated spawning earlier than those inhabiting
colder waters, suggesting the existence of some temperature threshold triggering gamete
release. According to our estimates, spawning time of the studied E. cavolini population
appears to coincide with an increase in seawater temperature during May and June (Fig 9), a

pattern very similar to that observed by Gori et al. (2007).
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Fig 9. Seawater temperature monthly means for Palios Reef (January to September 2014) at the depth range of the
studied Eunicella cavolini population.

Available information on Mediterranean and other temperate water gorgonians indicates that
there is a relative consistency in the timing of gonad development and release (e.g. Grigg 1977
for Muricea californica, Muricea fruiticosa; Matsumoto 2004 for Melithaea flabellifera). This is
in contrast to tropical gorgonians, which are mainly broadcast spawners and display a great
variability in the duration of gonad development cycles and/or the frequency of spawning
events (e.g. Kapela & Lasker 1999; Gutiérrez-Rodriguez & Lasker 2004; De Putron & Ryland
2009). The annual periodicity displayed by temperate species may be linked to the highly
seasonal food availability of temperate seas, in contrast to tropical species that thrive in more
stable environments and gain additional energy supplies through their symbiosis with

photosynthetic zooxanthellae (Coma & Ribes 2003; Gori et al. 2007).

Although additional assessments are required to validate the present findings, our work

provides important insights regarding the growth and reproductive characteristics of E. cavolini.
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The information obtained is a first step towards understanding the population dynamics of E.
cavolini, and the ability of this species to persist at different parts of the Mediterranean in the

context of environmental change.

Acknowledgements

We are grateful to Panagiotis Papadellis and Hector Giourgis for their valuable contribution during
fieldwork. We would also like to thank Mariyanna Kotta for providing advice on gonad dissection.
Benthic temperature data loggers were offered in kind by the temperature data logger network —
TMEDNet (www.t-mednet.org). This work has been co-financed by the European Union (European
Social Fund — ESF) and Greek national funds (Ministry of Education and Religious Affairs managing
authority) through the Operational Program "Education and Lifelong Learning" of the National Strategic
Reference Framework (NSRF) - Research Funding Program: Heracleitus Il. Investing in knowledge society

through the European Social Fund.

Chapter 5 | Growth and reproduction of Eunicella cavolini in the NE Aegean Sea 118



References

A

Agardy T, Alder J, Dayton P, Curran S, Kitchingman A, Wilson M, et al. (2005). Coastal systems. In: Reid
W, editor. Millennium ecosystem assessment: ecosystems & human well-being. Island Press,
Washington, pp. 513-549

Airoldi L (2003). The effects of sedimentation on rocky coastal assemblages. Oceanogr Mar Biol Annu
Rev 41:161-203

Airoldi L, Beck M (2007). Loss, status and trends for coastal marine habitats in Europe. Oceanogr Mar
Biol Annu Rev 45: 345-405

Alvarado-Chacon EM, Acosta A (2009). Population size-structure of the reef-coral Montastraea annularis
in two contrasting reefs of a marine protected area in the southern Caribbean Sea. Bull Mar Sci
85:61-76

Anderson MJ (2001). A new method for non-parametric multivariate analysis of variance. Austral Ecol
26: 3246

Anderson MJ, Gorley RN, Clarke KR (2008). PERMANOVA+ for PRIMER: Guide to Software and Statistical
Methods. PRIMER-E Ltd, Plymouth, UK

Angiolillo M, Bo M, Bavestrello G, Giusti M, Salvati E, Canese S (2012). Record of Ellisella
paraplexauroides (Anthozoa: Alcyonacea: Ellisellidae) in Italian waters (Mediterranean Sea). Mar
Biodivers Rec 5(4): 1-8

Angiolillo M, di Lorenzo B, Farcomeni A, Bo M, Bavestrello G, Santagelo G, et al. (2015). Distribution and
assessment of marine debris in the deep Tyrrhenian Sea (NW Mediterranean Sea, Italy). Mar
Pollut Bull 92: 147-159

Antoniadou C, Chintiroglou C (2005). Biodiversity of zoobenthic hard-substrate sublitoral communities in
the Eastern Mediterranean (North Aegean Sea). Est Coast Shelf Sci 62: 634-653

Antoniadou C, Koutsoubas D, Chintiroglou CC (2005). Mollusca fauna from infralittoral hard substrate
assemblages in the North Aegean Sea. Belg J Zool 135(2): 119-126

Antoniadou C, Voultsiadou E, Chintiroglou C (2006). Sublittoral megabenthos along cliffs of different
profile (Aegean Sea, Eastern Mediterranean). Belg J Zool 136: 69-79

Antoniadou C, Chintiroglou C (2007). Zoobenthos associated with the invasive red alga Womersleyella
setacea (Rhodomelacea) in the northern Aegean Sea. J Mar Biol Ass UK 87: 629-641

Bak RPM, Meesters EH (1999). Population structure as a response of coral communities to global
change. Am Zool 39: 56-65

Bak RPM, Meesters EH (1998). Coral population structure: the hidden information of colony size-
frequency distributions. Mar Ecol Prog Ser 162: 301-306

Balata D, Piazzi L, Cecchi E, Cinelli F (2005). Variability of Mediterranean coralligenous assemblages
subject to local variation in sediment deposition. Mar Environ Res 60: 403-421

Balata D, Acunto S, Cinelli F (2006). Spatio-temporal variability and vertical distribution of a low rocky
subtidal assemblage in the north-west Mediterranean. Est Coast Shelf Sci 67(4): 553-561

References 119



Ballesteros E (2006). Mediterranean coralligenous assemblages: a synthesis of present knowledge.
Oceanogr Mar Biol Ann Rev 44: 123-195

Bally M, Garrabou J (2007). Thermodependent bacterial pathogens and mass mortalities in temperate
benthic communities: a new case of emerging disease linked to climate change. Global Change
Biol 13: 2078-2088

Barbier EB, Hacker SD, Kennedy C, Koch EW, Stier AC, Silliman BR (2011). The value of estuarine and
coastal ecosystem services. Ecol Monograph 81(2): 169-193

Bavestrello G, Boero F (1986). Necrosi e rigenerazione in Eunicella cavolinii in Mar Ligure. Boll Mus Ist
Biol Univ Genova 52: 295-300

Bavestrello G, Cerrano C, Zanzi D, Cattaneo-Vietti R (1997). Damage by fishing activities in the gorgonian
coral Paramuricea clavata in the Ligurian Sea. Aquat Conserv 7: 253-262

Bedini R, Bonechi L, Piazzi L (2014). Spatial and temporal variability of mobile macro-invertebrate
assemblages associated to coralligenous habitat. Medit Mar Sci 15: 302-312

Beiring EA, Lasker HR (2000). Egg production by colonies of a gorgonian coral. Mar Ecol Prog Ser 196:
169-177

Benayahu Y, Loya Y (1983). Surface brooding in the Red Sea soft coral Parerythropodium fulvum fulvum
(Forskal 1775). Biol Bull 165: 353—-369

Bensoussan N, Romano JC, Harmelin JG, Garrabou J (2010). High resolution characterization of
northwest Mediterranean coastal waters thermal regimes: to better understand responses of
benthic communities to climate change. Est Coast Shelf Sci 87:431-441

Bertolino M, Cerrano C, Bavestrello G, Carella M, Pansini M, Calcinai B (2013). Diversity of Porifera in the
Mediterranean coralligenous accretions, with description of a new species. Zoo Keys 336: 1-37

Bianchi CN, Pronzato R, Cattaneo-Vietti R, Benedetti-Cecchi L, Morri C, Pansini M, et al. (2004).
Mediterranean marine benthos: a manual of methods for its sampling and study. Hard bottoms.
Biol Mar Medit 11: 185-215

Bianchi C N, Morri C (2003). Global sea warming and ‘tropicalization’ of the Mediterranean Sea:
biogeographic and ecological aspects. Biogeographia 24: 319-327

Bianchi CN (2007). Biodiversity issues for the forthcoming tropical Mediterranean Sea. Hydrobiologia
580: 7-21

Bianchi CN, Morri C, Navone A (2010). | popolamenti delle scogliere rocciose sommerse dell’Area Marina
Protetta di Tavolara Punta Coda Cavallo (Sardegna nord-orientale). Tr scient Parc Nat Port-Cros
24:39-85

Bo M, Bertolino M, Borghini M, Castellano M, Covazzi Harriague A, Di Camillo CG, et al. (2011).
Characteristics of the Mesophotic Megabenthic Assemblages of the Vercelli Seamount (North
Tyrrhenian Sea). PLoS ONE 6(2): e16357

Bo M, Canese S, Spaggiari C, Pusceddu A, Bertolino M, Angiolillo M, et al. (2012). Deep Coral Oases in
the South Tyrrhenian Sea. PLoS ONE 7: e49870

Bo M, Bava S, Canese S, Angiolillo M, Cattaneo-Vietti R, Bavestrello G (2014). Fishing impact on deep
Mediterranean rocky habitats as revealed by ROV investigation. Biol Conserv. 2014, 171: 167-176

Borja A, Elliott M, Andersen JH, Cardoso AC, Carstensen J, Ferreira JG, et al. (2013). Good Environmental
Status of marine ecosystems: what is it and how do we know when we have attained it? Mar
Pollut Bull 76: 16-27

References 120



Bosc E, Bricaud A, Antoine D (2004). Seasonal and interannual variability in algal biomass and primary
production in the Mediterranean Sea, as derived from 4 years of SeaWiFS observations. Global
Biogeochem Cy18, GB1005

Boudouresque CF (1973). Recherches de bionomie analytique, structurale et expérimentale sur les
peuplements benthiques sciaphiles de Méditerranée Occidentale (fraction algale). Les
peuplements sciaphiles de mode relativement calme sur substrats durs. Bull Mus Hist Nat
Marseille 33: 147-225

Boudouresque CF (2004). Marine biodiversity in the Mediterranean: status of species, populations and
communities. Sci Rep Port-Cros natl Park, Fr 20: 97-146

Brazeau DA, Lasker HR (1990). Reproductive success in the Caribbean octocoral Briareum asbestinum.
Mar Biol 114: 157-163

Brazeau DA, Lasker HR (1992). Growth rates and growth strategy in a clonal marine invertebrate, the
Caribbean octocoral Briareum Asbestinum. Biol Bull 183: 269-277

C

Calcinai B, Bertolino M, Bavestrello G, Montori S, Mori M, Pica D, et al. (2015). Comparison between the
sponge fauna living outside and inside the coralligenous bioconstruction: A quantitative
approach. Medit. Mar. Sci. 16(2): 413-418

Carpine C, Grasshof M (1975). Les gorgonaires de la Méditerraneé. Bull Inst Océanogr Monaco 71: 1-140

Carvalho S, Curdia J, Pereira F, Guerra-Garcia JM, Santos MN, Cunha MR (2014). Biodiversity patterns of
epifaunal assemblages associated with the gorgonians Eunicella gazella and Leptogorgia
lusitanica in response to host, space and time. J Sea Res 85: 37-47

Casas E, Teixidd N, Garrabou J, Cebrian E (2015). Structure and biodiverstiy of coralligenous assemblages
over broad spatial and temporal scales. Mar Biol 162: 901-912

Cebrian E, Uriz MJ, Garrabou J, Ballesteros E (2011). Sponge mass mortalities in a warming
Mediterranean sea: Are cyanobacteria-harboring species worse off? PLoS ONE 6: e20211

Cebrian E, Linares C, Marschal C, Garrabou J (2012). Exploring the effects of invasive algae on the
persistence of gorgonian populations. Biol Invasions 14: 2647-2656

Cerrano C, Bavestrello G, Bianchi N, Cattano-Vietti R, Bava S, Morganti C, et al. (2000). A catastrophic
mass-mortality episode of gorgonians and other organisms in the Ligurian Sea (North-western
Mediterranean), summer 1999. Ecol Lett 3: 284-293

Cerrano C, Bavestrello G, Bianchi CN, Calcinai B, Cattaneo-Vietti R, Morri C, et al. (2001). The role of
sponge bioerosion in the Mediterranean coralligenous accretion. In: Faranda FM, Guglielmo L,
Spezie G (eds). Mediterranean Ecosystems: Structures and Processes. Springer-Verlag, Milano,
pp. 235-240

Cerrano C, Arillo A, Azzini F, Calcinai B, Castellano L, Muti C, et al. (2005). Gorgonian population recovery
after a mass mortality event. Aquat Conserv 15: 147-157

Cerrano C, Danovaro R, Gambi C, Pusceddu A, Riva A, Schiaparelli S (2010). Gold coral (Savalia savaglia)
and gorgonian forests enhance benthic biodiversity and ecosystem functioning in the mesophotic
zone. Biodivers Conserv 19: 153-167

Cerrano C, Cardini U, Bianchelli S, Corinaldesi C, Pusceddu A, Danovaro R (2013). Red coral extinction
risk enhanced by ocean acidification. Sci Rep 3:1457

References 121



Chiappone M, Dienes H, Swanson DW, Miller SL (2005). Impacts of lost fishing gear on coral reef sessile
invertebrates in the Florida Keys National Marine Sanctuary. Biol Cons 121: 221-230

Cigliano M, Gambi MC (2007). The long hot summer: Further mortality event of gorgonians along the
Phlaegrean Islands (Tyrrhenian Sea). Biol Mar Mediterr 14: 292-293

Clarke KR, Gorley RN (2006). PRIMER v6: User Manual/Tutorial. PRIMER-E Ltd, Plymouth, UK

Claudet J, Fraschetti F (2010). Human-driven impacts on marine habitats: A regional meta-analysis in the
Mediterranean Sea. Biol Conserv 143(9): 2195-2206

Cocito S, Bedulli D, Sgorbini S (2002). Distribution patterns of the sublittoral epibenthic assemblages on
a rocky shoal in the Ligurian Sea (NW Mediterranean). Sci Mar 66: 175-181

Cocito S (2004). Bioconstruction and biodiversity: their mutual influence. Sci Mar 68 (Suppl. 1): 137-144

Coll M, Piroddi C, Steenbeek J, Kaschner K, Ben Rais Lasram F, Aguzzi J, et al. (2010). The Biodiversity of
the Mediterranean Sea: Estimates, Patterns, and Threats. PLoS ONE 5: e11842

Coll M, Piroddi C, Albouy C, Ben Rais Lasram F, Cheung WWL, Christensen V, et al. (2011). The
Mediterranean under siege: spatial overlap between marine biodiversity, cumulative threats and
marine reserves. Glob Ecol Biogeogr 21: 465-481

Coma R, Zabala M, Gili JM (1995). Reproduction and cycle of gonadal development in the
Mediterranean gorgonian Paramuricea clavata. Mar Ecol Prog Ser 117: 173-183

Coma R, Ribes M, Zabala M, Gili JM (1998). Growth in a modular colonial marine invertebrate. Estuar
Coast Shelf Sci 47: 459-470

Coma R, Ribes M, Gili JM, Zabala M (2000). Seasonality in coastal benthic ecosystems. Trends Ecol Evol
15: 448-453

Coma R, Ribes M (2003). Seasonal energetic constraints in Mediterranean benthic suspension feeders:
effects at different levels of ecological organization. Oikos 101: 205-215

Coma R, Pola E, Ribes M, Zabala M (2004). Long-term assessment of the patterns of mortality of a
temperate octocoral in protected and unprotected areas: a contribution to conservation and
management needs. Ecol Appl 14: 1466-1478

Coma R, Linares C, Ribes M, Diaz D, Garrabou J, Ballesteros E (2006). Consequences of a mass mortality
event in populations of Eunicella singularis (Cnidaria: Octocorallia) in Menorca (NW
Mediterranean). Mar Ecol Prog Ser 327: 51-60

Coma R, Ribes M, Serrano E, Jiménez E, Salat J, Pascual J (2009). Global warming-enhanced stratification
and mass mortality events in the Mediterranean. Proc Natl Acad Sci USA 106: 6176—6181

Coz R, Ouisse V, Artero C, Carpentier A, Crave A, Feunteun E, et al. (2012). Development of a new
standardised method for sustainable monitoring of the wvulnerable pink sea fan Eunicella
verrucosa. Mar Biol 159: 1375-1388

Cupido R, Cocito S, Barsanti M, Sgorbini S, Peirano A, Santangelo G (2009). Unexpected long-term
population dynamics in a canopy-forming gorgonian following mass mortality. Mar Ecol Prog Ser
394: 195-200

Cupido R, Cocito S, Sgorbini S, Bordone A, Santangelo G (2008). Response of a gorgonian (Paramuricea
clavata) population to mortality events: recovery or loss? Aquatic Conserv: Mar Freshw Ecosyst
18: 984-992

References 122



Cupido R, Cocito S, Manno V, Ferrando S, Peirano A, lannelli M, et al. (2012). Sexual structure of a highly
reproductive, recovering gorgonian population: quantifying reproductive output. Mar Ecol Prog
Ser 469: 25-36

Curdia J, Carvalho S, Pereira F, Guerra-Garcia JM, Santos MN, Cunha MR (2015). Diversity and
abundance of invertebrate epifaunal assemblages associated with gorgonians are driven by
colony attributes. Coral Reefs 34(2): 611-624

D

Deter J, Descamp P, Ballesta L, Boisseryd P, Holon F (2012a). A preliminary study toward an index based
on coralligenous assemblages for the ecological status assessment of Mediterranean French
coastal waters. Ecol Indic 20:345-352

Deter J, Descamps P, Boissery P., Ballests L., Holon F (2012b). A rapid photographic method detects
depth gradient in coralligenous assemblages. J Exp Mar Biol Ecol 419: 75-82

De Putron SJ, Ryland JS (2009). Effect of seawater temperature on reproductive seasonality and
fecundity of Pseudoplexaura porosa (Cnidaria, Octocorallia): latitudinal variation in Caribbean
gorgonian reproduction. Invertebr Biol 128: 213-222

Di Camillo CG, Bartolucci I, Cerrano C, Bavestrello G (2013). Sponge disease in the Adriatic Sea. Mar Ecol
34:62-71

Di Camillo CG, Cerrano C (2015). Mass mortality events in the NW Adriatic Sea: Phase shift from slow- to
fast-growing organisms. PLoS ONE 10(5): e0126689

Doney SC, Ruckelshaus M, Duffy JE, Barry JP, Chan F, English CA, et al. (2012). Climate Change Impacts
on Marine Ecosystems. Annu Rev Mar Sci 4:11-37

Dounas C, Koutsoubas D, Salomidi M, Koulouri P, Gerovasileiou V, Sini M (2009). Distribution and
fisheries of the red coral Corallium rubrum (Linnaeus, 1758) in the Greek seas: an overview. In:
Bussoletti E, Cottingham D, Bruckner A, Roberts G, Sandulli R, (eds). Proceedings of the
International Workshop on Red Coral Science, Management, and Trade: Lessons from the
Mediterranean, September 23—-26, Naples, Italy. NOAA Technical Memorandum CRCP-13. Silver
Spring. pp. 106-114

Duplanci¢ Leder T, Ujevi¢ T, Cala M (2004). Coastline lengths and areas of islands in the Croatian part of
the Adriatic Sea determined from the topographic maps at the scale of 1: 25 000". Geoadria
(Zzadar) 9(1): 5-32

F

Fagerstrom JA (1991). Reef-building guilds and a checklist for determining guild membership. Coral
Reefs 10 : 47-52

Feldmann J (1937). Recherches sur la végétation marine de la Méditerranée: la cOte des Alberes. Rouen:
Wolf

Ferdeghini F, Acunto S, Cocito S, Cinelli F (2000). Variability at different spatial scales of a coralligenous
assemblage at Giannutri Island (Tuscan Archipelago, northwest Mediterranean). Hydrobiologia
440: 27-36

Ferdeghini F, Cocito S, Azzaro L, Sgorbini S, Cinelli F (2001). Bryozoan bioconstructions in the
coralligenous formations of S. M. Leuca (Apulia, Italy). Biol Mar Medit 8(1): 238-245

Fraschetti S, Terlizzi A, Boero F (2008) How many habitats are there in the sea (and where)? J Exp Mar
Biol Ecol 366: 109-115

References 123



G

Gambi MC, Barbieri F (2012). Population structure of the gorgonian Eunicella cavolinii in the "Grotta
Azzurra" cave off Palinuro, after the mass mortality event in 2008. Biol Mar Mediterr 19: 174-175

Gambi MC, Barbieri F, Singorelli S, Saggiomo V (2010). Mortality events along the Campania coast
(Tyrrhenian Sea) in summers 2008 and 2009 and relation to thermal conditions. Biol Mar
Mediterr 17: 126-127

Garrabou J, Sala E, Arcas A, Zabala M (1998). The impact of diving on rocky sublittoral communities: A
case study of a bryozoan population. Conserv Biol 12: 302-312

Garrabou J, Ballesteros E (2000). Growth of Mesophyllum alternans and Lithophyllum frondosum
(Corallinales, Rhodophyta) in the northwestern Mediterranean. Eur J Phycol 35(1): 1-10

Garrabou, J. & Zabala, M. (2001). Growth dynamics in four Mediterranean demosponges. Estuarine
Coastal and Shelf Science 52, 293-303

Garrabou J, Ballesteros E, Zabala M (2002a). Structure and dynamics of north-western Mediterranean
rocky benthic communities along a depth gradient. Estuar Coast Shelf Sci 55: 493-508

Garrabou J, Harmelin G (2002b). A 20-year study on life-history traits of a harvested long-lived
temperate coral in the NW Mediterranean: insights into conservation and management needs. J
Anim Ecol 71: 966978

Garrabou J, Coma R, Benssoussan N, Bally M, Chevaldonné P, Cigliano M, et al. (2009). Mass mortality in
NW Mediterranean rocky benthic communities: effects of the 2003 heat wave. Glob Change Biol
15:1090-1103

Gatti G, Montefalcone M, Rovere A, Parravicini V, Morri C, Albertelli G, et al. (2012). Seafloor integrity
down the harbor waterfront: the coralligenous shoals off Vado Ligure (NW Mediterranean). Adv
Ocean Limnol 3(1): 51-67

Gatti G, Bianchi CN, Morri C, Montefalcone M, Sartoretto S (2015). Coralligenous reefs state along
anthropized coasts: application and validation of the COARSE index, based on a Rapid Visual
Assessment (RVA) approach. Ecol Indic 52: 567-576

Georgiadis M, Papatheodorou G, Tzanatosa E, Geraga M, Ramfos A, Koutsikopoulos C, et al. (2009).
Coralligéne formations in the eastern Mediterranean Sea: Morphology, distribution, mapping and
relation to fisheries in the southern Aegean Sea (Greece) based on high-resolution acoustics. J
Exp Mar Biol Ecol 368: 44-58

Gerovasileiou V, Sini MI, Poursanidis D, Koutsoubas D (2009). Contribution to the knowledge of
coralligenous communities in the NE Aegean Sea. In: Pergent-Martini C, Brichet M (eds).
Proceedings of the 1°' symposium on conservation of the coralligenous bio-concretions (Tabarka
16—19 January), UNEP-MAP-RAC/SPA. RAC/SPA publ. Tunis

Giaccone G (2007). Coralligenous assemblage as underwater seascape: distribution off Italian coasts.
Biol Mar Medit 14(2): 124-141

Giakoumi S, Sini M, Gerovasileiou V, Mazor T, Bejer J, Possingham HP, et al. (2013). Ecoregion-based
conservation planning in the Mediterranean: Dealing with large-scale heterogeneity. PLoS ONE 8:
e76449

Gili JM, Coma R (1998). Benthic suspension feeders: their paramount role in littoral marine food webs.
Trends Ecol Evol 13: 316-321

References 124



Gili JM, Murillo J, Ros J (1989). The distribution pattern of benthic cnidarians in the Western
Mediterranean. Sci Mar 53: 19-35

Gillespie AR, Kahle AB, Walker RE (1986). Color enhancement of highly correlated images. |I.
Decorrelation and HSI contrast stretches. Rem Sens Environ 20: 209-235

Gilmour JP (2004). Size-structures of populations of the mushroom coral Fungia fungites: the role of
disturbance. Coral Reefs 23: 493-504

Giuliani S, Virno Lamberti C, Sonni C, Pellegrini D (2005). Mucilage impact on gorgonians in the
Tyrrhenian Sea. Sci Total Environ 353: 340-349

Golberg WM (1973). The ecology of the coral-octocoral communities off the southeast Florida coast:
geomorphology, species composition, and zonation. Bull Mar Sci 23: 465-488

Gori A, Linares C, Rossi S, Coma R, Gili JM (2007). Spatial variability in reproductive cycle of the
gorgonians Paramuricea clavata and Eunicella singularis (Anthozoa, Octocorallia) in the Western
Mediterranean Sea. Mar Biol 151: 1571-1584

Gori A, Rossi S, Linares C, Berganzo E, Orejas C, Dale MRT, et al. (2011). Size and spatial structure in deep
versus shallow populations of the Mediterranean gorgonian Eunicella singularis (Cap de Creus,
northwestern Mediterranean Sea). Mar Biol 158: 1721-1732

Gori A, Bramanti L, Lépez-Gonzalez P, Thoma J, Gili JM, Grinyd J, et al. (2012). Characterization of the
zooxanthellate and azooxanthellate morphotypes of the Mediterranean gorgonian Eunicella
singularis. Mar Biol 159: 1485-1496

Gotelli NJ (1991). Demographic models for Leptogorgia virgulata, a shallow-water gorgonian. Ecology
72: 457-467

Grigg RW (1974). Growth rings: annual periodicity in two gorgonian corals. Ecology 55: 876—881

Grigg RW (1975). Age structure of a longevous coral: A relative index of habitat suitability and stability.
Am Nat 109: 647-657

Grigg RW (1977). Population dynamics of two gorgonian corals. Ecology 57: 278-290

Gutierrez-Rodriguez C, Lasker HR (2004). Reproductive biology, development, and planula behavior in
the Caribbean gorgonian Pseudopterogorgia elisabethae. Invertebr Biol 123(1): 54-67

H

Halpern BS, Walbridge S, Selkoe KA, Kappel CV, Micheli F, D'Agrosa C, et al. (2008). A global map of
human impact on marine ecosystems. Science 319: 948-952

Harvell CD, Grosberg RK (1988). The timing of sexual maturity in clonal animals. Ecology 69: 1855-1864

Harmelin JG, Marinopoulos J (1994). Population structure and partial mortality of the gorgonian
Paramuricea clavata (Risso) in the North-Western Mediterranean (France, Port-Cros lIsland).
Marine Life 4: 5-13

Harmelin JG, Garrabou J (2005). Suivi d’une population de Paramuricea clavata (Risso, 1826) (Cnidaria,
Octocorallia, Gorgonacea) dans le parc national de Port-Cros (Méditerraneé, France):
comparaison des états 1992 et 2004 sur le site de la Galere. Sci Rep Port-Cros Natl Park 21: 175-
191

Harley CDG, Randall HA, Hultgren KM, Miner BG, Sorte CIB, Thornber CS, et al. The impacts of climate
change in coastal marine systems. Ecol Lett. 9: 228-41

References 125



Holon F, Boissery P, Deter J (2014). Environmental factors explaining taxonomic heterogeneity of
coralligenous outcrops across France (Northwestern Mediterranean). In: Langar H, Bouafif C,
Ouerghi A (eds). Proceedings of the 5" Mediterranean Symposium on Marine Vegetation
(Portoroz, Slovenia, 27-28 October 2014), UNEP-MAP- RAC/SPA. RAC/SPA publ., Tunis

Holon F, Mouquet N, Boissery P, Bouchoucha M, Delaruelle G, Tribot A-S, et al. (2015). Fine-scale
cartography of human impacts along French Mediterranean Coasts: A relevant map for the
management of marine ecosystems. PLoS ONE 10(8): e0135473

Hong JS (1980). Etude faunistique d’un fond de concrétionnement de type coralligéne soumis a un
gradient de pollution en Méditerranée nord-occidentale (Golfe de Fos). PhD thesis, Universite
d’Aix-Marseille I, Marseille

Hong JS (1983). Impact of the pollution on the benthic community: environmental impact of the
pollution on the benthic coralligenous community in the Gulf of Fos, northwestern
Mediterranean. Bull Korean Fish Soc 16: 273-290

Hughes T P, Jackson JBC (1985). Population dynamics and life histories of foliaceous corals. Ecol
Monograph 55: 141-166

Hughes TP, Baird AH, Bellwood DR, Card M, Connolly SR, Folke C, et al. (2003). Climate change, human
impacts, and the resilience of coral reefs. Science 301: 929-933

Huete-Stauffer C, Vielmini I, Palma M, Navone A, Panzalis P, Vezzulli L, et al. (2011). Paramuricea clavata
(Anthozoa, Octocorallia) loss in the Marine Protected Area of Tavolara (Sardinia, Italy) due to a
mass mortality event. PSZNI: Mar Ecol 32: 107-116

Ignatiadis L (2005). Scaling the trophic status of the Aegean Sea, eastern Mediterranean. J Sea Res 54:
51-57

loannou E, Abdel-Razika AF, Zervou M, Christofidis D, Alexi X, Vagias C, et al. (2009). 5a,8a-
Epidioxysterols from the gorgonian Eunicella cavolini and the ascidian Trididemnum inarmatum:
Isolation and evaluation of their antiproliferative activity. Steroids 74: 73—80

Irving AD, Connell SD (2002). Sedimentation and light penetration interact to maintain heterogeneity of
subtidal habitats: algal versus invertebrate dominated assemblages. Mar Ecol-Prog Ser 245: 83—
91

Issaris Y, Katsanevakis S, Pantazi M, Vassilopoulou V, Panayotidis P, Kavadas S, et al. (2012). Ecological
mapping and data quality assessment for the needs of ecosystem-based marine spatial
management: case study Greek lonian Sea and the adjacent gulfs. Medit Mar Sci 13(2): 297-311

J

Jackson JBC (2008). Ecological extinction and evolution in the brave new ocean. PNAS 105 (suppl. 1):
11458-11465

Jones CJ, Lawton JH, Shachak M (1994). Organisms as ecosystem engineers. Oikos 69: 373—-386
K

Kapela W, Lasker HR (1999). Size-dependant reproduction in the Caribbean gorgonian Pseudoplexaura
porosa. Mar Biol 135: 107-114

Katsanevakis S, Coll M, Piroddi C, Steenbeek J, Ben Rais Lasram F, Zenetos A et al. (2014). Invading the
Mediterranean Sea: biodiversity patterns shaped by human activities. Front Mar Sci 1:32

References 126



Kefalas E, Castritsi-Catharios J (2007). Taxonomy of some sponges (Porifera: Demospngiae) collected
from the Aegean Sea and description of a new species. J Mar Biol Ass U.K. 87: 1-12

Kim K, Lasker HR (1997). Flow-mediated resource competition in the suspension feeding gorgonian
Plexaura homomalla (Esper). J Exp Mar Biol Ecol 215(1): 49-64

Kipson S, Linares C, Cizmek H, Cebrian E, Ballesteros E, Bakran-Petricioli T, et al. (2014). Population
structure and conservation status of the red gorgonian Paramuricea clavata (Risso, 1826) in the
Eastern Adriatic Sea. Mar Ecol doi: 10.1111/maec.12195

Kipson S (2013). Ecology of gorgonian dominated communities in the eastern Adriatic Sea. PhD Thesis,
Zagreb

Koukouras A, Voultsiadou-Koukoura E, Chintiroglou H, Dounas C (1985). Benthic bionomy of the North
Aegean Sea, lll. A comparison of the macrobenthic animal assemblages associated with seven
sponge species. Cah Biol Mar 26: 301-319

Kruger A, Schleyer MH, Benayahu Y (1998). Reproduction in Anthelia glauca (Octocorallia: Xeniidae). I.
Gametogenesis and larval brooding. Mar Biol 131: 423432

Kruskal JB, Wish M (1978). Multidimensional Scaling. Sage Publications, Beverly Hills
L

Laborel J (1960). Contribution a I’ etude directe des peuplements benthiques sciaphiles sur substrat
rocheux en Mediterranee. Rec Trav St Mar End Bull 33(20): 117-173

Ill

Laborel J (1961). Le concretionnement algal “coralligéne” et son importance géomorphologique en
Méditerranée. Rec Trav St Mar End Bull 23(37): 37-60

Lasker HR (1990). Clonal propagation and population dynamics of a gorgonian coral. Ecology 71: 1578
1589

Laborel J (1987). Marine biogenic constructions in the Mediterranean. Sci Rep Port-Cros Natl Park 13:
97-126

Lasker HR, Coffroth MA (1999). Responses of clonal reef taxa to environmental change. Am Zool 39: 92—
103

Lasker HR, Boller ML, Castanaro J, Sanchez JA (2003). Determinate growth and modularity in a gorgonian
octocoral. Biol Bull 205: 319-330

Lejeusne C, Chevaldonne P, Pergent-Martini C, Boudouresque CF, Pérez T (2010). Climate change effects
on a miniature ocean: the highly diverse, highly impacted Mediterranean Sea. Trends Ecol Evol
25: 250-260

Levin N, Coll M, Fraschetti S, Gal G, Giakoumi S, Goke C, et al. (2014). Review of biodiversity data
requirements for systematic conservation planning in the Mediterranean Sea. Mar Ecol Prog Ser
508: 261-281

Linares C, Coma R, Diaz D, Zabala M, Hereu B, Dantart L (2005). Immediate and delayed effects of a mass
mortality event on gorgonian population dynamics and benthic community structure in the NW
Mediterranean Sea. Mar Ecol Prog Ser 305: 127-137

Linares C, Doak DF, Coma R, Didz D, Zabala M (2007). Life history and viability of a long-lived marine
invertebrate: the octocoral Paramuricea clavata. Ecology 88: 918-928

Linares C, Coma R, Garrabou J, Diaz D, Zabala M (2008). Size distribution, density and disturbance of two
Mediterranean gorgonians: Paramuricea clavata and Eunicella singularis. ) Appl Ecol 45: 688-699

References 127



Linares C, Zabala M, Garrabou J, Coma R, Diaz D, Hereu B, et al. (2010a). Assessing the impact of diving
in coralligenous communities: the usefulness of demographic studies of red gorgonian
populations. Sci Rep Port-Cros Natl Park 24:161-184

Linares C, Bianchimani O, Torrents O, Marschal C, Drap P, Garrabou J (2010b). Marine protected areas
and the conservation of long-lived invertebrates: the Mediterranean red coral. Mar Ecol Prog Ser
402: 69-79

Linares, C, Cebrian, E, Coma R (2012). Effects of turf algae on gorgonian recruitment and juvenile
survival. Mar Ecol Prog Ser 452: 82—-88

Lloret J (2010). Human health benefits supplied by Mediterranean marine biodiversity. Mar Pollut Bull
60: 1640-1646

Lotze HK, Lenihan HS, Bourque BJ, Bradbury RH, Cooke RG, Kay MC, et al. (2006). Depletion,
degradation, and recovery potential of estuaries and coastal seas. Science 312:1806—-1809

M

Maldonado M, Lépez-Acosta M, Sanchez-Tocino L, Sitja C (2013). The rare, giant gorgonian Ellisella
paraplexauroides: demographics and conservation concerns. Mar Ecol Prog Ser 479: 127-141

Marion AF (1883). Esquisse d’une topographie zoologique du Golfe de Marseille. Ann Mus Hist Nat
Marseille 1:1-108

Marschal C, Garrabou J, Harmelin JG, Pichon M (2004). A new method for measuring growth and age in
the precious red coral Corallium rubrum (L.). Coral Reefs 23: 423-432

Martin CS, Giannoulaki M., De Leo F, Scardi M, Salomidi M, Knittweis L, et al. (2014). Coralligenous and
maérl habitats: predictive modelling to identify their spatial distributions across the
Mediterranean Sea. Sci Rep 4: 5073

Martin S, Gattuso JP (2009). Response of Mediterranean coralline algae to ocean acidification and
elevated temperature. Glob Change Biol 15: 2089—-2100

Matsumoto AK (2004). Heterogeneous and compensatory growth in Melithaea flabellifera (Octocorallia:
Melithaeidae) in Japan. Hydrobiologia 530/531: 389-397

Micheli F, Halpern BS (2005). Low functional redundancy in coastal marine assemblages. Ecol Lett 8:
391-400

Micheli F, Halpern BS, Walbridge S, Ciriaco S, Ferretti F, Fraschetti S, et al. (2013). Cumulative human
impacts on Mediterranean and Black Sea marine ecosystems: assessing current pressures and
opportunities. PLoS ONE 8: e79889

Micheli F, Levin N, Giakoumi S, Katsanevakis S, Abdulla A, Frasscetti S, et al. (2013). Setting priorities for
regional conservation planning in the Mediterranean Sea. PLoS ONE 8(4): e59038

Millet B, Lamy N (2002). Spatial patterns and seasonal strategy of macrobenthic species relating to
hydrodynamics in a coastal bay. J Res Oceanogr 27: 30—42

Mistri M, Ceccherelli VU (1993). Growth of the Mediterranean Gorgonian Lophogorgia ceratophyta (L.,
1758). P.S.Z.N. I. Mar Ecol 14(4): 329-340

Mistri M, Ceccherelli VU (1994). Growth and secondary production of the Mediterranean gorgonian
Paramuricea clavata. Mar Ecol Prog Ser 103: 291-296

References 128



Mistri M, Ceccherelli VU (1996). Effects of a mucilage event on the Mediterranean gorgonian
Paramuricea clavata. Short term impacts at the population and colony levels. Ital J Zool 63: 221-
230

Morganti C, Cocito S, Sgorbini S (2001). Contribution of bioconstructors to coralligenous assemblages
exposed to sediment deposition. Biol Mar Medit 8: 283-286

Munro L (2004). Determining the reproductive cycle of Eunicella verrucosa. Reef research: Final report,
Report Ref: RR Report 07/2004 ETR 12 - (www.marine-bio-images.com — last accessed June 2015)

o)

Opresko DM (1973). Abundance and distribution of shallow-water gorgonians in the area of Miami,
Florida. Bull Mar Sci 23: 535-558

P

Parravicini V, Morri C, Ciribilli G, Montefalcone M, Albertelli G, Bianchi CN (2009). Size matters more
than a method: visual quadrats vs photography in measuring human impact on Mediterranean
rocky reef communities. Estuar Coast Shelf S 81: 359-367

Péres JM, Picard J (1958). Recherches sur les peuplements benthiques de la Méditerranée nord-
orientale. Résultats Scientifiques des Campagnes de la « Calypso ». Fasc 3: 213-291

Péres JM, Picard J (1964). Nouveau manuel de bionomie benthique de la Méditerranée. Rec Trav Stat
Mar Endoume 31: 1-37

Piazzi L, Balata D, Pertusati M, Cinelli F (2004). Spatial and temporal variability of Mediterranean
macroalgal coralligenous assemblages in relation to habitat and substratum inclination. Bot Mar
47:105-115

Piazzi L, Balata D, Cinelli F (2007). Invasions of alien macroalgae in Mediterranean coralligenous
assemblages. Cryptogamie Algol 28: 289-301

Piazzi L, Balata D, Cecchi E, Cinelli F, Sartoni G (2010). Species composition and patterns of diversity of
macroalgal coralligenous assemblages of northwestern Mediterranean Sea. J Nat Hist 44: 1-22

Piazzi L, Balata D (2011). Coralligenous habitat: patterns of vertical distribution of macroalgal
assemblages. Sci Mar 75: 399-406

Piazzi L, Gennaro P, Balata D (2012). Threats to macroalgal coralligenous assemblages in the
Mediterranean Sea. Mar Pollut Bull 64: 2623-2629

Piazzi L, Balata D, Cecchi E, Gennaro P, Serena F (2014). Effectiveness of different investigation
procedures in detecting anthropogenic impacts on coralligenous assemblages. Sci Mar 78:
319-328

Pivotto ID, Nerini D, Masmoudi M, Kara H, Chaoui L, Aurelle D (2015). Highly contrasted responses of
Mediterranean octocorals to climate change along a depth gradient. R Soc Open Sci 2:140-493

Ponti M, Fava F, Abbiati M (2011). Spatial-temporal variability of epibenthic assemblages on subtidal
biogenic reefs in the northern Adriatic Sea. Mar Biol 158: 1447-1459

Ponti M, Perlini RA, Ventra V, Grech D, Abbiati M, Cerrano C (2014). Ecological shifts in Mediterranean
coralligenous assemblages related to gorgonian forest loss. PLoS ONE 9: e102782

Previati M, Scinto A, Cerrano C, Osinga R (2010). Oxygen consumption in Mediterranean octocorals
under different temperatures. J Exp Mar Biol Ecol 390(1): 39-48

References 129



R

Raitsos DE, Beaugrand G, Georgopoulos D, Zenetos A, Pancucci-Papadopoulou MA, Theocharis A, et al.
(2010). Global climate change amplifies the entry of tropical species into the eastern
Mediterranean Sea. Limnol Oceanogr 55(4): 1478-1484

Ribes M, Coma R, Rossi S, Micheli M (2007). The cycle of gonadal development of Eunicella singularis
(Cnidaria: Octocorallia): trends on sexual reproduction in Mediterranean gorgonians. Invertebr
Biol 126(4): 307-317

Rice J, Arvanitidis C, Borja A, Frid C, Hiddink JG, Krause J, et al. (2012). Indicators of sea-floor integrity
under the European Marine Strategy Framework Directive. Ecol Indic 12: 174-184

Rindi F, Pezzolesi S, Hernandez-Kantun JJ, Falace A, Kaleb S, Ponti M, et al. (2014). Distribution and
genetic variation of two bioconstructor coralline algae (Lithophyllum byssoides (Lamarck) Foslie
and L. stictaeforme (Areschoug) Hauck) along the Italian coasts. In: Langar H, Bouafif C, Ouerghi A
(eds). Proceedings of the 5" Mediterranean Symposium on Marine Vegetation (Portoro?,
Slovenia, 27-28 October 2014), UNEP-MAP- RAC/SPA. RAC/SPA publ., Tunis

Ros JD, Romero J, Ballesteros E, Gili JM (1985). Diving in the blue water. The benthos. In: R. Margalef
(ed.) Western Mediterranean. Pergamon Press, Oxford: 263-273

Rossi S (2013). The destruction of the ‘animal forests’ in the oceans: Towards an oversimplication of the
benthic ecosystems. Ocean Coast Manag 84: 77—-85

Rossi S, Gili JM, Coma R, Linares C, Gori A, Vert N (2006). Temporal variation in protein, carbohydrate,
and lipid concentrations in Paramuricea clavata (Anthozoa, Octocorallia): evidence for summer—
autumn feeding constraints. Mar Biol 149: 643—651

Rossi S, Gili JM (2009). Reproductive features and gonad development cycle of the soft bottom-gravel
gorgonian Leptogorgia sarmentosa (Esper, 1791) in the NW Mediterranean Sea. Invertebr Reprod
Dev 53: 175-190

Rossi S, Gili JM, Garrofé X (2011). Net negative growth detected in a population of Leptogorgia
sarmentosa: quantifying the biomass loss in a benthic soft bottom-gravel gorgonian. Mar Biol
158(7): 1631-1643

Russo A (1985). Ecological observations on the gorgonian sea fan Eunicella cavolinii in the Bay of Naples.
Mar Ecol Prog Ser 24: 155-159

S

Sala E, Ballesteros E, Dendrinos P, Di Franco A, Ferretti F, Foley D, et al. (2012). The structure of
Mediterranean rocky reef ecosystems across environmental and human gradients, and
conservation implications. PLoS ONE 7(2): e32742

Salomidi M, Smith C, Katsanevakis S, Panayotidis P, Papathanassiou V (2009). Some observations on the
structure and distribution of gorgonian assemblages in the eastern Mediterranean Sea. In:
Pergent-Martini C, Brichet M, (eds). Proceedings of the 1** symposium on conservation of the
coralligenous and other calcareous bio-concretions, January 15-16, Tabarka, Tunisia. UNEP-MAP-
RAC/SPA. pp. 242-245

Sara M (1969). Research on coralligenous formations: problems and perspectives. Reprinted from the
Pubbl Staz Zool Napoli 37(suppl.): 124-134

References 130



Sartoretto S, Verlaque M, Laborel J (1996). Age of settlement and accumulation rate of submarine
«coralligene» (—10 to —60 m) of the northwestern Mediterranean Sea; relation to Holocene rise in
sea level. Mar Geol 130: 317-331

Sartoretto S, Francour P (2012). Bathymetric distribution and growth rates of Eunicella verrucosa
(Cnidaria: Gorgoniidae) populations along the Marseilles coast (France). Sci Mar 76(2): 349-355

Sebens KP (1983). The larval and juvenile ecology of the temperate octocoral Alcyonium siderium Verrill.
2. Fecundity, survival, and juvenile growth. J Exp Mar Biol Ecol 72: 263-285

Sebens KP (2002). Energetic constraints, size gradients, and size limits in benthic marine invertebrates.
Integ Comp Biol 42: 853-861

Schiaparelli S, Castellano M, Povero P, Sartoni G, Cattaneo-Vietti R (2007). A benthic mucilage event in
North-Western Mediterranean Sea and its possible relationships with the summer 2003
European heatwave: short term effects on littoral rocky assemblages. Mar Ecol 28: 341-353

Sini M, Kipson S, Linares C, Garrabou J, Koutsoubas D (2014). Distribution of Eunicella cavolini (Koch,
1887) across the Mediterranean. In: Bouafif C, Langar H, Ouerghi A, (eds) Proceedings of the 2"
Mediterranean Symposium on the conservation of coralligenous and other calcareous bio-
concretions, October 29-30, Portoroz, Slovenia. UNEP-MAP-RAC/SPA. pp. 235-236

Sini M, Kipson S, Linares C, Koutsoubas D, Garrabou J (2015). The yellow gorgonian Eunicella cavolini:
demography and disturbance levels across the Mediterranean Sea. PLoS ONE 10(5): e0126253

Skoufas G, Poulicek M, Chintiroglou CC (2000). Growth variation of Eunicella singularis (Esper, 1794)
(Gorgonacea, Anthozoa). Belg J Zool 130 (Suppl): 125-128

Skoufas G (2006). Comparative biometry of Eunicella singularis (Gorgonian) sclerites at East
Mediterranean Sea (North Aegean Sea, Greece). Mar Biol 149: 1365-1370

SoHelME (2005). Nutrients and dissolved oxygen in Hellenic coastal waters. In: State of the Hellenic
Marine Environment. Papathanassiou E, Zenetos A (eds), HCMR Publ, pp. 127-136

Sokal R, Rohlf FJ (1995). Biometry: The Principles and practice of statistics in biological research. 3"
edition. Freeman, New York

Solan M, Cardinale BJ, Downing AL, Engelhardt KAM, Ruesink JL, Srivastava DS (2004). Extinction and
ecosystem function in the marine benthos. Science 306: 1177-1180

Spalding MD, Fox HE, Allen GR, Davidson N, Ferdafia ZA, Finlayson M. et al. (2007). Marine ecoregions of
the world: a bioregionalization of coastal and shelf areas. Bioscience 57: 573-583

Spatharis S, Tsirtsis G, Danielidis DB, Do Chi T, Mouillot D (2007). Effects of pulsed nutrient inputs on
phytoplankton assemblage structure and blooms in an enclosed coastal area. Coast Estuar Sci 73:
807-815

Spatharis S, Dolapsakis NP, Economou-Amilli A, Tsirtsis G, Danielidis DB (2009). Dynamics of potentially
harmful microalgae in a confined Mediterranean Gulf - Assessing the risk of bloom formation.
Harmful Algae 8: 736-743

Stabili L, Cardone F, Alifano P, Tredici SM, Piraino S, Corriero G, et al. (2012). Epidemic mortality of the
sponge Ircinia variabilis (Schmidt, 1862) associated to proliferation of a Vibrio bacterium. Microb
Ecol 64: 802-813

Stewart IS, Morhange C (2009). Coastal geomorphology and sea-level change. In: Woodward JC (ed.),
The physical geography of the Mediterranean. Oxford University Press, Oxford: pp. 385—413

References 131



T

Teixidé N, Garrabou J, Harmelin JG (2011a). Low dynamics, high longevity and persistence of sessile
structural species dwelling on Mediterranean coralligenous outcrops. PLoS ONE 6(8): e23744

Teixidd N, Albajes-Eizagirre A, Bolbo D, Le Hir E, Demestre M, Garrabou J (2011b). Hierarchical
segmentation-based software for cover classification analyses of seabed images (Seascape). Mar
Ecol Prog Ser 431: 45-53

Teixidd N, Casas E, Cebrian E, Linares C, Garrabou J (2013). Impacts on coralligenous outcrop biodiversity
of a dramatic coastal storm. PLoS ONE 8(1): e53742

Thomas C D, Cameron A, Green RE, Bakkenes M, Beaumont LJ, Collingham YC, et al. (2004). Extinction
risk from climate change. Nature 427: 145-148

Thrush SF, Dayton PK (2002). Disturbance to marine benthic habitats by trawling and dredging —
implications for marine biodiversity. Annu Rev Ecol Syst 33: 449-473

Topaloglu B, Ozturk B, Topgu E, Goniilal O (2010). A preliminary study on the macrozoobenthic
invertebrate fauna of two banks in the north Aegean Sea. Rapp Comm int Mer Médit 39: 682

Topgu EN, Oztiirk, B (2013). Octocoral diversity of Balik¢i Island, the Marmara Sea. J Black Sea/Medit
Environ 19: 46-57

Topgu E, Ozturk B (2015). Composition and abundance of octocorals in the Sea of Marmara, where the
Mediterranean meets the Black Sea. Sci Mar 79: 125-135

Torrents O, Garrabou J, Marschal C, Harmelin JG (2005). Age and size at first reproduction in the
commercially exploited red coral Corallium rubrum (L.) in the Marseilles area (France, NW
Mediterranean). Biol Conserv 121: 391-397

True MA (1970). Etude quantitative de quatre peuplements sciaphiles sur substrat rocheurs dans la
région marseillaise. Bull Inst Océanogr Monaco 60: 1-41

Trygonis V Sini M (2012). photoQuad: a dedicated seabed image processing software, and a comparative
error analysis of four photoquadrat methods. J Exp Mar Biol Ecol 424-425: 99-108

Tsikliras AC, Dinouli A, Tsiros V-Z, Tsalkou E (2015). The Mediterranean and Black Sea fisheries at risk
from overexploitation. PLoS ONE 10(3): e0121188

Tsounis G, Rossi S, Gili JM, Arntz W (2006). Population structure of an exploited benthic cnidarian: the
red coral case study. Mar Biol 149: 1059-1070

Tsounis G, Rossi S, Gili JM, Arntz WE (2007). Red coral fishery at the Costa Brava (NW Mediterranean):
case study of an overharvested precious coral. Ecosystems 10: 975-986

Tsounis G, Rossi S, Grigg R, Santangelo G, Bramanti L, Gili Jm (2010). The exploitation and conservation
of precious corals. Oceanog Mar Biol 48: 161-212

Tsounis G, Martinez L, Bramanti L, Viladrich N, Gili JM, Martinez A, et al. (2012). Anthropogenic effects
on reproductive effort and allocation of energy reserves in the Mediterranean octocoral
Paramuricea clavata. Mar Ecol Prog Ser 449: 161-172

U

UNEP-MAP-RAC/SPA (2006). Classification of benthic marine habitat types for the Mediterranean
region.

UNEP-MAP-RAC/SPA (2007). Draft decision on the "Action Plan for the protection of the coralligenous
and other calcareous bioconcretions in the Mediterranean". UNEP(DEPI)/MED WG 320/20

References 132



UNEP-MAP-RAC/SPA (2008). Action plan for the conservation of the coralligenous and other calcareous
bio-concretions in the Mediterranean Sea. RAC/SPA (ed.), RAC/SPA, Tunis

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

UNEP-MAP RAC/SPA (2009) State of knowledge of the geographical distribution of the coralligenous and
other calcareous bio-concretions in the Mediterranean. By Agnesi S, Annunziatellis A, Cassese
ML, La Mesa G, Mo G, Tunesi L. RAC/SPA (ed.), RAC/SPA, Tunis

UNEP-MAP-RAC/SPA (2010). Overview of scientific findings and criteria relevant to identifying SPAMIs in
the Mediterranean open seas, including the deep sea. By Notarbartolo di Sciara G, Agardy T.
RAC/SPA (ed.), RAC/SPA, Tunis

UNEP-MAP-RAC/SPA (2011). Draft lists of coralligenous/maérl populations and of main species to be
considered by the inventory and monitoring. Expert meeting to propose standard methodologies
for the inventory and monitoring of coralligenous/maérl communities and their main species. 7-8
April, Rome, Italy

UNEP-MAP-RAC/SPA (2015). Draft Updated Action plan for the conservation of the coralligenous and
other calcareous bio-concretions in the Mediterranean Sea. By Garrabou J. RAC/SPA (ed.),
RAC/SPA, Tunis

Vv

Vafidis D, Koukouras A, Voultsiadou-Koukoura E (1994). Octocoral fauna of the Aegean Sea with check
list of the Mediterranean species: new information, faunal comparisons. Ann Instit Océanogr 70:
217-229

Virgilio M, Airoldi L, Abbiati M (2006). Spatial and temporal variations of assemblages in a
Mediterranean coralligenous reef and relationships with surface orientation. Coral Reefs 25: 265—
272

Voultsiadou E (2005). Sponge diversity in the Aegean Sea: check list and new information. Ital J Zool 72:
53-64

Velimirov B (1973). Orientation in the sea fan Eunicella cavolinii related to water movement. Helgol Wiss
Meeres 24:163-173

Velimirov B (1975). Wachstum und altersbestimmung der gorgonie Eunicella cavolinii. Oecologia 19:
259-1272

Velimirov B (1976). Variations in growth forms of Eunicella cavolinii Koch (Octocorallia) related to
intensity of water movement. J Exp Mar Biol Ecol 21: 109-117

Vreeland HV, Lasker HR (1989). Selective feeding of the polychaete Hermodice carunculata Pallas on
Caribbean gorgonians. J Exp Mar Biol Ecol 129(3): 265-277

w

Watremez P (2012). Canyon heads in the French Mediterranean Overview of results from the
MEDSEACAN and CORSEACAN campaings (2008-2010). In: Wirtz M, (ed). Mediterranean
Submarine Canyons: Ecology and Governance. Gland, Switzerland and Madlaga, IUCN, pp. 105—
112

Weinbauer MG, Velimirov B (1995a). Morphological variations in the Mediterranean sea fan Eunicella
cavolini (Coelenterata: Gorgonacea) in relation to exposure, colony size and colony region. Bull
Mar Sci 56: 283—-295

References 133



Weinbauer MG, Velimirov B (1995b). Biomass and secondary production of the temperate gorgonian
coral Eunicella cavolini (Coelenterata: Octocorallia). Mar Ecol Prog Ser 12: 211-216

Weinbauer MG, Velimirov B (1996a). Relative habitat suitability and stability of the Mediterranean
gorgonian coral Eunicella cavolini (Coelenterata: Octocorallia). Bull Mar Sci 58: 786-791

Weinbauer MG, Velimirov B (1996b). Population dynamics and overgrowth of the sea fan Eunicella
cavolinii (Coelenterata: Octocorallia). Estuar Coast Shelf Sci 42: 583-595

Weinberg S (1979). Autoecology of shallow-water Octocorallia from Mediterranean rocky substrata. I.
The Banyuls area. Bijdr Dierkd 49: 1-15

Weinberg S (1980). Autoecology of shallow-water octocorallia from Mediterranean rocky substrata. Il.
Marseille, Cote d’Azur and Corsica. Bijdr Dierkd 50: 73—-86

WoRMS Editorial Board (2015). World Register of Marine Species. Available from
http://www.marinespecies.org at VLIZ. Last accessed 2015-08-05

Wirtz M (2010). Mediterranean Pelagic Habitat: Oceanographic and Biological Processes, An overview.
Gland, Switzerland and Malaga, Spain: IUCN, 90 p

Y

Yoshioka PM, Yoshioka BB (1991). A comparison of the survivorship and growth of shallow-water
gorgonian species of Puerto Rico. Mar Ecol Prog Ser 69: 253—-260

Yoshioka PM (1994). Size-specific life history pattern of a shallow-water gorgonian. J Exp Mar Biol Ecol
184:111-122

Yoshioka PM (1998). Are large colonies a "key factor" in the dynamics of gorgonian populations? Rev
Biol Trop 446: 137-143

4

Zabala M, Ballesteros E (1989). Surface-dependent strategies and energy flux in benthic marine
communities or, why corals do not exist in the Mediterranean. Sci Mar 53: 3—-17

Zavodnik D, Pallaoro A, Jaklin A, Kovaci¢, Arko-Pijevac M (2005). A benthos survey of the Senj
Archipelago (North Adriatic Sea, Croatia). Acta Adriat 46: 3-68

Zenetos A, Siokou-Frangou |, Gotsis-Skretas O, Groom S, (2002). Seas around Europe: the Mediterranean
Sea: blue oxygen-rich, nutrient-poor waters. Europe's biodiversity: biogeographical regions and
seas. European Environment Agency: Copenhagen, Denmark

Zenetos A, Gofas S, Morri C, Rosso A, Violanti D, Garcia Raso JE et al. (2012). Alien species in the
Mediterranean Sea by 2012. A contribution to the application of European Union’s Marine
Strategy Framework Directive (MSFD). Part 2. Introduction trends and pathways. Mediterr. Mar.
Sci. 13, 328-352

References 134



Appendix A

Data sources used for mapping the distribution of coralligenous formations (C) and the yellow

gorgonian Eunicella cavolini (Ec)
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Appendix B

List of taxa recorded quantitatively or qualitatively in the coralligenous assemblages of the studied sites, and their

current conservation status. 1. Ag. Vasso, 2. Lefteris, 3. Nemessis, 4. Spilia, 5. Ambellos, 6. Palios, 7. Kalloni.

Taxa

Kingdom Chromista (BaciAelo Xpwpiotd)
Phylum Ochrophyta (®UAo Qxpoduta)

Dictyota implexa
Dictyota dichotoma

Mucilagenous algae indet

Kingdom Protozoa (BagiAeto Npwtdlwa)
Phylum Foraminifera (VAo Tpnpatodpopa)

Miniacina miniacea

Kingdom Plantae (BaciAeio Qutd)
Phylum Chlorophyta (®UAo XAwpodukn)

Caulerpa cylindracea

Codium bursa

Codium effusum

Cladophora pellucida
Flabellia petiolata

Halimeda tuna
Pseudoclorodesmis furcellata

Valonia macrophysa

Phylum Rhodophyta (®dUAo PoSodukn)
Acrodiscus vidovichii

Acrosymphyton pururiferum
Amphiroa rigida

Laurencia chondrioides
Lithophyllum stictaephorme / cabiochiae

Mesophyllum alternans
Neogoniolithon mamillosum

Peyssonnelia rosa-marina
Peyssonnelia rubra / bornetii

Peyssonnelia squamaria
Sebdenia dichotoma
Sphaerococus coronopifolius

Womersleyella setacea

Kingdom Animalia (BaoiAslo Zwa)
Phylum Porifera (OUAo Inéyyour)

Acanthella acuta
Agelas oroides

Aplysilla rosea

Authority Conservation Status

(Desfontaines) J.V.Lamouroux

(Hudson) J.V.Lamouroux

(Pallas, 1766)

Sonder A
(Olivi) C.Agardh

(Rafinesque) Delle Chiaje

(Hudson) Kutzing

(Turra) Nizamuddin

(J.Ellis & Solander) J.V.Lamouroux

(zanardini) Bgrgesen

Katzing

(Meneghini) Zanardini
(J.Agardh) Sjostedt
J.V.Lamouroux
Bgrgesen

(J.E. Areschoug) Hauck / (Boudouresque
& Verlaque) Athanasiadis

(Foslie) Cabioch & M.L.Mendoza 0O/b,c
(Hauck) Setchell & L.R.Mason O/c
Boudouresque & Denizot O/c

(Greville) J.Agardh / Boudouresque &
Denizot)

(S.G.Gmelin) Decaisne
Berthold
Stackhouse

(Hollenberg) R.E.Norris A

Schmidt, 1862
(Schmidt, 1864)
(Barrois, 1876)

Site

1,3,4
3,4,6
3,4,5,6,7

2,3

6,7
3,6,7

2,3

1,2,3,4
1,3,4,6
1,2,3,4,5,6
3,4

1,2,3,4

3,46
6
3
6

1,2,3,4,6

1,2,3,4,5,6,7
1,2,3,4,5,6
1,2,3,4,6
1,2,3,4,6,7
1,2,3,4,5,6,7
6

1,3,4

3

1,6,7
1,2,3,4,5,6,7
7

Aplysilla sulfurea Schulze, 1878 1,2,3,4,6,7
Aplysina aerophoba (Nardo, 1833) BC/Il; O/a 3,4,6,7
Axinella cannabina (Esper, 1794) BC/II 1,6,7
Axinella damicornis (Esper, 1794) 1,2,3,4,5,6,7
Axinella verucosa (Esper, 1794) 1,2,4,5,6,7
Axinyssa aurantiaca (Schmidt, 1864) 6
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Axinyssa digitata (Cabioch, 1968) 7
Cacospongia molior Schmidt, 1862 6
Calyx nicaeensis (Risso, 1826) O/a 6,7
Chondrosia reniformis Nardo, 1847 2,4,6,7
Clathrina clathrus (Schmidt, 1864) 2,7
Cliona celata Grant, 1826 1,6
Cliona schmidtii (Ridley, 1881) 2,3,4,6
Cliona viridis (Schmidt, 1862) 1,3,4,6,7
Coscinoderma sporadense Voultsiadou-Koukoura, van Soest & 6
Koukouras, 1991

Crambe crambe (Schmidt, 1862) 1,2,3,4,6,7
Crella (Grayella) pulvinar (Schmidt, 1868) 4,6,7
Dendroxea lenis (Topsent, 1892) 1,2,6,7
Diplastrella bistellata (Schmidt, 1862) 6
Dictyonella incisa (Schmidt, 1880) 1,3,4,6,7
Dysidea fragilis (Montagu, 1814) 1,2,6,7
Dysidea avara (Schmidt, 1862) 1,6
Fasciospongia cavernosa (Schmidt, 1862) 1,6,7
Geodia cydonium (Jameson, 1811) BC/lI 7
Halichondria sp. 1
Haliclona (Halichoclona) fulva (Topsent, 1893) 1,2,4,6,7
Haliclona (Soestella) mucosa (Griessinger, 1971) 1,2,3,5,6
Hemimycale columella (Bowerbank, 1874) 6,7
Hexadella racvitzai Topsent, 1896 1,2,3,4,5,6
Ircinia oros (Schmidt, 1864) 1,3,4,6,7
Ircinia paucifilamentosa Vacelet, 1961 4
Ircinia variabilis (Schmidt, 1862) 1,4,6,7
Merlia sp. 45,6
Oscarella imperialis \'\//Iauc:ailcgt’, i(;t;g/-Esnault, Bézac & 2,6
Penares euastrum (Schmidt, 1868) 7
Penares sp. 6
Petrosia (Petrosia) ficiformis (Poiret, 1789) O/a 1,2,3,6,7
Phorbas fictitius (Bowerbank, 1866) 6
Phorbas tenacior (Topsent, 1925) 1,2,6,7
Plakina sp. Schulze, 1880 2
Pleraplysilla spinifera (Schulze, 1879) 6
Sarcotragus foetidus Schmidt, 1862 BC/II 1,3,4,6,7
Sarcotragus spinosulus Schmidt, 1862 2,6,7
Spirastrella cunctatrix Schmidt, 1868 1,2,3,4,5,6,7
Spongia (Spongia) officinalis Linnaeus, 1759 BC/Ill; Bern/Ill 6
Spongia (Spongia) virgultosa (Schmidt, 1868) 6
Suberites carnosus (Johnston, 1842) 7
Suberitidae Schmidt, 1870 7
Terpios gelatinosa (Bowerbank, 1866) 6
Tethya aurantium (Pallas, 1766) BC/Il; O/a 7
Phylum Cnidaria (®UAo Kvisoiwa)
Antennella secundaria (Gmelin, 1791) 5,6
Balanophyllia (Balanophyllia) europaea (Risso, 1826) CITES II; IUCN/DD 6
Caryophyllia (Caryophyllia) inornata (Duncan, 1878) CITES/Il 1,2,3,4,6,7
Cerianthus membranaceus (Spallanzani, 1784) 3,6
Cladocora caespitosa (Linnaeus, 1767) ?Sél:\] /?:;Eé/;:
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Eudendrium spp. Ehrenberg, 1834 3,4,6,7
Eunicella cavolini (Koch, 1887) IUCN/NT 1,2,3,4,5,6,7
Eunicella singularis (Esper, 1791) IUCN/NT 5,7
Hoplangia durotrix Gosse, 1860 CITES/Il 2,4,6
Leptopsammia pruvoti Lacaze-Duthiers, 1897 CITES/Il 1,2,3,4,5,6
Madracis pharesnsis (Heller, 1868) CITES/Il; IUCN/LC 1,2,5,6
Paracyathus pulchelus (Philippi, 1842) CITES/Il 1,2,4,6
Parazoanthus axinellae (Schmidt, 1862) O/a 1,2,3,4,5,6,7
Penaria disticha Goldfuss, 1820 7

Phyllangia americana mouchezii (Lacaze-Duthiers, 1897) CITES/Il; O/a 2,3,6,7
Polycyathus muellerae (Abel, 1959) CITES/Il 1,2,6,7
Phylum Platyhelminthes (DUAo NMAatuéApvOeg)

Prostheceraeus sp. 6
Pseudoceros maximus Lang, 1884 6

Phylum Annelida (DUA0 AakTUALOGKWANKEG)

Class Polychaeta (KA&on MoAuxattor)

Bispira volutacornis (Montagu, 1804) 1,3,6
Eupolymnia nebulosa (Montagu, 1819) 6,7
Filograna / Salmacina Berkeley, 1835 / Claparéde, 1870 1,2,3,4,5,6,7
Hermodice carunculata (Pallas, 1766) 3,4,5,6,7
Myxicola infundibulum (Montagu, 1808) 1,2,3,6
Protula tubularia (Montagu, 1803) 5,6

Sabella pavonina Savigny, 1822 3

Sabella spallanzanii (Gmelin, 1791) 3,7
Spirobranchus triqueter (Linnaeus, 1758) 4

Serpula vermicularis Linnaeus, 1767 2,6,7

Serpulidae

1,2,3,4,5,6,7

Class Echiura (KAdon Exioupa)

Bonellia viridis Rolando, 1821 6,7
Bryozoa (®UAo Bpudiway)
Adeonella spp. 2,3,4,7
Beania magellanica (Busk, 1852) 3,4,6
Bugula spp. 2,3
Cellaria sp. 3,4
Caberea boryi (Audouin, 1826) 3
Hornera frondiculata (Lamarck, 1816) 3,4,5,6,7
Reteporella grimaldii (Jullien, 1903) 1,2,4
Rhynchozoon neapolitanum Gautier, 1962 1,2,3,4,5,6,7
Schizomavella (Schizomavella) mamillata (Hincks, 1880) 1,2,3,4,6,7
Schizoporella errata (Waters, 1878) 7
Schizoretepora serratimargo (Hincks, 1886) 3,4,5
Schizoretepora sp. 4
Scrupocellaria sp. 6
Smittina cervicornis (Pallas, 1766) 3,4
Phylum Mollusca (®UAo MalAdxkia)
Class Gasteropoda (KAdon Foteponoda)
Calliostoma zizyphinum (Linnaeus, 1758) 6
Caloria elegans (Alder & Hancock, 1845) 6
Cratena peregrina (Gmelin, 1791) 6,7
Dondice banyulensis Portmann & Sandmeier, 1960 6,7
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Felimare picta (Schultz in Philippi, 1836) 6
Felimare tricolor (Cantraine, 1835) 4,6
Felimida luteorosea (Rapp, 1827) 2,3,6
Flabellina affinis (Gmelin, 1791) 6,7
Flabellina ischinata Hirano & Thompson, 1990 6,7
Flabellina rubrolineata (O'Donoghue, 1929) A 7
Haminoea cyanomarginata Heller & Thompson, 1983 6
Janolus cristatus (Delle Chiaje, 1841) 6
Jujubinus exasperatus (Pennant, 1777) 7
Peltodoris atromaculata Bergh, 1880 1,6,7
Phyllidia flava Aradas, 1847 6
Simnia spelta (Linnaeus, 1758) 3,4
Thuridilla hopei (Vérany, 1853) 2,3,4,5
Thylacodes arenarius (Linnaeus, 1758) 6,7
Tritonia nilsodhneri Marcus Ev., 1983 2
Umbraculum umbraculum (Lightfoot, 1786) 6
Class Bivalvia (KAdon AiBupa)
Lithophaga lithophaga (Linnaeus, 1758) BC/H;I_BIS;%!“O(;SES/“; 6
Ostrea sp. 6
Pinna nobilis Linnaeus, 1758 Bcg';a'jzévé#lcg'g 1V Uy
Pteria hirundo (Linnaeus, 1758) 6
Rocellaria dubia (Pennant, 1777) 3,6
Class Cephalopoda (KAdon KedpaAonoda)
Loligo sp. eggs 6
Octopus vulgaris Cuvier, 1797 6,7
Phylum Arthropoda (®dUAo ApBponoda)
Subphylum Crustacea (YrtodpUAo Kapkivoeidn)
Galathea strigosa (Linnaeus, 1761) 6
Maja squinado (Herbst, 1788) BC/IIl; Bern/lll; O/a 6
Palinurus elephas (Fabricius, 1787) ?L(j/clll\:'/\?LeJtrgl/lalu’ 6,7
Scyllarides latus (Latreille, 1803) BC/I; Iair’::;:)”é HD/V; 6
Stenopus spinosus Risso, 1827 6
Phylum Echinodermata (DUAo Exwvodeppa)
Antedon mediterranea (Lamarck, 1816) 3,4,5,6
Hacelia attenuata Gray, 1840 O/a 1,3,4,5,6,7
Holothuria (Panningothuria) forskali Delle Chiaje, 1823 7
Holothuria (Platyperona) sanctori Delle Chiaje, 1823 7
Ophidiaster ophidianus (Lamarck, 1816) BC/Il; Bern/Il; O/a 2
Paracentrotus lividus (Lamarck, 1816) BCI/LIJ'CE‘;:/an ; 7
Peltaster placenta (Muller & Troschel, 1842) 3,4,5
Sphaerechinus granularis (Lamarck, 1816 6
Stylocidaris affinis (Philippi, 1845) 6
Phylum Chordata (DUAo Xopdwtd)
Subphylum Tunicata (Yo UAo Oupoxopdwtd A Xitwvolwa)
Class Ascidiacea (KAdon Aokibia)
Aplidium elegans (Giard, 1872) 1,2
Clavelina dellavallei (Zirpolo, 1825) 1,2,3,4,7
Clavelina lepadiformis (Maller, 1776) 7
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Cystodytes dellechiajei (Della Valle, 1877) 7
Didemnum maculosum (Milne Edwards, 1841) 7
Didemnum spp. 7
Diplosoma spongiforme (Giard, 1872) 7
Halocynthia papillosa (Linnaeus, 1767) 1,2,3,4,5,6,7
Lissoclinum perforatum (Giard, 1872) 2,7
Microcosmus sabatieri Roule, 1885 6
Polysyncraton lacazei (Giard, 1872) 6
Pyura dura (Heller, 1877) 7
Subphylum Vertebrata (YropUAo ZrovSuAwtad)

Class Actinopterygii (KAdon Aktvorntepuytor)

Anthias anthias (Linnaeus, 1758) 2,3,4,5,6
Chromis chromis (Linnaeus, 1758) 1,4,7
Conger conger (Linnaeus, 1758)

Coris julis (Linnaeus, 1758) 3,6,7
Dentex dentex (Linnaeus, 1758) 6
Diplodus puntazzo (Walbaum, 1792) 7
Diplodus sargus sargus (Linnaeus, 1758) 4,6,7
Diplodus vulgaris (Geoffroy Saint-Hilaire, 1817) 3,6,7
Epinephelus costeae (Steindachner, 1878) IUCN/DD 3,7c
Epinephelus marginatus (Lowe, 1834) BC{UES/EEE/H" 6,7
Gobius auratus Risso, 1810 2
Gobius vittatus Vinciguerra, 1883 6
Labrus mixtus Linnaeus, 1758 5
Labrus viridis Linnaeus, 1758 6,7
Muraena helena Linnaeus, 1758 2,6
Oblada melanura Linnaeus, 1758 7
Phycis phycis Linnaeus, 1766 4
Sarpa salpa Linnaeus, 1758 7
Sciaena umbra Linnaeus, 1758 BCI/JES/E\;E/H’ 3,6
Scorpaena notata Rafinesque, 1810 3
Scorpaena scrofa Linnaeus, 1758 1,2,4,6
Seriola dumerili (Risso, 1810) 6
Serranus cabrilla (Linnaeus, 1758) 3,6,7
Serranus scriba (Linnaeus, 1758) 6,7
Sparus aurata Linnaeus, 1758 6,7
Spicara smaris (Linnaeus, 1758) 3,4
Spondyliosoma cantharus (Linnaeus, 1758) 3,6,7
Symphodus mediterraneus (Linnaeus, 1758) 6
Symphodus melanocercus (Risso, 1810) 6
Thorogobius ephippiatus (Lowe, 1839) 6
Tripterygion delaisi Cadenat & Blache, 1970 6
Zeus faber Linnaeus, 1758 6

BC: Barcelona convention — Il: Annex of endangered or threatened species, lll: Annex of species whose exploitation
is regulated. Bern: Convention on the conservation of european wildlife and natural habitats — Il: Annex of strictly
protected fauna species, Ill: Annex of protected fauna species. CITES: Convention on International Trade in
Endangered Species of wild fauna and flora, 1973, Council Regulation (EC) No 338/97 — IlI: Species of Annex Il. HD:
Habitats Directive 92/43/EE on the conservation of natural habitats and of wild fauna and flora — IV: Animal and
plant species of community interest in need of strict protection, V: Animal and plant species of community interest
whose taking in the wild and exploitation may be subject to management measures. IUCN: The IUCN Red List of
Threatened Species-— DD: Data Deficient, NT: Near Threatened, VU: Vulnerable, EN: Endangered. O: Oceana list of
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threatened species (2009) — a: Species that are regionally threatened and included in regional or national lists, b:
Species wholse protection is recommended by experts, c¢: Species that require protection due to their fragility or

role as essential habitat creators. PD 67/1981: Greek Presidential Decree for the protection of wild flora and fauna.
A: Allochthonous.

Appendix B 150



Appendix C

S1 File | doi:10.1371/journal.pone.0126253.s001.

Pairwise comparisons of Eunicella cavolini population density and colony height at different sites.

Table A. Pairwise comparisons of Eunicella cavolini population density between different sites.

Density
Region Locality Sites t p-value Unique perm.
NW Mediterranean Marseille Jarre, Castelvieille 8.2771 0.0001* 9234
Jarre, Pharillons 8.491 0.0001* 8969
Castelvieille, Pharillons 1.0518 0.3025 2836
NW Mediterranean Scandola Palazzinu, Gargallu 0.82342 0.4139 9815
Palazzinu, Imbuttu 0.4661 0.6432 9811
Gargallu, Imbuttu 0.36442 0.7144 9831
CE Adriatic Kornati Obrucan, Balun 1.1748 0.241 9834
Obrucan, Mana 1.4715 0.1461 9793
Balun, Mana 2.5824 0.0124* 9806
CE Adriatic Rogoznica Smokvica, Planka 0.12852 0.8986 8611
N Aegean Pelio Ag.Vasso, Lefteris 0.99359 0.3308 6946
N Aegean Chalkidiki Ambelos, Nemesis 4.7324 0.0001* 5087
Ambelos, Spilia 7.6613 0.0001* 3348
Nemesis, Spilia 1.8253 0.0688 6718
N Aegean Lesvos Palios, Kalloni 4,9877 0.0001* 6517
*Statistically significant difference (p<0.05).
Table B. Pairwise comparisons of Eunicella cavolini colony height between different sites.
Height
Region Locality Sites t p-value Unique perm.
NW Mediterranean Marseille Jarre, Castelvieille 5.5745 0.0001* 9815
Jarre, Pharillons 1.8146 0.0712 9822
Castelvieille, Pharillons 2.5223 0.0126* 9846
NW Mediterranean Scandola Imbuttu, Palazzinu 3.2787 0.0012* 9825
Imbuttu, Gargallu 2.7148 0.0074* 9836
Palazzinu, Gargallu 5.6487 0.0001* 9844
CE Adriatic Kornati Mana, Balun 1.4603 0.1468 9824
Mana, Obrucan 7.3821 0.0001* 9824
Balun, Obrucan 7.4461 0.0001* 9835
CE Adriatic Rogoznica Smokvica, Planka 3.1893 0.0018* 9848
N Aegean Pelio Ag.Vasso, Lefteris 4.1543 0.0001* 9831
N Aegean Chalkidiki Ambelos, Nemesis 10.24 0.0001* 9844
Ambelos, Spilia 1.7248 0.0914 9822
Nemesis, Spilia 7.0881 0.0001* 9842
N Aegean Lesvos Palios, Kalloni 5.299 0.0001* 9821
*Statistically significant differences (p<0.05).
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Greek glossary of scientific terms

MwooApL EMLOTNHOVIKWV OpwV

A

Abiotic parameters / abiotic factors (ABlotikoi
napayovteg) — Ta mepLBAAAOVTLKA oTOLXELA (EKTOG
Twv {WVTAVWV 0pYyavIoUWYV) TTou cUVBEToUV éva
olkooLOTNUA, T.X. GWTLOUOG, TUTIOC UTIOCTPWOTOC,
aAatotnta, pevuota, Bepuokpaocia, OpemTika
OUOTATIKA.

Acclimatisation (EykAwpatiopog) — H alayn otn
ouunepldopa r otn ductoloyia eVvOC opyavioHoU we
avtidpaon otig aAAayEg Twv MEPLBAANOVTIKWV
ouVONKWV UTIO TIG omoleg LeL.

Adaptation (Mpocappoyn) — Kabe alayn otn doun,
oTLG GUCLOAOYLKEC AELTOUPYIEG, 1] OTNn cuumepLdopad
€VOC OPYQAVIOUOU TIOU TOV KAVEL KAAUTEPQL
TPOCAPHOCHEVO OTO TIEPIBAAAOV TOU Kal AUEAVEL TIC
TuBavotnteg emPBiwong Kat avamapaywyns LEow TG
dUaoLKAC emAOYNAG.

Adaptability / adaptive capacity (Auvatétnta
npooappoyng) — H duvatotnta mpocapuoyrg eVog
opyaviopol, mAnBuaopou, Blokowotntag
OLKOOUOTINUATOC O€ VEEG TIEPLPAANOVTLKEG CUVONKEC
TIOU UTopPEL va £xouv TtpokAnBel amo kamola
Slatapaén i LETABOAN TOU OLKOGUOTHATOC, OTIWG
ouppaivel pe tn otadlakn avénon tng Bepuokpaaciag
g Balacoac.

Ahermatypic corals (Mn-eppatumika } acuvepya
KopAAAia) — KopdAAia mou Sev cupfailouv otn
Snuoupyia kopariioyevwv udaAwv.

Allochthonous, exotic, non-native species
(AAAOXOOVO, EEWTLKO, ELCAYOLEVO, Lh-auTOXOovVo
€ldo¢) — Ei60og o onolio epdaviletal os Eva
olkooUoTnua f o€ pia yewypadlkn epLOXn ou
BplokeTal MEpav TwWV 0piLwV TNG LOTOPLKNAG
YewypadLKAG TOU Katavounc. H mapouacia evog
aAAGxBovou eiboug o pia véa meployr Unopsei va
odeihetal oe puaoika (rm.x. Baldooia pevpata) f
avBpwroyevn aitia (m.x. vavaouthoia,
USATOKOAALEPYELEG, K.A.TL.). ITNV MEPLMTWON TIOU TO
aAAOXBovo el80¢ KatadEpel va eTIPLWOEL,
eykataotadel kat avamnapayxbei oto véo meplBaiiov,
Uropel va eTUPEPEL APVNTIKEG OLKOAOYLKEG CUVETIELEG
oToU¢ TANOUGHOUC TwV aUTOXBoVWY ELSWV Kal OTOUG
HUNXAVIOPOUG AELTOUPYLAC TWV OLKOCUGTNUATWY Ta

£(6n auta xapaktnpilovral wg "EtoPoAkd idR" —
"Invasive species".

Anthropogenic (AvBpwmnoyevég) — Auto Tou
T(POEPXETAL aTtd avOpwILVeEG SpOOTNPLOTNTEG.

Arborescent (Aevdpoeld£g) — AuTO Ttou mapouaLAleL
Stakhadwoelc.

Assemblage / species assemblage (2uvaBpotion nj
ouvelpeon / ouvdBpolon fj cuvelpeon ldwv) — H
ULKpOTEPN AELTOUPYLKN BloKoLvoTIKN povada. H
ocuvaBpolon Umopel va eivat £kdpaon
QVOTAPAYWYLKWY TIPOTUTIWY, KOWWVIKAG
ouUTEPLDOPAC, 1) ATTOTEAEGLO TN ATIOKPLONG TWV
opyaviopwy oe SladopEg Tou evdlattiparog /
OLKOTOTIOU KOl OE NUEPNOLEG I ETIOXLOKEG
nieptBarhovtikeg aAAayEG.

Asexual / vegetative reproduction (Ayevrg /
BAaoTnTKA avanapaywyn) — Avanapaywyn evog
opyaviopoU Tou yivetal wplg To oxnUaATIoNO
youetwy (BA. avt®. Sexual reproduction).

Benthos (B€vBog) — OL opyaviopoL TTOU €X0UV OTEVN
g€aptnon amnd to Bubo ({ouv Kat kKwvolvTal emi
(emBevOIka €ibn), evtog (evboBevOika €idn) N
mAnoiov (mapaBevOika i6n) Tou Bubou).

Bio-construction (BLo-otko80unon, BLo-KATACGKEUN))
— H dnuoupyia n dlapopdwaon evog eVOLALTAUATOC
ard ¢uTIkoug f {wikoUg opyavIoHoUG (TT.X.
KopaAAloyeveic Upalol).

Bio-constructors (Eién BLo-katackevaotég) — Ot
OPYOVLOUOL TTOU CUHUETEXOUV OTN dnuLoupyla
£VSLALTAMATOC, OTIWG Elval Ta KOPAAALOELSH
pobdodUKn, oL CTIOYYOL, TA EPUOTUTILKA KOPAAALQ, KoL
ta Bpuolwa (BA. kol Ecosystem engineers).

Biodiversity, biological diversity (BomowkiAdtnta,
BroAoyikn motkiAdTnTa) — H YEVETLKA, TOELVOLLKNA KO
OLKOAOYLKI) TIOLKIALOL 08 OAEG TLG XPOVIKEG KOL XWPLKEG
KA{LOKEG. 2TNV olkoloyia 0 6pog cuvnBwg
XPNOLUOTIOLE(TAL VLo VOl TIEPLYPAYEL TO CUVOALKO
aplBuo Twv dtadopetikwv eldwv mou {ouv ot pia
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OUYKEKPLUEVN YEWYPOPLKN TIEPLOXN I O€ £va TUTIO
OLKOTOTIOU.

Bio-erosion (BLo-8wappwon) — H taBpwon tou
UTIOOTPWLATOC TIOU TIPOKaAEiTaL amd tn dpdaon
OPYOVIOUWYV, OTWG TL.X. OO €L6n oToOyywv,
exwvodepuwy, moAuxaitwy, pakakiwv (BA. Erosion,
Weathering).

Bio-eroders (BLo-8Lappwtég, Statpntikoi
opyaviopoi) — Opyavicuol mou Slatpumouv f
Bpuppatifouv To UTGOTPWLA, TTPOKAAWVTAC £TOL TN
S1aBpwoan tou. TEtolol opyaviopol eival yla
napadelypa oL omoyyol tou yévouc Cliona, to
poAakio Lithophaga lithophaga (netpoocwAnvag), Kat
OpLOMEVA ELON axLVWV.

Biogenic formation (Bloyevr)¢ oxnuatiopog) — BA.
Biogenic substrate, Bioherm.

Biogenic substrate (Bloyevég unéotpwpa) — O TUTMOG
UTIOOTPWHATOG TTOU SnLoupyeital amo TiG anmoBEoeLg
BLoAoylkoU UALKOU, OTtwG OL OKEAETOL KAl TOL OCTPAKA
VEKPWV KoL {wVTOVWY 0PYAVICHWV.

Bioherm (Bloyevég avayAudo) — Yootpwa Tou
anoteAeital Kupiwg amnod BevOikd aomovduda (6mwg
T.X. pododUKn, KopAaAALa, poAdkia), KaBwc kat ilnua
1 MeETpWHOTA SLOPOPETLKAC TPOEAELONCG.

Biological cycle / life cycle (BoAoyikdg kUKAOG /
KUKAOG {wn¢) — To cuvolo twv SladopeTikwv
Blohoyikwv otadiwv | $AcEWV Tou TEPVA €Vag
0PYAVLOWOG KATA T Stapkela Tng {wng Tou.

Biomass (Blopada) — To cuvoAwko Bapog Tng
OPYOVLKNG UANG TTOU TIPOEPXETAL A0 {WVTAVOUG
opyaviopoU¢. uvnBwg uttohoyiletal we Enpod Bapoc.

Biotic environment (BLotiko nepiBaAov) — To
oUVOAO TwV BLOTIKWYV Ttapayovtwy (putd kat {wa)
Tou duaoikou neptBailovtog.

Biotope (BLotomog) — H mepLoxr|, 0 CUYKEKPLULEVOG
TOTOG N XWPOG OMOoU {EL KAL OVATIPAYETAL EVOLC
OPYAVLOWOG 1] Ta HEAN piag BlokowdtnTag. ZuvhBwg
adopd 0To APLOTIKO HEPOC TOU OLKOCUGTHUATOC (TT.X.
TUTOG UTIOOTPWHATOG, WKEAVOYPADLKA KL XN LKA
XOPOKTNPLOTIKA VePOU). Na tapddelypa o BLOTomog
Tou aotakoU (6ekamodo KapKIVoeLSEG) ival oL
BaAdooleg Bpaxwbelg MePLOXEC TTOU PEPOUV APKETEG
TPUMEC, evw 0 BLotomoc tou Paplol AUxvog ival ot
apuwdeLg Bubol.

Bloom (AvBion) — H amétopn avénon tg adBoviag
€vog elboug 1 moAAwv 6wV, cuvnBwg
HUTOMAQYKTOVLKWV OPYAVIOHWV.

Broadcast spawning species (Eién rou
aneAevOEPWVOUV YEVETIKO UALKO oTnV LSATIVN
otAN) — TUMo¢ e€WTEPLKAG AVOTTAPAYWYNG, KOTA TNV
omola yivetal tautoxpovn aneAeuBépwan BnAuvkwv
KOl QPOEVIKWY YOLETWY 1 OTIOpLwV 6TV USATLVN
otnAn (BA. Spawn).

Brooding species (Enwadov £idog) — EL6og mou
enwalel afyd. ITnV MEPIMTWON TWV KOPOAALWY, N
ETWOON Xwpiletal os: o) eowtePLKA (internal
brooding), 6mou n yoviuomnoinon Kat emwaon Twv
oBywvV YIVETAL EVTOG TWV CWUATIKWY KOWAOTATWY TOU
opyaviopou, kat B) e§wteptkn (external brooding),
OToU N eEMWaon Twv afywv yivetal €€w amo To cwua
TOU opyaviopou. Itnv e€wTteplkn enwaaon, ta afyd
evamnoBEtovtal otnv emdpAVELN TOU YOVIKOU CWHATOC
(ouvnBwE Tou UNTPLKOU), 0TO OTMoio cUYKpAToUVTOL
pe t BonBela PAEvvag. EvaANOKTIKA, KAmmola aAla
€16 aomovéulwy (6mwg ot omdyyol Kal ta KopaAALa)
eTUAEYOULV TNV e€WTEPLKA avamapaywyr LECW TNG
TouTtoxpovng arneAeuBepwaong BnAukwy Kat
OPOEVIKWYV YAUETWY oTnv udatvn otrAn (BA. Spawn,
Broadcast spawning species).

C

Calcareous (AoBeotwdeg / aaoBecTOAOLKO) —
OpYavIoUOC 1 UMOOTPWO TIOU AITOTEAELTAL ATIO
avBpakikod aoBéatio (CaCOs).

Calcareous algae / Coralline algae (EvacBeotwpéva
pakpodUkn / kopaAAoeldr) pakpodukn) —
MakpodUkn mou amobnkelouv avOpakikd acBEéotio
oto BaAAG Toug.

Carrying capacity (Dépouca tkavotnta) — H péylotn
SuvatoTnTa AVTOXNG TWV HNXAVIOUWY GUGLOAOYIKNG
Aettoupylag evog olkoouotripatog. O 6pog emiong
XPNOLUOTIOLE(TAL YLO VAl TIEPLYPAYEL TO PEYLOTO
QVWTEPO OpLO 0TO UEYeBOG evOG MANBUGUOU, Kat
koBopiletal anod tn Siabecon tpodng, TNV mapouvacia
Bnpeutwy, 1 AAAWV TIEPLOPLOUWYV TOU EVSLALTILATOC.

Climate change (KAtpatiki aAAayn) — H petaBoAn
TOU KALUATLKOU TIPOTUTIOU GE TOTILKI f TTOYKOOULAL
KAlpoka, n omola oxetiletal dueoa i EUUeca Ue
avBpwroyeveic paoTnpPLOTNTEG OV EMNPEGIOLV TN
olVBeon TNG MayKOouLoG atpoodaipag, KabBwg Kat pe
™ ¢uokn Stakvuavon tou KAlpartog.

Coelenteron (Kot\évtepo) — H cwpatikr Kototnta
TWV KVISOTWWV.

Colony (Amotkia) — Xwplkd eudLakpltog mAnBUopOG A
uronAnBuopog evog eldouc.
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Colonial / Clonal species (Amowkiakad €ién) — Eidn
TIOU avamtuooovTal o€ Hopdn OMOLKIG YEVETIKA
TLAVOLLOLOTUTIWY OPYAVIOUWY 1 KUTTAPWY HECW
ayevoug 1 BAOCTLTIKAG avamapaywync, Omwe yla
mapadeLypa oL yopyovieg Kat ot omoyyol (BA. cuvwy.
Modular).

Community (Biokowotnta / Kowvdtnta) — To cUvoAo
TWV PUTIKWY Kol {WIKWV 0PYOVLOUWV TIOU
GUVUTIAPXOUV Of pia meployn ) o éva BLdtomo Kot
aAANAETISpOUV PeTaf TOUG HEOW TPODLKWV KaL
XWPLKWV oXEcEWV — To BLOTIKO HEPOG TOU
OLKOOUOTNLATOG.

Competition (Avtaywviopog) — O Tumog
aAAnAenidpaonc petaty dU0 1 MEPLOCOTEPWV
OPYQAVLOUWY TIOU eKUETAAAEVOVTAL KOWVOUG HUGLKOUG
TOPOUG, OTNV MPOCTIAOELA ATTOKTNGNG TWV OTOlWV 0
£V0IC OpyavIoUOG BAAmTeL ToV GAAOV. O aVTAYWVLIOOG
pmopet va cupPaivel avapeoa o dtopa Tou idlou
elboug (Ev60eL81kOG avtaywviopog — Intraspecific
competition), N avaueoa o€ dtopa StadopeTikov
€l6oug (ALaeldka¢ avtaywviopog — Interspecific
competition).

Conservation (Atatripnon) — Ot 5LadopeTIKES
avBpwroyeveig evépyeleg Kal Ta Beopka mAaiola
Tou otoxebouv otnv e€acdalion kat Slatrpnon Tng
KOANG arnddoong Kol CUVEXOUG AELTOUPYLOC TWV
OLKOOUOTNUATWY KOL TOU BLOKOGUOU ToU Ta
EMOLKILEL.

Coralligenous formations / coralligenous outcrops /
coralligéne / coralline reefs (KopaAAwyeveig
oXnuatiopoi) — Bloyeveig oxnpatiopol mou
QVarTUCooOoVTaL OE OKANPO UMOOTPWUO UTIO GUVONKEG
HELWUEVOU PWTLOHOU, HECW TNG amdBeong
avBpakikoU aoBeotiou amod Toug OKEAETOUC TWV
KopaAALoeldbwv pododukwv Kal AWV BevOikwv
opyaviopwy (0mwg ta KopaAALa, ta Bpuolwa, KAT).
MpOoKeLTaL YL VOV EVONLKO TUTIO OLKOTOTIOU TNG
Meooyeiou Tou SladEpel amo Toug KOPAAALYEVEI(S
UVDAAOUC TWV TPOTILKWV BAAACCWV WG PO TO OTL
avamntuoosTal KUplwg og Babla vepa omou
EMIKPATOUV EVTOVO PEUHATA KAl XAUNAEG EVIACELG
dwTtlopov. EmumAéoy, ot Baotkoi opyaviopot (BA.
Foundation species, Ecosystem engineers) Tou
SnuLoupyolV Toug KopaAALyYeVeic oxNUATIOMOUG TG
Meooyeiou gival katd kUpLo Aoyo ta KopaAAloeldn
pododuKn, KoL OXL T KOPAAALQ, Ta omoia cuvnBwg
Stadpapartifouv deutepeliovta polo.

Coralligenous banks / platform coralligenous
(KopaAAwyeveig oxnuatiopoi o€ popdn
mAatdoppag) — KopaAyeveic oxnuatiopot o
Hopdn ubaAwv ot omolotl meptBaAAovtal amnod Knto
UTIOOTPWHAL.

Coralligenous rims / coralligenous of the littoral rock
(KopaAAwyeveic oxnuatiopol wg MPoe{oXES BpaxwV)
— KopaM\yeveic oxnuatiopol mou avantiooovtal we
avayAudo avw oe PpaxwELG EPLOXEC.

D

Dominant Species (Kupiapxoa Eidn) — Ta £i6n mou
StaBétouv tn peyalutepn adBovia ) Blopdla os pia
Blokowotnta.

Degradation (YrmoBa0Ouion) — H andomnoinon tg
SOUNC KL TWV AELTOUPYLWV EVOG OLKOGUOTHLOTOC KalL
N Helwon tg BLOMOLKIAGTNTAG IOV TipokaAouvTaL
amnd dwatapatels (BA. Biodiversity, Disturbance) n
ocuxvotnta r/kat n cpodpotnTa Twv onoiwv dev
ETUTPEMEL TNV avakaun Tou olkoouotrpatog. H
uroBaduLon oTadlaKA HELWVEL TNV OPAYWYLKOTNTA
KOLL TNV OLKOAOYLKI) OKEPALOTNTA TWV
OLKOGUOTNUATWV.

Disturbance (Awatdpagn) — H anotopun alayn Twv
dUGLKWV Kal BLOTIKWY TTOPAYOVIWV EVOG
OLKOOUOTILOTOC TTOU ETILPEPEL LEPLK | GNUOVTLIKA
OLKOAOYLKN HETaBOAN, emnpedlovtag tn MoKIAOTNTA,
™ Sour Kat T Aeltoupyieg Twv mAnbuouwy,
BlokowvoTATWY Kal olkoouoTnpatwy. H Statapaén
umnopet va opeiletal oe dpuoikd aitia, OMwe N mTwWon
£VOG Bpaxou, f og avBpwroyevn aitia, omweg n pidn
unalwv oto BuBo ota MAaioLa EKTEAECNC TTAPAKTLWY
£pywv.

E

Ecological status (OwkoAoyikr katdotacn) — H
a€LoAOYyNoN TNG ASLTOUPYLOC EVOG OLKOGUOTHUATOC
NG uyeiag evog mAnBuopou Baocel SelkTwv
TeEPLYPadC CUYKEKPLUEVWYV BLOTIKWY KO OBLOTIKWY
napapétpwy (BA. Reference conditions).

Ecosystem (OwocuUotnua) — Mia opyavwpévn Kat
QUTOPPUBULLOUEVN EVOTNTA ABLOTIKWY OTOLXELWV Kal
£UBLWV OVIWVY TIOU GUVUTIAPXOUV OTO XWPO,
oAANAemSpoUV HeTafL TouC Kal OVTAAAAGGOUV UALKA
1 mAnpodopieg e kwntipla Suvapn TNV EVEPYELA.

Ecosystem Based Management Approach
(Owocouotnuikn NMpooéyylon Ataxeipiong
NepBAaAAovtog) — ALaXELPLOTIKI TTPOGEYYLON TIOU
B£1eL we BAcon TO OLKOCUOTNUA WE GUVOAO, Kal OxL
UEUOVWHEVO ETUHEPOUC CUCTATIKA TOU (OMwG éval
€l60¢-010)0¢).

Ecosystem engineers (Mnxavwoi tou
olkoouotipatog) — Opyaviopol mou «xtilouv» To
olkoolUotnua, nAadn dnuoupyouy, dlapopdpwvouv
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KOl CUVTNPOUV Ta GUGCLKA OTOLXELD TWV
evllatnuatwy. Xwpifovtat otoug a) AANoyeveig
HNXavikoUg Tou otkoouotnuatog (Alogenic
ecosystem engineers), oL omtoiot Stapopdwvouy Kot
npokaAoUv aAayEG oto UKo TieplBANAOV PEow
HNXaVIKAG Spaoctnplotntag (onwg sivat ot
netpoowAnveg Lithophaga lithophaga mou
Slatpumouv To okAnpo UTIOCTPWHA), KoL oToug B)
Autoyeveig punxavikoug nieptBailovrog (Autogenic
ecosystem engineers), j aA\Lwg I6pUTIKA €8N
(Foundation species) tou dlapopdwvouv Kat
nipokahoUv aAAayEG oTto UKo TtepLBAAAOV Aoyw
™G Hopdng Toug (Omwg eival Ta pakpodUKn Tou
Yévoug Cystoseira ou dp€pouv UKVO GpUAAWHA, T
E€PUATUTILKA KOPAAALO TTOU Snptoupyouv udaloug, ot
€vtova SLoKAOSLOUEVEC YOPYOVIEG).

Ecosystem services (OLkOOUOTNULKEG UTtNPEGTLEG) —
Ta ayabd kat opéAn mou amokopilel o avOpwmog
and Tig Slepyacieg kat Aettoupyieg twv ducLkwv
OLKOOUOTNUATWV.

Egg (ABYO N wapto) — O BnAukdg yapétng, To BnAukd
YEVVNTIKO KUTTAPO.

Enclave (@UAakag) — H mapouaia evog tumou
Blokowvotntag eviog piag AAANG Blokowvdtntag os pia
nieploxn, Aoyw UTapéng pikpo-svdiattipatog (BA.
Microhabitat) mou mopxel KATAAANAEG cUVONKEG yLo
™V avantuén te. Mo mopadelyua, oL OKIEPES TPUTIEC
piog Bpaxwdoug okt mpoodEépouv KATAAANAEG
OUVONKEG yLa TNV avartuén oklopAwy
BlokolvoTATWY, AVAUESA OTLG KATA T AAa
dwTOPIAEG BLOKOLVOTNTEG TTOU AVATITUCCOVTAL OTLG
0pLlOVTLEG ETILPAVELEG TWV BPAXWV.

Encrusting (Kpouotwén) — Gutikot kat {wikol
OpPYOVLOLOL TTOU avanmTUooovVTaL WG KpoUoTa MAVW o€
Bpdyoug 1 aA\eg emudpavelec.

Endemic (Evénuikd) — Ei6og opyaviopou 1| Tomog
OLKOTOTIOU TIoU €€eAiXONKe KOl UTIAPXEL ATTOKAELOTIKA
0€ £VQ CUYKEKPLUEVO YEWYPOPLKO XWPO.

Erosion (AwaBpwon) — To cuvolo Twv SlepyacLwv
TIOU €XEL WG AMOTEAECUA TN oTadlakn anoclvBeon
TOU UTtooTpWHATOC. Mropei va mpokaAeitatl amnd
duaolkoug (m.x. Kupatlopde, pevpata) /Kot
Blohoylkou ¢ mapdyovteg (m.x. Sldtpnon n
BpupHATIONOC BloyevoUG UTIOCTPWHATOG OO Th
Spaon opyaviopwv). (BA. Bio-erosion, Substrate,
Weathering).

Evolution (E§€€AEn) — H alayn TnG YEVETIKNAG
ouvBeong evog BloAoyikol MANBUGUOU peTal
SladoxIkwy yevewv Tou umopel va odeiletal o aitia
onwcg n puoikn emthoyn, n Staotavpwaon PeTaly

VEVETIKA GUYYEVIKWY OTOUWYV, KOL OL YEVETIKEG
petalatelc (BA. Adaptation).

F

Facies (®daon) — H owkoloyikr kKatdotaon piag
BlokowvdTNTag 0TNV OMOoLA CUYKEKPLUEVEG BLOTIKES KOl
0BLOTIKEG CUVOARKEG EUVOOUV TNV ETMLKPATNGN EVOG
eldoug 1 piag pkprg opadag eldwv.

Fecundity (Mapaywylkotnta, avanopaywywKotnto)
— H kavotnta evog opyaviopol va mapayet
Qmoyovoug. — H péylotn duvatr) avomapoywyLlkn
arndboon evog atopou Katd tn Sldpkela ThG {wng
TOU. IXeTileTal KUPLWG LE TNV AVATIOPAYWYLKN
anddoon Twv BNAUVKWV atopwyv (Avtl. Stelpdtnra).

Fertility (Tovipotnta) — Tpomog LETpnong tng
QVaTaPAYWYLKN G armodoaong evog opyaviopol f evog
TANBUGUOU OE Uit GUYKEKPLUEVN XPOVLKI OTLYUN.
MEeTPLETAL WG 0 APLOUOC TWV ABYWVY i ATIOYOVWYV TTOU
TIAPAYEL £VAG OPYOVIOUOC | TANBUGUOG KOTA TN
gyyevn avanapaywyn (BA. Sexual reproduction) i o
apLBUOG TWV omoplwv N eKPAACTACEWY KATA ThV
ayevr avartapaywyn (BA. Asexual reproduction).
(AvtiB. Mn-yoviuotnta).

Fertilization (Fovipomnoinon) — H Stadikacia évwong
YOUETWY. Xwpiletal os: a) Ecwteptkn (Internal
fertilization) 6tav Aappavel xwpa HEGa GTO YOVIKO
owpa, kat B) E§wtepikn (External fertilization) otav
ol BnAukol KaL apoevikol yOUETEG EXOUV
aneAeuBepwOel amo To YoVIKO CWw KAl h
yovipomnoinon Aappavel xywpa otnv uddtivn oTAAn
(BA. ko Broadcast spawning species).

G

Gamete (Fapétng) — Avamapaywytko KOTTapo, To
Omol0 EVWVETAL e £vav AANO YAUETH yLO TO
OXNUATIOUO Tou LuywTn. Mapddelypa yapeTwy ivatl
Ta wapla Kot orepuatolwapla.

Gonad (Fovada) — Avamnapaywylkd opyoavo (wobnkn
1 OPXLC) TTOU TOPAYEL TOL OVATIAPAYWYLKA KUTTApa
(BA. Gamete).

Gonochoristic / dioecious species (FTovoxwptotiko /
Slowko €idog) — Eidog pe Stakpltd BnAukad kat
apoevika atopa (BA. avti®. Hermaphroditic species).

Good Environmental Status, GES (KaAn
NepBarrovtiki Katdotaon) — Katnyopia euvoikig
TePLBAAAOVTIKIG KATAOTOONG, OTIWG OUTH
kaBopiletal Baoel kpltnplwv TG Eupwmaikng
0bénylag 2008/56/EOK yLa tn OaAdoota STpatnyLkn.
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Gorgonian (Fopyovia) — Amtotklaka aveolwa
OKTOKTLWVWTNC ouppetpiag (Octocorallia) ta onoia
EKKPLVOUV OKEAETO TIOU TEPLEXEL TNV TIPWTELVN

yopyovivn.

H

Habitat (Evéiaitnpa, olkotonog) — O xwpog, Kat ta
oBLOTIKA/BLOTIKA XOPAKTNPLOTIKA atuToU, OTOV OTtoio
StaBLel éva eidog, mAnBuouog ) Blokowvotnta. Tuxva,
XpnolpomoLeital eVOANOKTLKA KAl 0 OpOG
“owkotomnog”, kupiwg oe MeptBarhovtikég O8nyieg TG
Evpwrnaikng Evwong kal o AleBveig Zuppaosig. Qg
“TUmol OKOTOMWVY” vooUVTaL SLAKPLTEC LOVASEC
XWpou mou opilovtal pe Bacn Kuplapxa afLotkd Kat
Blotikd (dutd kat {wa) otolxeia.

Habitat restoration (Anokatdotaon evéiattipatoc)
— Avakapn evog evELALTAUATOG TTOU £XEL UTIOOTEL
uroBaduion 1 €xeL kataotpadel.

Habitats Directive (O6nyia yia thv Npootacia Twv
Owotonwv) — H Eupwnaikn Odnyia 92/43/EOK mou
£€XEL WG aTOX0 TN SlaTAPNoN TWV GUGLKWY OLKOTOTWY
Kal TNG aypLlog xAwpidag kat mavidag.

Hard bottom substrate (2kAnp6 unéoctpwpa) —
YMOOTPWA TTOU QTIOTEAELTOL QIO CUUMOYEG UALKO.
Mropel va eivat dpuatkd (6mweg o Bpaxog), ) TexVNTo
(6mw¢ TO TOLUEVTO KaL TO HETAAND).

Hermaphroditic species (Eppadpdsdito €idog) — O
OpPYOVLOLOG TOU OTIOLOU TO KABE ATOUO TIEPLEXEL TO
BnAUKO KaL TO APOEVIKO QvVaTIapAyWYLKO cUCTNUA
(BA. avtiB. Gonochoristic species). O
epuodpoditiopnog ekdppaletal we a) Tavtdxpovog
£padpoSLTLIONOG e TTapAAANAN Tapaywyn YOUETWY
Sladopetikol duAou amo to iSlo dtouo, B)
Eppadpoditiopog pe aviiotpodr puAov n
ALodoxXIKOG EpadPOSITLORAG OTIOU O OPYAVLOMOG
TAPAYEL ApXLKA Lovo BnAukoUg (pwtoyuvia) R
apoevikoUG YaUETEG (mMpwTtavdpla) kal o kamoLa
ddaon tou kKUKAou TwnG To dUAO avtloTpEdeTal.

Hermatypic corals (Eppatunikd kopdAAia | cuvepyad
KopAAAia) — KopdAALa mou oxnuatilouv
KopaAAloyeveic upAAOUC OTLG BEPUEC TPOTILKEG
BaAacoeg tou mAavnTh.

Heterotroph (Etepdtpodoc) — Opyaviouog mou
e€aodalilel tpodr| (Bpemtikd kal evépyela)
KaTavaAwvovtag GAAOUG 0pyavIoHoUG  TA 0PYAVLKA
OUGCTOTLKA TOUG.

Indicator species (Eidog &eiktng) — Eidog mou umopet
va xpnolpomnoln el wg éupuecog deiktng meplypadng
KamoLag puoLkng Sltepyaciag r) CUYKEKPLUEVWV
nieptBaliovtikwy cuvBnkwy. Ta XapaKTnPLOTIKA EVOG
gidouc deiktn (6nwg n mapouacia, n adpBovia kat o
puBuog avamtuéng) Suvatal va ekdpalouv TNV
OLKOAOYIKI] KATAOTAON UEYAAUTEPWY OUASWV
opYyavIoUWV, piog Blokovotntag, rf Tou OLKOTOMOoU
plog meploxng, kat va mpoeLldomololv yla Thv
napoucia piag emikeipevng dtatapadng.

Invasive species (ELoBoALko €idog) — To €i6og mou
£xeL eloaxOel oe pia meploxn €€w amo ta yvwotd
vewypadLkd opla eEAMAWONG TOU, KAl TO OTolo €XEL
Katadépel va eykatactabei, va avanapayBel kat va
e€amAwOel £1¢ Bapog Twv autdxBovwy eldwv (BA.
Allochthonous species).

Iteroparity (MoAuyovia / Enavatokia) — Mpotumno
ovamapaywyrg Katd To onoio éva ei80¢ yevva
TIOAEG POpEC KATA TN SLdpKeLa Tou KUKAOU {whG Tou,
O€ Uia Oglpd SLAKPLTWV QVATIOPOYWYLKWY YEYOVOTWV
(BA. avtiB. Semelparity).

IUCN - International Union for the Conservation of
Nature and Natural Resources (AieBviig Evwon
Mpootaciag tng PVong) — MNaykdopLa
nieptBalovtiki opyavwaon mou 16puBnke to 1948 otn
FaAAla pe otdxo T Slatripnon Twv eldwv Kal tv
npootacia tng puong, kat ekdibeL tov Epubpo
KatdAoyo (Red List) Twv anelthoUpevwy 6wV Tou
KOGLOU.

K

Keystone species (OepeAwdeg €idog) — Eidog mou
ooKel évtovo éleyxo otn doun piag Blokowvotntag
HEOW TPODLKWY OAANAETLEPACEWY KOl OXL
anapaitnta Adyw auénuévng adpboviag.

L

Larva (MpovOudn) — To avwpLpo otddlo atov KUKAO
{wNG evog aomovbuAou, Kotd to omolo n popdoloyia
TOU opyaviopol cuvhnBwg StadEpeL onpavTIKA amd
™ popdoloyia Twv wppwyv otadiwv (BA. kat
Planula).

M

Marine conservation planning (GaAdaocclog
XWPOTAELKOG OXESLAOUOG) — ZUOTNLOTIKOG
OXEOLAOUOG e OTOXO TN Slatrpnon tou Baldoolou
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nieplBaiovtog kal tn Blwolpn Staxeiplon Twv
avBpwIoyevwV SpactnpLOTHTWY MOV TO EMNPEAIOUV.

Marine Protected Areas, MPAs (QaAdooleg
Npootateudpeveg Neploxeg, OMMN) — Nrewypadikd
KaoBoplopéveg Bahdoaoleg mepLloXEC Tou Bplokovtal
UTO KaBeoTw( pootaciag, e oToXo Tt BLwolun
Slaxeiplon f/kat anokatdotaon twv BaAdooiwy
BloAoytkwv Kot puoKWV OPwWV. EVtog twv oplwv
piag O, CUYKEKPLUEVEG AVOPWTTLVEG
Spaotnplotnteg (6nwce n aAleia) pnopet va
QIayoPEVUOVTAL f} VA UTTOKELVTOL O SLOXELPLOTIKOUG
TeEPLOPLOROUG.

Marine Reserve (@aAdoaolo kataduylo) — Katnyopia
Oaldoolog MNpootateuopevng Neploxng mou
npoodEpel o uPnAdtepo eninedo npootaciag. e
£€va Baldoaolo kataduylo anayopeletal KaOe
avBpwrvn Spactnplotnta ov adatpei katL amnod (n
anoppintel kATl 0T0) Baldoolo olkooUoTnUA.
MNapadelypa TETolwV SpaotnploTATwy lval n alteia,

n €€6puén A n aykupoBoAnaon.

Marine Strategy Framework Directive (Oényia yia
™V OaAdooLa ITPATNYLKA) — STPATNYLKT YLo ThV
npootacia kat Staxeipion tov Baldoaolou
niepBaAAovtog BaoeL tng O8nyiag 2008/56/EOK.
JtoxeVel otn Slatrpnon Twv Baldoolwv
OLKOOUOTNUATWY, OTNV Mpootacio Twv BoAdcolwy
duoKWV MOPWV, KaL oTNV Poaywyrn tng astpopou
xpnong twv Balacowv. Ita mAaiola tng Odnylag, Ta
Kpatn MéAn kaAoulvtal va ebapuocouy Ta
anapaitnTa LETPA WOTE Va EMLTUXOUV 1) va
Slatnproouv tnv KaAn NeptBarlovtiki Katdotaon
Twv BaAdoowwv udatwv tng EE €wg to 2020 (BA. Good
Environmental Status).

Mass mortality events, MMEs (Meplotatikd Hadlkng
Ovnootntag) — H Eadvikn kal amdtoun
BvnoluotnTa peydAou aplBol opyavIoUWY EVOG
MANBUGHOU 1 piag BlokovotnTag o pia epLloxn.

Model species (Ei60¢ povtélo) — Opyaviopog mou
XPNOLUOTOLELTAL WG LOVTEAO N TIPOTUTIO OE UEAETEG
BloAoyiag, puaclohoyiag kal cupnepldpopdc.

Microhabitat (Mikpo-gvéiaitnpa) — Eviaitnua
HIKPAC £KTAONC (GUVABWC UKPATEPO Tou 1m’) Tou
nieplBAAAeTOL OO £va eyaAUTEPNG EKTAONG
evélaltnua, 1m.x. oL TPUTEC TWV BpaywV ota pnxa
VEPQA, TA KAVAALX TwV OTIOYYWV N Ta KAAPLA TWV
YOPYOVLWV TIOU PO dHEPOUV ETUTTAEOV UTTOCTPWUO OF
TANBwWpA LOKPOPBEVOLKWY 0PYAVICHWV.

Modular organisms — ATowKLakol opyaviopot mou
VATV COOoVTOL LE TNV EMAVAANTITLKY Tapaywyn
TLAVOUOLOTUTIWY PEAwV i uTtopovadwv (modules),

OMWG Ta KAapLd evog dputou, oL ToAUTIOSEC TWV
QUMOLKLOKWV KopaAALWY Kot Ta {widla twv Bpuolwwy.
AV KoL KATTOLEG UTIOLOVASEG UTIOPEL O KATIOLO OTLY LA
VOl OTTOKOTIOUV QO TN YOVIKN amolkia, cuviBwg
UmopoUV va guvexicouv tig GucloloyLkEG Aettoupyieg
{wvtag aveéaptnta (BA. Colonial / Clonal species,
Ramet).

Monoecious species (Mdovowko €i50¢g) — Ztoug
QmoLKLakoUG Kat putikoug opyaviopoUs (BA. Colonial
/ Clonal species) novowko ovopdletal to £i6og oto
omolo ta OnAukd Kot apoevikd opyava Bpiokovtal o
Eexwplotd dtopa mavw otnv (dla anotkia, ) o
Eexwplota aven tou idou ¢utoL. Otav ta BnAuka
KOL 0pOEVIKA Opyava Bpiokovtal péoa ota iSta
ATOUQ, TOTE O OPYAVIOUOG OTTOKOAELTAL
eppadpoditog (BA. Hermaphroditic species).

o)

Ovary (Qo0rkn) — H BnAukr] yovada (BA. Gonad).

P

Passive suspension feeder (MaOntikog
awwpnuatodayoc) — Opyavioog Tou XpnoLUomoLel
BAévva n BAedapideg yla va mayldeVosl Ta pepidla
TPOodn ¢ mou awwpouvvtal oto vepod (BA. kal Suspension
feeder).

Perennial (MoAvetig) — Opyaviopdg mou et yla
napandvw amnd dVo xpodvia, o avtiBeon pe Toug
povoeTeig 1 Sletelg opyaviopoug.

Planula (MAavoula) — H BAedapidodopoc mpovuudn
TWV KVL8O{WwwV Ttou KLveltal eAsUBepa. H mAdvoula
teAkd eykabiotatal o€ pia KatdAAnAn empavela Kat
e€elloostal oe moAuToda (BA. Larva, Polyp).

Polyp (MoAumnodag) — To mpookoAAnuévo oTadLo
TwNG evog kvidOTwou. EXEL ULKPOOKOTILKO KUALVEPLKO
Il AoKOEL&EC oW IOV N piat dkpn Tou ivat
TIPOCAPUOCUEVN YLa VA TIPOOKOAAGTOL OTO
UTIOOTPWHA, KOl OTO aVTIBeTO AKpo PEPEL Eva oTopa
TO omolo MEPLBANAETAL ATO AKTWVWTA SLATETAYUEVEG
Kepaieg yLa tTn cUAANYN TPodNC.

Population (MAnBuopdg) — O\a ta dtopa evog eidoug
Tiou {oUV OE Uia CUYKEKPLUEVN TIEPLOXNA KoL
Bplokovtal o OXETLKN AMOUOVWON Ao AAAa ATopa 1)
OUAdeg aTOUWY Tou (8Lou eidouc.

Population dynamics (Auvapiki mAnuopou) — To
oUVOAO TWV MOCOTIKWY UETABOAWV VO TAnBUGOU
OTO XPOVO, oL omoieg oxetifovtal pe Tov aplOpd Twv
QTOUWV TIOU TPOOTIOEVTAL HECW YEVVAOEWV Kall
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EMOLKLOMOU, KOL TOV aplOO TWV ATOUWY TIOU
amopakpuvovtal HEow Bavatwong Kat
LETOVAOTEUONG.

R

Ramet (Ave§aptnto péAog KAwvou) —Eva GTtopo Tou
TIPOEPXETAL ATIO ATOLKIOl YEVETIKA TTOVOUOLOTUTIWY
0PYQAVLOPWY, OTIWG yLa TapAdeLya o toAumodog
piog yopyoviag i evoc eppatumikol kopaAAoU (BA.
Colonial / Clonal species, Modular).

Recruitment (Evowpdtwon, veosloboyn) — H
EVOWUATWON Hiag VEAG NAKLOKAG KAAONG Og évav
evnAlko mAnBuopo, Stadikacia ou elval anapaitntn
yla TV avavéwan Kal Blwaopdtnta tou mAnbuopol
€VOC eldoug.

Recruitment success (Emttuyia evowpdtwong) — O
£TN0L0C APLOUOC TWV VEAPWY ATOUWY TIOU
KatapEpvouv va eykataotabolv Kal va
evowpatwboLV atov eviAlko MANBuouO.

Reference conditions (ZuvOrkeg avadopadg) —
JUYKEKPLUEVEC PAOELG/KATAOTAOELG EVOC
BlohoytkoU/puokol TOpou A EVOG EVSLALTAUOTOG
TIOU XPNOLUOTOLOUVTAL yLa TNV 0€LOAGYNCN TOU.
TuTKk@, oL cuvBrKkeg avadopdg npoadlopilovtal
Baoel SelkTwv MePLypadrG IOV TPOEPXOVTAL ATO
ETILOTNHOVIKA TIPWTOKOAAA 1)/Kat povtéha (BA.
Ecological status).

Reproduction (Avanapaywyn) — (BA. Asexual /
vegetative reproduction kai Sexual reproduction).

Reproductive effort (Avanapaywyiki npoondaOeia)
— O TPOTOC KaL 0 XpOVOG LIE TOV OTlolo €vag
OPYQAVLOOG KATAVEWEL TNV EVEPYELD TOU TIPOC OdeA0G
NG AVamapaywync, £T0L WOTE VO CUVELOPEPEL TAL
HEYLoTa OTIC HEANOUOEG YEVLEG KaL va e€aodaliosl T
Sk Tou peAovtikn emBiwon. O 6pog
CUUMEPNAUBAVEL TO GUYXPOVIOUO TNG
avanapaywyns (amlotokia f emavatokia) os oxéon
He ta urtdAouta otadia tou Blodoyikol KUKAOU, TN
oxéon nAiag | cwuatikoL peyéBoug Tou
0pYQAVLOWOU LE TN YOVIUOTNTA, TNV NALKLA KATA TNV
avamapaywyLkn wpilpavon, Tn yovikn enévéuaon Kat
TOV apLlOUo amoyovwy, Kol YEVIKOTEPQ TN OTPATNYLKN
ToU BLoAoyLlkol KUKAOU TOU OpYaVIGHOU cUUGWVA LE
™ Bewpla NG emloyng r- A K-.

Reproductive maturity (Avanoapaywyikr wplpuotnta)
— H Bloloyikn paon otov KUKAo Lwn¢ EVOG
opyaviopoU Katd tnv omola Eekvael n mepiodog tng
aVamapaywyLlkng dpactnplotnTag.

Reproductive strategy (Avanapaywytki oTpatnyIkm
/ otpatnykn tou {euyapwparog) — O Tpdmog
avarapaywyns. O 6pog cupunepAapBAavel Tov TUTO
avarmapaywyng (.. AYEVAG A EYYEVAG
avarmapaywyh), To cuoTnUo (EVYOPWHATOC
(novoyapia i moAuyapia, moAuyuvia i moAuvavépia),
KOLL TNV EMAOYI] QVAITOPOYyWYLKOU cuvTpodou.

Reproductive success (Avamnopaywylkn entuyio) —
O apBuog yevvroewy ava BnAuko atouo
OGUYKEKPLUEVNG NALKLAG (] NALKLOKAC KAGONG) ava
povada xpovou. — H avamapaywylkn entuxio vog
opyaviopoU 1 evog mAnBuaopol og KAToLa
OUYKEKPLUEVN XPOVIKI TIEPLOS0, TTOU KUPILWG
oXeTiletal pe TNV nAKia ) to péyebog Twv atdopwy, Tn
duacLooyLkn Toug KataoTtacon, Kot teptBalAovtikoug
TP AYOVTEG.

Resilience / ecological resilience (AvBektikotnta /
OLlKOAOYIKI) avOeKTIKOTNTA) — H SuvaTtdTnTa EVOG
£(60ouC¢, OLKOTOTOU 1} OLKOGUGTHUOTOG VO
ovtamnokpivetal os SlatapaxEg, SnAadn va
OVTLOTEKETAL OTLC EVOEXOUEVEC KATAOTPODEG KaL va

€xeLypriyopn avakouyn.

S

Sedimentation (I{npatandéBeon) — H Siepyacia
gvamnéBeong atwpolpevou UAKOU wg ITnua.

Semelparity (Movoyovia / Arthotokia) — MNpdtuno
ovamapaywyrg Katd To omoio €va €806 yevva Hovo
pia popd katd tov kUKAO {wh¢ Tou. Eva Tt€Tolo €idog,
ouvnOwc mebaivel PeTA TNV OAOKARPWGN TNG
ovamnapaywyLkng mepltodou (BA. avtib. Iteroparity).

Sexual reproduction (ApdLyovia, eyyevig
avamnapaywyn) — TUMog avamapaywyng mou
nieptAapBavel Tnv Evwon yapetwy (BA. avtiB. Asexual
/ vegetative reproduction).

Spawn (Fevww, mapayw, anobstw apya)— H
aneAeuBépwaon yevvntikol UALKoU (BnAukwv Kal
OPOEVIKWY YOUETWY) amo BaAdcoloug / udpopLoug
0pYavLopoUG OTO VEPO.

Sperm cell / Spermatozoa (Znepparolwapto) — O
OPOEVIKOG YAHETNG. — TO OPOEVIKO YEVVNTIKO
KUTTapO.

Spermatocysts (Zneppatokiotn) — Inepuatodopog
oAKOG.

Species richness (MAoutog eldwv, apLlOUdg eidwv) —
O oUVOALKOG 0pLlBUOG LWV IOV BPLoKETAL OE pia
Blokowotnta ) o évav OLKOTOTO.
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Spicule (ZkAnpiteg) — Mikpd aofeotwdn f MUPLTIKA
oKeAETIKA oTolyela mou Bplokovtal avapeoa ota
KUTTOP O KOIL TOUG LOTOUG OPLOUEVWY AoTIOVEUAWY,
OMw¢ og omdyyoug, avBolwa kal aokidia.

Stress (Mieon) — H Statapaypévn katdotacn evog
eldoug, mMAnBuopouL f olkoouoTtuatog (.. Helwon
TOU pey£BoUC evog TTANBUGCHOU, KATOKEPUATLOOG
evLaLTnUATWY) IOV €XEL TTPOKANBEL oo PUOLKEG N
avBOpwroyeveig mapaAUETPOUC.

Substrate (Ynootpwpa) — To umokeipevo UALKS. — To
UALKO tavw oTo (N péoa) oto omoio Staflel évag
0PYAVLOMOG. ZUVNBwG XwpLleTal og o) MPWTOYEVEG
undotpwpa (primary substrate), r.x. Bpayxog, i{nua,
TEXVNTH KOTOOKEUN, Kal B) 0 SEUTEPOYEVES
undotpwpa (secondary substrate) to onoio adopa
otnV enidAVELA TTOU TTAPEXOUV GUTA Kal {wa TTPOG
EYKATAOTAON AAAWY OPYAVICHWV.

Suspension feeder (Awwpnuatodayo) — Zwo mou
TpEdeTal pe ta pepidla tpodng mou atwpolvtal oTo
vepo (BA. kal Passive suspension feeder).

T

Threatened species (Enanelovpevo €idog) — Eidog
mou amelheital n emPBiwor) Tou, Kat Prnopel va
Slatpexel tov kivouvo e€adaviong. H IUCN éxel
Katatdgel Ta emanelolpeva 16N o€ SLadOPETIKES
Katnyopieg KivdUvou. OL 4 katnyopleg TOU TUTUKA
adopouv ota enanslthoVueva idn eivat:

Critically Endangered species (Kploipwg kivduvetov
€id0¢) — Eidog mou avtipetwnilel ealpetikd uPniod
kivbuvo g€adaviong anod to pucLkod Tou XwPOo 0To
Aueco péNov.

Endangered species (Kwéuvelov €idog) — Eidog tou
avTLeTWiZeL ToAU vPNAO kivduvo e€adaviong
oo o GpUOLKO Tou MEPLBAANOV 0TO AUECO HEANOV.

Vulnerable species (Tpwto €idog) — EiSog mou
avtipetwilel uPpnAo kivduvo e€adaviong oto
peconpoBecpuo HEAOV.

Near Threatened species (£xed0v ansiloUpevo
€l80¢) — Ei6o¢ mou evdéxetal va UneL o€ katnyopia
KLvdUVoU 0TO AueCO HEAAOV.

Tolerance limits (Opla avtoxng) — O akpaieg TLLEG
(avwTatn Kol KATWTATN) CUYKEKPLUEVWY OBLOTIKWY
ouvOnkwv, O0mwc n Bepuokpacia, n alatotnta r To
pH, petal Twv onolwv e€aadaliletal n ektéleon
Twv ducLoAoyLKWV AeltoupyLwv evdg eidoug f evog
OLKOOUOTNATOG.

Threat (AntelAny) — Mapdyovtag (ouviBwg
avOpWIOYEVIC) TOU UTopEel va eTILDEPEL LEPLKN
HETABOAN 1] OAOKANPWTLKI KATAPPEUOH EVOG

TANBUGHOU, OLKOCUGTHUATOG, N TNV e€adavion evog
eidouc.

U

Understory (Ymodpodog) — To cUvoAo Twv GUTIKwv
Kol {WIKWV OPYOVIOWVY TTOU 0VATTUGOoVTAL KATW
ard tov B0Ao aAwv putwv R Sevdpoeldbwv
OPYQVIOUWV.

w

Weathering (AntoocdB8pwon, anoouvOeon,
SLaBpwon) — H otadilakn kataotpodn evog
CUOTHMOTOG ] EVSLOLTAHATOC Ao ¢uoLKa aitia, Onwg
n otadlakr SLaBpwon Twv Bpdxwy oo TN UNXAVIKA
S6paon tou kupatiopoUL (BA. Erosion, Bioerosion).

Z

Zooxanthellae (Zwo§avOéAAeg) — AlvopaoTywTd mTou
{ouV CUUBLWTIKA PLECO OTOUC LOTOUC OPLOUEVWV
0oTIOVOUAWY, OTIWG 0 KOPAAALQ KAl GTIOYYOUG.
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