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NIINNKD DIYA 21 AXIKD M2 127NN L) 0N Nown 78% nilnn Pinyn 0w X 7y
D'IP0NNI DIZNNNN QOXIN VTN L|27 .VIXY? NIdAIoNI NNR'  NINTENN NIAIZID0 1NN |1y
.N'722IM INI'MT D'N'YY1 'O 2¥72 12X

NI 7Y "MYAN NNLVY 1ND 1" 99X 22 19 7V w191 [1ID'Nn D 7R W 079570 0N NY
NN 7710 .70 y¥n ¢ N'wpnrn 1202 201N ,'IRY Pinvn 0 LCmy ot aTam 17 e
7w iy TV yInwnn YR'NaN Iwm NR nnn naavnl,0on 1000 1y 200 paivn ,nwarn jnTn
NI NNANE DY TINY 21T "N 12 DY D VIT DIFN 12D L,YTN e nin’ .onon 2500->
MENNN "MYNEIMN A71m0 YYD .01 7003 'oN' 0N 0MTPAN 01 NIXA NI7Dnn
Y2 ni7yn 0 NN DRI NP0 20002 DTN Yippn DN WA D TY TN
N'OMIDIV DY Y77 NIYW'2a 077100 WA [NTAn DNITRE (N2NNE NDINRD V17N N7YN TNIMMA)
029NN OY TN',0"2A171I91NIN'AN D'RINNY [II'DN ,NNT .0'NNYT9 NYIONI T NYION 12 NadIN
NIV NITINY NN DFATIPR DIDWN 9 NXI9N DX 02NN ,0''D1 DA17NT N L0912 PIN
2016-2 waw 'maraon avluorn 1pron .(Otero and Mytilineou 2022 ,2018 17'wuini no)
21IT'a0 "M N1'Nan T'NXR N'ON' NXN] 07700 0N NUY DAY NIINN 210 ,NRANIRD TYN Nt
M2 7Y Nan DWY 71T N 1KY NNuna nwwa X7 3700 071X (2016 nranaxn Twn) N
.NLUYA NIXdIMN 770 IR D'9PWN K7 TWUKR D'N'ION TIXA 0'22N1 DM 71 Tnhnl Dy 7m
.0175%750 D'N2 NNIMY 11DN WWORNY VTN NIZOO0N [1'K 170N NIRXIN ,))'07

?PMyn D'n DX TN"'N NN X
-IT [AND 7¥ NIMIYAYN NIMND 2910 NT DIXY NOYW .yIXN 1ITD 19 7V DN 92 11 DX DN 2invn 00N
.(Levin and Le Bris 2015) n1'os0muxn 7w M7 X NIO'IA AWM 7'70 NINN 221 DINE YN

D'N NWEIRY oNm  NI'YRR NIYI9NY7I DMI'YY TN WA NRATIER N2V XD 7Inyn 0N Dip
NINIXA L9795 ,NIVOIRN IT NDIYN N0 D71 D' 'PRyn? ATIN 1'KE VYN UNYR AR N DT 0NITRA
N7'Ta Y'Y 73'9%7 .50 TITIN 0'N NTINYA DY D'R'P7NN 01IT N2 0NN DN .00 N
nivaan oa P71 ,(Ramirez-Llodra et al. 2011) anira 0*in1 b PINyn 0 DA DNIX' 7¢ NIYTRNNI
YXNN NYPYN 2¥7W 72N DA NYAI NIYISnYT pinyn 0'n 7w N27n NIYAoN .Y IT N210 7¢ nninan
Simon-Lledd ) nuTnnn n1'kw N7¥ NN N1y y¥Nna N'0's nv'as 73,127 TNI'A 'O'K KIN (VINT0)
(et al. 2019, Clark et al. 2019

(V¥nd 7w N'O'R NIYTANNIL N2IN NINX' ,NIAA YRY? )17 ,qWIN) 7Ny D' DNIYD DMIX'ZN D'RINN
D'N N2'0] NIMTIRD Y'Y 7720 271 1T N2207 NIFTINT NIMKNN NNDY 12 D2IYN 0NN 702 NIX IRN
[(ITUCN 2019) anira niaa XN pmyin

NN NI 7Y KX WUNWN IR 7V N00Ian NI'RY - DUTINY NN TR W 0NA 21TA A 0N 7 AN 5
QYR T2 NIV 0T N T 7Y Nproimn



,UXNN 210,V 7n MIXNA 7'V YOWINN 01N 71T "M NXI9N 7w 191X DAT 07 N
7w 07T NI2dIMI N2ININ NINXY) 12T PYyNn? NINT? [N A7 DT DX .0'901 DF'T'S 0''ONNAI 7NIYn
AYIY2 D1IM9INA N7R DNITX "2 nin" 79 oIt 0'YaIvn 1L (0 y¥nn nya nyppgn
N'oN' 2171 12NN DAY NTNRI NN NWRIR 7¢ TIXN 2NN NVYA D'¥AIYNI DNITOI,71ITA A7
NNAIT DTIN DAI7IN'A DANI NIYOIN 2120 1j7'Ya DX NIAA 21717 [1an 7w DUR DNIX i)
(IUCN 2019, Yicel et al. ) nnmn ni>Mai (pockmarks) n'yviayax ,|[xNn Ny 0117 'w'70
qIx'7 0'7210N0 ,(D'AI90 0 NIXI ,D'AINYR) PINVD DR DRDIYWD DY DMNN 270,902 .2016
21711 120 271 12N NN DY NIAZIZR NIDIYA NINNSNN D20YW NIMAIM NIMIYIE DAY
.(Otero and Mytilineou 2022) ni'r's niy1on? TNI'N2 NNIAA NIYRAIQ NIYOINA [ATA 12 X ,NIAA

,0217 1D NIMIIN'A NIYSINA TNI'AAI N'Yi7N N1ANnn 0N X 0'YSYIN 0'AN DTNy 0NN

7w D7V 0'N'Y7 NWNINN AXYINDI D20 DTN 0WNA DX DY 17X YR NIY'2a1 D'7IXN
AYIY DN'YIR IWNYT1 NIDXD Y'Y IR 11207 0710 YUK 0D NTINY? D'Yzapnn nath Dnin
.(Lastras et al. 2016, IUCN 2019) n*217a 0"ax79 D'aTI D'WYND ,0A¥ 0N D' 7710 21 DN

NYPYN Q¥R ,nnaIT? 78w 9w 0175750 0N VWA DA 0'RVANN ZIRYN 0D 7W TINYD 19NN
NITNN NN 7W NDININ NPOOXRNY K'N NWWNNE MY 1"no%? 01a 0.08 -1 vim vnm'Ton
Schirone et al. 2014, Lubinevsky et al. ) n'niyvawn n11xa y¥na 'nn NI9OX 7y ny'own
INATIN K7 "7 7Inyn D2 ,071Y2 DNNKR PIY D' ITR VITDN 7Tan? DRt oy TN .(2017
D'NN ['AY YN L] 11D .TNI'MA 0'IA (N1 0 7Tan?) NNITR DIMTIR NIY'Y D Ty

NYSIN ' 0'Y'¥N NINNK7 1NONIDYW DNZNA .Mhn "y TRIn DIINN NWizdjn N1ani D'nn NTinya
QTANN NITN MNIN 7w N'107 NYOoN NNY7 'DINYAN [INTA JITR2 TwNNN NITh DN Ny Yy
1 N1INY7 N1 ,73'97 .(IOLR 2016, Guy-Haim et al. 2022) pinyn 0'n n'wippa 71man 'nan X
NYSINN ¥ q'n [I'9X X 781U D2 D' NTINYA 'NN 7V NN'lon DTN Y9N Nz N1an
,0NI9'Y NT'T 7W NN N'Th Nnt'pnn 7R 9w 075700 0N 2nTn 7yn ;727 1avn vl Do
2un NI'MYN Dy 781019 12'N7 DNA? 717VW NN ,qma D'oN*' NSIVN NIl N7 Ny 'l
(2022 7wX) o'min 19
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D'INN 178 DOITX L[ID'NN 2 78 79 0770700 DM NVYA NWRIPA D0 0N YR 119NN
Kanari et al. 2020 :qimn .0'w'an D"01 21IT'A "N NINT? TNV NN [MY7 DT

?0nIT' D1an @'T¥NAILPIMYN D' Ya0D 7Y DU'XND DN A
D"'O'R NIYTNNNI N7'TA X7 N77100 NDWNN 7¢ N'waon Np'navTan [0 NYan 7myn 0'n Nidwn nivan
2w T NYpAENI 0N DINTL21ITAN M 7 T'D 00N NIZ71D0 NIDYNN NIDIYAN [AYZX NIYIDNN 'OINA |
[122) 77101 78w Y 0170700 DN NVWA NANTNNN N'72'700 NIP'WON 7w AXIN DN 17X DMK .7V '9110
Apva (orny

N7DN7 NNIAY D771 IR [YUN 7Y [TARN NRXIND DIN'T? MYONX 17N DN .DINTI N0 e
7v piyn 0 n'2109 1o .(March et al. 2021, Culin et al. 2018) n'ma A ronn? NI
2w D'pmiva Y"np'? n7109 '01e 7000-1500 'a 0'van 0'NIaa N2109 TIDM 7Y D'vhaxn R
NXIN '9D MIENI 2'0079 N7109 X' N71090 7 YNnInN 2NN .nnknna un 500-1700
IOKNI MY D9V 7wn7 INd 0'901 NNIFAN DIN'T L3 D (2020 720) NNTIE NIMIM NS0
7y D71yNn NITY DN20YNAI NIDZINE NP NN DNAN 7Y Yswn "7u1) ITYIN 110w ,0N9
.(Chiba et al. 2018) o'mn Qa1 N'YPA NI'OITIIN 7V 7'0079 N7109 7w NNySwN

NATIER NDWNN 7V 121 [9IXA DW'OWN 17X .01"71019 DT W NdYINIE npron ,wIo'n e
2722 o' NTIMYA 0N 72 0001 D'N0'0 0RO ,NNAIT? .NTIAyN A7 701 0Nnataoa
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no1 .(Vad et al. 2018, Weilgart 2018, Cordes et al. 2016) nx*n DNy Wyl NITINN
7¥ N1'PN NINNSNIN DA [207 717V 000N D701 791NY 210NN WY D IXIN NTYI NTayn
178 NIY'A0 NIFO73IN 7Y O''KY7 21 ,N'WPI{72 0'Y' DN *7V] 7Y IRWD 2, NINTO NINRYT
,D1'Y7I7 71T ' ' 91X DWAID NIMwni Ny nman Loy L(Vad et al. 2018)

7w NN [1'0N N7 NAISI D'MY7YW 71T'A 'NA NNAIZN VIN'TO N9NIN T 'Y |DINAI
NNIX2 Nt NrMynn Nponn 27wa L(Vad et al. 2018, Ellis et al. 2012) nan o'n w2
NY'A97 DINA7 NN71D'2 YWK N9'7T7 N'wNn N120 NI IR NANPZN D200 DX N1IIND
MIYAYN 2NN §7'N2,0'NnN DTN [N NWYE2 [0 27100 (1202 DY nWIx

12 D'Y¥2NN DI'N 12DW VYWY 50121 Nannni D27 1T n'70'71 ni?ye .(Cordes et al. 2016)
Tnya Vol Ta 'wIoNY7 0'ooi 1" 10,000 puw? nfanakn TIwN NP LT 7w NP9l WIDN
(2021 nranaxn Twn) anpn

J'9N M72 VYN 'T'D 01N DA YPIY D'0N7 1N AT IX MDA 7T [ N7 AT AT e
,D'YUMD DY 0N ™7Y1) 0WRAD DTATANIN IN D' 71T TN DNIR 7Y vl nwtn e
D"N *7¥2 N1DONN VIN'TO NONIN? DI X NINOAN AT .17170N2 0'XYNIN (TIVI O'RV
D'71D'YI Y72 NAVXNY 0'7'U DININ NNWY 0717V D2 IR ,0'1901 DAMYX 17D ,0''Y!
.(Ramalho et al. 2018, D’Onghia 2019, Bradshaw et al. 2012) n'10on no"n *7y11 Y1297
DN '7¥2 NIAYIN 2'20 Y01 , N7 YEIv ,NINNK AT NIV'WN DA Y'ann Yo arT Ty
Mytilineou et al. 2014, Sampaio et ) nn7w nawl nw*NY DNA? aTh oy 7217V1 DY
[IT'X 101N X\an7 217 ,na71pRn NdvNA 7V '9110 W pIan ' AT, P ind L(al. 2012
.(Clark et al. 2016) n7¢ niITIWN N71>'1 NTIRFONA YIAdY 221 n71> NdIwna

D'YIN'YI N NIRZZN NYTNNN N'A0IXR DT NOWA DTR'7 DITNWORN NIDOINN N7 NNy 7y
D'2'N NY'™79 1ND 0"N'7PKR1 D'NQ'A0 D'I'Y T¥7 NIXT .NITNY7 X NWp 0770 DX ,0'9011 DV T'NY
D'72100 WWUNI [I2'NN 0N NITAQ TRIFQ IX'R [9IN] MU' 'T'7 0N TWNX NX¥NIN Dinnnnnl
Corrales et al. 2018, Chaikin et ) nm'n ni71iprn NdWNN 20701 TIE9ON 7V 131 [9IXA Y'Own?
DA IMIYNYN ,NN"7 12 7273 NIN'DI Yya0 NNMY7 yaina Ny n1na nirrm Tya .(al. 2021
AR NIYOWNT? w7 N7 TV

D"%3%50 0'Na Yyau NNINY Nnpgn%? N'VOYNN N'NYNN .2

2y 7'onn ,MIN71N FTN 'O 7Y NN N'UdWN NRP'LEIS NI 072750 DN NIM' NNMY NREn

[N7W FTY720 20220 ITXA 0'NVY NNTAN TTIYAI [VI9'YW 2NN DINNA YAV 'Y 7V |AN7 NaIn NN
1VOYUNN YYI'? MYNN NyRp AT 77 noovn 7xw .6(UNCLOS) narwn 71¥1 X771 21T K77 DMITRD
N3 2197 wnm -ynwn (2013 02'7) X Yw 070900 0N NVWA 07N N2'A0N N1AN T D NwNNnY
.02t 0NN DMIVT710N 070N NIYYARY NI Yyao NNy 0Imip?

|"Tn N7INDN 227 NIN'N2N 101NN YN 7R 7 0773750 0N DINNA NI07120 DIPRI DI 0V ,7V19]
TIX WII9N] YA7N WK NZ'PN 7Y N7Ynn NnTpn 0IY 1901 N .0"7RMI0M0N 0'NY7 12yn “7xeh
— 7"YYNn ,0"A' 0NITR PIN YXN) 075700 0'NN NIANY7 ,NNINNAY 0D DNITRA N'0OYWNN NNaonn
[ IR [IT'R NWYI K71 NDWA *75'700 NIN'ON OTPNNA DFN1'A1 NIQY DY AT AIPN IT n'en 07X (2017
MNN2 72197 W' ,0mpn 0MI071000 0700 NIYYAR] NNIMY DIT'R7 22702 ,27 m'wi nim's DY
NNINY NNpn? NdNOoN DX N'MIPNN NP'7NA [aY7 ,0"73700 0'in DINN2 N'USYWNN NNA0NN NIToNY
DI7217N) DNINNA NONI 17X D'NUY 7Y 209X 71N AWOKRYT D 0TIV O'PIN NNA0N2 NA'NNNYI Va0
.(2020

6 https://www.un.org/depts/los/convention_agreements/texts/unclos/unclos_e.pdf
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?Nn1I'' NNINY anY

N2 I7MA ANl NN N20N NNMYY AN 7'yal NN L'TOINN 720 [ Nifpt Yyao NNy
NAI71IRA NDWNN 7Y ANIRMAL ATIPON 7V NN AW 7D D¥Y1A .'!A' Ya0 N'NY 1NLVN Nava'l
,]2 N2 .NIANNI NIMAIPXITYIO NI7YIN DA NIM' NNIMYY7 ,010 DMN'Y N'WARD ANaNY Njzoonn
N'YaLN NAIZIPRA NDIWYNT7 NINYONN 7221 Yava Y D nina D'¥N7n DX NIYAiN DFnH NNy

, 07PN "I'Y W NI niysSwa [NnY NI Aty 0'ntRna 0721720 0'i'ya oy nnxna TTinnnY
.(Grorud-Clovert et al. 2021, Sala et al. 2021) nnam X7 n'now7 onna

DIIAYY D'"YA0 D'NVY 7V NN NIAN NIYYAXA DYWL 21V D2 21710 1200 7V D0goN naan
ITIYM |9IXA D701 17X DNOY .N2 DN 2N NAZIZRD NN TION 7u N1an? NNon NNTaN
IN'VA'Y DPANN D'NOVYN DINNA NOXI NIP'O IXRWA |2 DPIYORNN 221 YAUN NN'AY NNV NwnY

.(O’Leary et al. 2012) ona'aoni onn N10IN NIP'YO 7w AT

D'NUY 7Y [ANY7 W' |21 17520 NIP'YO NN X701 VYND DNAY D'PNINA DNITRA DA N1D' DTRN NYOWN
122701 712'¥N "'V 2N7 DNo1 ,NNYOWA NIV 12'Yal ,0' 120700 NI7'won 17K DMITRA 0NN
Ramirez-Llodra et ) 178 D"ITxa LYINN APNNN DXV D'ZINYE D'RINT DNITRD 7W DN O¥Yn NI07nnn
7D DA ,?INYN D' 2NN NN NNIMY 7y 710071 0T7n? W' Nvaim DNt npy imn p .(al. 2011
AITN2 ANNNYT7 T'NYY NIN'DY WMM'Y 0FTRNY7 Y12 DAl N0 NI'WS 7w nint'e NIVSwn Dy TTINNNY
.(O'Leary et al. 2019 ,Barbier et al. 2014, Wilhelm et al. 2014)

D'NAN NNITZE 01I'D — 17120 [HAann 7V Daan WX

NNMYN .02 U700 [12R0 7 NMR 770N DIR'YNENE N2I0N NANND DX DN Y20 DNy

TIX 21,0911V TYI DX ,0N2 DYPNNN [ITAN AORNA 2D 773 7V 2172 M DpwhI Myl NNWoKn
N'WIXPANI N'VTAN NIND02 20N ITVIN NNIMY 7 NIMITIZRD NIZVINND .DDWNN 7¢ A17IRN TIRoNn
,0'9710 D'AT 7 TNI'MAI NON YV 7w 0N 752 7w NoNIFal NID'OX] 0NN '7ua 7T Ny Ni77o1
D''N "752 7 NIRIY NIXIAP 2 DIYPRIVIN DI7'WAL 'Ny¥N 10D 0 TWIYA NN 7RN¥I0I9] Ny
DA N1U9Ixn NN7xin M .(Giakoumi et al. 2017, Edgar et al. 2014, Guidetti and Sala 2007)

7 '0'02N TIPONN NX NNNWN XY (1IN DY77XR "W 7Y NIYOWN 11D NRIY NI'MA'A0 NIy 192 [0INd
.(Sala et al. 2021) ny*aon DpNWN?I D'INWNA 0'KINY NINKNN NN9Y7 N7 NMWONNI NAITIZRN NDWNAN

D'7PRD "1'Y NIVOWAD |IN'A A

¥NN-IT ANS NINDY7 X'2N NN Y72n NN DNY7I2'AY 0l WA 02NN D1YA0 D'NVY 7V N1an

,[> m> .( Dinerstein et al. 2019, Roberts et al. 2020) n'7a17an NMNNNNN 2¥7 NUKRN7I ND0INLVNA
D2 7¥1N ,N'72172 NIMNNNNY D'YIAN DYTINAN ANANN 'TAN TARY 2WNI1 D' N 07910 [KNNN TA
NIV N'ANIX NPON X7 DINAN9Y7 IMIX NDSDINY DT NN NIFOIIX T 7V NI7'VAI NN pinmyin
D'noIo 071y o'l ool pirn .(Knittel and Boetius 2009, Reeburgh 2007) n1'a01mux? 17w 1NNy
ANWYN |2 17NW NTO'0IVID 7NN 1P'VA NT'90INLNYT NVY791N IX¥AN-ITN [NN9N NINdN WYY7-Yan |2
or't7¥ 1.5% 7w nhai7a nmnnnhnw 7 2y 0'vRaxn 0N 0NN L7 TN TR 7R NITH NI NpooxXa
7v 0N 7757 nmrrz N0 NN L0019 D' T WIN'WN NN 'TA D079 NRYIND NNNAN L,YXIinna
.(Intergovernmental Panel on Climate change 2018, Lovejoy and Hannah 2018) yaxn 211 19
DN712'AW 2172 'N2 7V N2aN LN TID77 DN710' AW D'NVYWA N7TaN TWONN IN'Y 'DIX7 N'ann naan ,pY

7 https://climate.nasa.gov/
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[NNODN VIl NTV'OIVIDN 17N DI'F? 'NIdNN NAMIZRN NOWNAN TIPON 7V NIANI [XNN T2 71971 TID'77
((Thurber et al. 2014, Sala et al. 2021)

NI7'20 DN7WI NNIVIDN0N N*HY7 D'YWAN 0N 2p27 'Mr7ER o NINY 09712 7NV D2 DNITR 500
.(Chaikin et al. 2021) *ai71ran [uann 7y D*7PRN "1'Y NIYSWN [IN'A7 DINNY 7021 ,0'Paly Tvan? nniaa

Nn71N> 075707 NI'n' yau nNNIMY nninnh A

ninye (OECD 2016) nTzonni nX™M2 N NAMIER NDIYNIA A17N NNEN D710 17370 NNo? n7D'n
N0 7U DMIXIN Q'Y 91X IR (NNITII1,NAT) 0'NN DARYN 7¢ N790K 'Y [DIXA NIM7N NI N7
IR NI7VIN 7907 N'YA0N NAIZIERD NDWNAN W N7 Ny (TIVE 79NN N NIXYEN) NTRONNn Nt
2w nann ,nxT nniv? .(Lillebg, Pita et al. 2017, Milon and Alvarez 2019) *7575 70907 N1>N2a X'an
ANIF MW AT TR 454 TV W N0 nimn7 X1an? 0713, yarn 0 nown 30% 137 yvao nnimy
7w "5'70 1w 7w ndavn (Waldron et al. 2020) nnimwn 9w nanin X477 7apnny nninninn

MW7 "7 0N'21T 97X Y NIy D AR X T DINNIDA 'R [TV PINYn 0D NIFAZIRERD NN

7w 25750 7w 7wn D ((Ressurreigao et al. 2011 Folkersen et al. 2018, Armstrong et al. 2019)
> 7w Ty ,'m 100 7w a7 nnnnl 78w 7w 010700 0N TR L(AND NN'D0) 077N NIYOWN [INTN
.(Peled et al. 2018) nw'7 yximna N (17 21

n'nix?1'a niatinn LT

,D'7PNRN "1'Y DY NITTIANNAYI 1710 1200 2V N1an'? AN 7'va 250 nim' yao nNmy 7Y NI oxyn
[HANN NIAX ;D VA0 NNMYY NN NNVA NAXNA NITPANA D200 7V MW7 NIFMINTIAN NINRD
NN NIYXANA D' MINN2A Va0 7V [A07 9NN N1 DX |71 NIrNn 01D NIAKRIENI7X NIAX AN
NI amn NM7enn-an nintn my L md (2020 ni721tn) 0775750 0N NVYA NIANY7 ,0M21M D'NVY
[AN7 NIINAN DX 72T 7V 1000 ,071Y0 NIY2A' 751 NITA NNWY NININN [DY2Y QUK DM yao NNy oio
070NN WIa'a 770N n7'we NISNNWN NIatNn 178 ninti .8n%1va n'ontzixnl o' nown 30% 7
D71YN 'aNN2 NI 190N DI'D 12D NINMP 075750 0'AN DINN2A VAL NNIMY Im'vn Ty nawny
DIYN DMITR (9NN NIXIRA 2121017 22719 MINY ,NNAIT?) DU TIN' 0012 7IT'A M2 W DNITR D771
D'2NN1 DMITX DA 077100 ,00xn 7T 'nar L (1007700182 11071 PARD NIIMY NNAIT?) DMaN79 DY
8w oA .(1211n"9x ninTa Benguela mud -1 Agulha Muds ninmw ,nnairt?) n'ini nxn vinp v
2"10 nimiIn71an nmrir? 2021 vonIX WTINA NDI0VXN NI AN NNUYA NIFM' Y10 NNIMY NRpna N2YNN
.0"75%50 0'N2 NNMY OTR7 N2NNNTNIMTI N2'MNN 2NN 72V NNNN 1200 N1ANT NMYNY INKY
NI'NN DXYN DA 2NPN YYD 17002 DMt Va0 NNIMy> 0'NVY NTIdN 077 NA'INA YRY [ D9Y

AT NMINT

8 https://www.hacfornatureandpeople.org/home

8 https://www.gov.uk/government/topical-events/global-ocean-alliance-30by30-initiative

9 https://www.fisheries.noaa.gov/resource/map/frank-r-lautenberg-deep-sea-coral-protection-areas-map-gis
10 https://parksaustralia.gov.au/marine/parks/south-east/nelson/#map

11 https://www.marineprotectedareas.org.za/agulhas-mud-mpa

12 https://www.marineprotectedareas.org.za/benguela-mud-mpa
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nim' NNInY nwl v [N NNINpy

NiN9Y" 173 noin ,2022 RN YUTINA [IT'W ,"A1717A0 [1IIANN NINAKA D2AIN D'N0YN 9'V0 7w [IDTVN NLI'D
NIYXNNY NNY' N7 nninnYi a7 [1Ian? niawn '2ya o'now Tnirna ,o'ni nwahn 'nown 30%

Ty, Nnima B TN 1Ar0roN 91X DY7NINNN DRAIN D'NVY YW 20N NNYINIE NIAXT NIDIYN
[1AN D'AXI' 12 [AIN NVY 7W 790N 77TIA 07713 (1IN 07 NAI7¥I2 NINKX 'D 7V DRAINN D'NUYN

¢ nITwAL 27 DIYND 217 N2 L,NNTYTINAL 11202 O'RYNIN 71T 'NA NP Ndwn
178 o1y ((UNEP 2019, 1995) n12'n IX N'NIANN ,N'YTA NI'WA Y202 DMITRIE ATRDD N1d02 D'N
IND .1A'VFOXR 71N A'NNK NIAN DMWY DAY . q72'0 — DNIMYA 11O 7¢ 700 NINPY NI D'OpwUNn
NN L9 WTA YT 0N UKD DA N'ANIN N1AN7 DTN 7197 W' 12NN D1 D NalR NI7¥I2 NN |2
[I2'TIN D2 D' 20N 7Y DTRN NI7'YD 27U N'7'7wn nyswnn D nTaIyn Dxynl ,Nyann DN Ny
.(UNEP 1995) n'niynun x'n

Yana Mpnn YT 7Y 002NNAI NIMINTI NIIANL WOTI7 DXNNA NI TN DY (122N 1TV 100197 707
JDI7'w nift yao NNIM (110N 7¢ NN ninnonY

nino? 30% — 9p'n .X

NITOINN 172 [N ,N'M'N VAN NNMY DINNA 077NN 0NPINN 272 [0 ,DD 1MM71Ivn nnann

n7'v' nw1d ,0'n nown 30% NINS7 7y N'ann NN 7w Ty D X' L,0MDAN DIFTAN 'WAIRIE DTAINTIAN
.(Waldron et al. 2020) nywn NanK 7in 7x 1210 TV KN NI7NNNA DNy 79

?n'7oon D'k 10% viTn

n1aona 2020 mw v mtn nowinn 10% v naan 7w Ty Ixn'X L pINA 'R ,0%71vn it ,2010 mava
X701 NIX'Z NIN2 1IN) AT TY'Y D W avhaxn 0 ygnn W i ,tin J(CBD 2011) ai7ran juann ninx
IR NI2A A7 AR Y 72 7y naan 70 woRn 10% 7w nian ,nnaiT? LNIfXAN NIRXIND DX 790
DY DN "A7¢ 7Y NN '"MIynyn T'9N 0NY7 717" 'N2 DA N'ANTA N1*N2N NIE2Y7 YT 7'90N NNdNA XY
.(Roberts et al. 2020) n1aam NI¥a N'90MUVKNN [AND D'V7IPY 17X IN NTNdN N1X01 DI W

?30% viTn

NIYOYN NX NN NAIZIERD NDWNRN 7w n'7'v' nme TR T¥n Wworn 30% 7w naan D nw'n oMpnnn
721720 nnna (O'Leary et al. 2016) niminiExI'xIo NINVN 7Y WIN'M TWOKN DA Y T¥NI 077N
NLOY ,NAZIPRN NOWNN TIPONYT NIA'WNN "2 2170 N2 1an 2y naan worn 30% nins? 7w n1an
Balbar and Metaxas 2019, Magris et al. ) nirniyvnwn ni'73%2> Ni7vini (nNd 7@ [IONXI NV'P7 PO0N
.(2018 Waldron et al. 2020, O'Leary et al. 2016

nuwinn 30% NIN97 7y |an7 X M71IYn D'PIR9N 0Nl TWKD ,2014 mawa niwxa? moin 30% v v
NI'2'7wN NIYOWNN NN [NNY7 121 NAIZIPRD NDWNAN "MW NIRE 21710 (120 DR N7 71D m72ivn man

Wl 2172 7apnn v nirn' 190 30% ,7an .(World Parks Congress 2014) nTxn ni'7'vo 7w
2030 mw T m72vn m'n nowinn 30% 7y n1an? Nt 'mw 7V NANNKY7 NN WX 0710 'anha nirrm
TIVE 7R NIFNARD TIN'KRLI7'070 L,[9' ,N*700IX ,NMAN NINIX ,N0MA 0TI ,'ON'RN TIN'RN DNl

13 "Ensure that at least 30 per cent globally of land areas and of sea areas, especially areas of
particular importance for biodiversity and its contributions to people, are conserved through
effectively and equitably managed, ecologically representative and well-connected systems of
protected areas and other effective area-based conservation measures, and integrated into the wider
landscapes and seascapes"

16



MPA coverage (%)

I91T'RN TIN'RN 7¢ N'MYIN N'A0N0VOXA NNTAIN 12D IT N'aNn NN P nd .1514n1v011 N nNwy
2030 mw TV ]am nirn? 11X o 7w mn nowinn 30% ' nxin naw 2030 mw Ty 17 juan?
.(European Commission 2020) n*ann n1ana 10% nino? ndinnl

100 - N:GSB
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80 - o
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40 1
1
| T i
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Protect Ensure Avoid collapse Avoid adverse Fisheries value  Multiple
biodiversity = connectivity evolution stakeholders

MPA objective

N0 NPOY 071Vn 'ann 0Mpnn 144 2w yxinn .Dim' nNmy NNUN NAYNY WITIin DY TINK
A'UN7 NIn 2V [ Nra7 My mn nownn 35% yxinna ' X¥n1 ,NNonn 2% DY 7pwn [nna .nniy
21U, 1'YNN NI A I9RN 270w 170 .O'Leary et al. 2016 :iInn AN NN NNLVNN TINK DX
.DININ NIV DX DX AM7 NNNNAL YNy DHIPNL[PRN TIRAY DR DAY 2700

DAYl 0"TINY 2172 'Na 7Y D1an — N'anan noo /oig'a A
DUTIN" 71ITA N2 7Y N1An e

NIYSIN DNAY DNITR O'¥AIYA NT NV X .1 Y¥A XN PINYN 0 NWYRIPn N0Y 1N
D'DIYN DY 02 LD 17D .0YTIN' 2172 'NA7 0'02 NHNNN NIYA Y NIFDNAN'RIRI NIAITIN'
(niw , 02y 7wn?) Nimara N0l 0nan NIx'? 010N LZMyn 0 NN2R011 NI

D'l 71T N2 297 L(IUCN 2019) niaa iz jnan oy Nirazig nid>yvn NINNSNN D1'a0w
YIY DN OFTRIN DMINA NN 71T M2 L1710 D71V 7Inyn 0D 79 1Im'un 'YnNn 271 0k L I9R
,TNN ,DNN'T NIXY .D1AXYNNE NN NIANIMN VAN N2TA NI DFTEONNI N A7

2V ]an"%7 X'D A9RWA D71 DIN'TY IX N'T'D NY'a97 TN D' DN, TR DNY7W NIRDmni
.(IUCN 2019) nnown 100%

14 https://www.gov.uk/government/topical-events/global-ocean-alliance-30by30-initiative

15 https://www.hacfornatureandpeople.org/home
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Deep-sea Ix Vulnerable marine ecosystems (VME)16 -nnnn 17X nirTin® niaikigk nidvn
FAO 2018, ) o' oix n'ami 2172 ' ,0"T'9IX'A 012N NIY71D |01, benthic communities

AwX (GFCM) 1p'nin o' v a1 niara ,nnait? .(BOEM 2010, Otero and Mytilineou 2022
NN 7¢ NINDI7 DNIVZ'TI'R NTAN AT 1772 190 PINyn 02 D'YA 7172 N2 7V n2an'? n7vio
0'01 NIINZ N71D' TID1A [N NNKX 72 TUKR NIFTOIN NINIAVR WITWT? D'R72InnN DIWA DMK
:NOWI AT NIP'WO IIOKT? NV7NNY

D217 ,NNAIT? .NIYAT NIFAIZPR NN NDAINT PN'Y D' NNIXN -DYT'OIN'A D'ONN -
.TIVE XD NIy L0197 DN ,0MN' NN

12 ,NNAIT? NIYAY NIAZIPR DIDYAYT NIAYIN DNTAN 72V DRy D 20 YZWX NNan -72mama - -
.TIVI NI'VVY'OIN' NINAN ,D'AID0 "3 ,D'AIN7X

,0AM7N ,0'V7IN D 0N 7)1 nixnyp 7Y Ny NIMIIoV NINA -DIVP'TYI'X 0N “va -
LTIVE NIDTY

AWK LZINYN D NIYRAT NFAITIER NIDIYNA 0DAIMNN 21T N2 NIFTOIN' NNIXNT? NINNAIT [70Y
N7V [an7 71v97 w'w I 7w 075750 0'n NDWA 19X)]

=Ny "AIMYX 122

[ITA NINI [I0PA79IRITA 1j'V2 DITI ,NDIYNN NV 0'N D207 D'RNIND 7aly AN
Plnyn D' N'WEIR W e 'vn DX 7R DameR (" a7¢") omn nTinyn n'vann
AYIV DY DITRD DWIT P71 NI 'aT Ind 0'9011 DY 0N 7uaY7 7Ima N n'pooni

DNAY NINIX NITR D1INN DAMYKRN 12 ,071v2 00w otk L(IUCN 2019) a0 o
.(Henry et al. 2013) n'awx1n 0NN 'A7w2 DY DT D'WND D'ATPNNE DN

NIYOYN NIQjZV2 NRIIN 19D 12NN 02 NI'YTA NIKXNI ZINYN 0N 7¢ DAIMRN NI'OIIX
Bo et al. 2014, ) n'nun NITIAYI NWPAR 27T ARXIND 7IT'0 N2 00Nl DY7PRN 'Y

NYI9N TR 7R 7w 075700 DN DINNA 19X iy 'amx .(D’Onghia et al. 2016

12 112 'm2aa 07701 onyion .(Coleman et al. 2012) 'n 450-850 7w o'pniya o'nn'79
(2021 nini M13) 'N20N 'AVIVORN PON JNONA 63-1

=D'VIQVYAXI T2 NIy

N7X2 NI9Y7T .0MN 912 78 N'YpIpnn (IXNN ') 01 N9YT W DY TRIA [N T2 NIy
D'VIQYIX .'YUON TA 7W yIaya 0'N'Y71,0'0nind DRIARNTA 7w nnnr N7

MITNQ N'YIQ V772 DNIXEN WA NTAl 7inyn 0 D 0vpw on (pockmarks)
NIY'2IN 270 2'20 .0'VN NIKA TV D' TTIA DN0VAN ,07TIA2 D'INWYA 178 D'YPY .TA NIV
TAN NIAIDINA 220X MINE NN D'P'9NN D' TN NINAN INN9NN ,0N N'YjI7a Ta
NINNA DRITIN DN 202 7R NDWIN NIRT NINYY .AT02'0IN'Y X170 )'70N -NIMmDn
DAY N'TINT NARIPNR DDA TAN NIY' NITRA 7702 NNNONN NWYN7 21 "AIRD

DV NTI'2N'0 0'ATPN  NIDTXI D'W7IN 10D ,0'"I0N D' NN Y731 2171 WY DN

TI9'71 DI0N0 11D , 0NN .DN7W NINPIN N2 'T'S NoNN DAY DRNAIL,DTX'D D'PT'NN
D"NN '"7Y2N0 D2ITI ,D0IY 0'AT DD ,0"NN 252 IRY .0D'RPT'NN Yy¥Xnn NN'Y' D2IT ,0°

AWK 0N DWW DI DDA [0 VME D rman (FAO) 0"k 7w m71yn nINTznni it 1K 16
N710' NIY2ATL|ITAN 2NN 7Y |'PN TIPON NNYONN NN IR NIFTINY 7 019K 071 27T P17 nivan
_(https://www,fao.org/fishery/en/topic/166303) AN NI NN NIYTANN
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721 0N 0'W70 7v 0'ypwn NNX' ,NTV'0INN )'7NN DY TN ,Tan NIyl .7"1n
,NI7091 TAN NYIW INK7 DA D'AVPNNAN ,0'N DWW DY V¥ 79 0NT 0NITR 0NN
NIDTX? ,7un7 ,i7mMyn 02 DY 0N 2927 QTVIN NIAYYNN TR DNYY 191 DHINNi
nwn (Tudela and Simard 2004, IUCN 2019) pniy 'am7x71 ninTi o'v7imni

DN NLVYIAY 0'NN79 NYI5N NITRA [KNA NIV 210 17200 NIF0VI'oIN'D NIRAITIPR
Rubin-Blum et al. 2014, ) n'a1 0'yiayax ny DMITR 190N 19X 7R 7w 075'700
qj702 11 190n 7IT"an 'N2a yapna nnRimn 178 nidwn .(Makovsky et al. 2020

(2021 oimi m13) 2021-2 n1>TYAL 'N2'20N 'AVIVORN

OINO "AT 7¥ NN "T7In 78! '9IN 70 7INYN DAY [KNAN NIYRA TR 17an0 NINNRY
INN'S "WKX 01IY 0AT 0N Pinyn 02 . (Makovsky et al. 2021 ,2021 oini 11d)

Y'Y 071,178 DT 2 .0MIX'P D'RINA NIUOINAN IT D220 1NN NIFTINT NINKNN
DNN NINIPEAN YIT .0 TITIN ' WRN N 72ma 10 '9 ,01n0 AT 7w Thirna nila

12 712V NINAK NITRDI N7 NIR'WN 752 DN PIRYn DR DTWYRIRD 70Tan A D 07y
.(Etnoyer et al. 2018, Henry et al. 2013) n'uw oINo 'aT

nnan T 2y 1wxiw 0o 'n 800-1200 otnivn NIXIA 172NN D'YIAYAR NITR D 1ND
NYIXI2 9INN IX? DWIAYAR DY D21 DITR TIY W' ,NRIIN 19D .N0WA NI7VI9N Tan
26% ' Xx¥N1,720 NN2N 'T' 7V NNYYIY 0'YIAYAX 190N 7¢ N101D NNYoN .IT Dfyniy
178 D'W7IN D X7 21wn . 1701'002'0In' NI'S'T 20 DY7IN T 7V 0'073INN D'WIAVYANNN
193 XINW NUW 19 7V NIOISNINN NI'VLI'OIN'N NIDIYAN DI'Y7 TN'A 0P TIRD K7 |0
.(Cordes et al. 2021) mxy yIayaxn NLUYWN NN 2NN NRNIN

-0'D N'YFIEa NYnn nidMa

IN M912 [A'A1 [KNN2 NN'WY NINYAN NWRA7NN NIYAN 0mMMon 0MA7IR' 0'RIN

|'yn7 nNav¥Nnl NYRAEN 7V DMAIT 7R NINYAN ,NNIRAN DNID'OY 71 .0MNN DYN'ND
7wn'7 Ind) 0'©011 DININ 7W O'IAA 0TI NI7DALTNITA NI NINTYR oy NN
VYNOW D7 XN ,NN7ANN NIDNAL D' M AW NID'OXNI DTN WI9N (KNI N9
D'1010 ,0'W7IN 7¥ NIAY'NN W' 17X NI NI2A02 .DNPANN 77 7w 212y 'K

N7nn 7127 TN DFTNY WK DTN DY NTiranto nmrmin(foraminifera) nimmini
DN2'2021 D''NN ™VIYW XD NIYYDNT 2NN D2 NIN'T NIAWNI DNYAN NN .0
npM (Tudela and Simard 2004, IUCN 2019) vyt nwiT K71 Nzna X7 " Ty DaNa
N2 D'NNY79 NYI9N ITRA 71 7R 7w 0770750 D' DINNA DD TV IKYNY NNYAN
Makovsky et al. ) 'maraon *avavorn 1702 11 '21Tan 'na yapnn '7n nnnnn 68 71ma
(2021 oini1 11> ,2021

=D'"'n' NN DIy

.M NAZIPX NIA'WN N'7Y2 D220 DU1INNAENYAN [NTA NITR NIK 7'V D11ONN

D'NN NI2OY DX 727YN0N TINY D'ANT 10YN DY 1220 NXIF 01117 7¢ N'ann NIAdYInN
D'9TVIN N*'NN MITRD DWIT D'A' DN D117 ,]27 .DN2A02 NATN "NIN 7W WY X
IUCN 2019, Wirt 2012, Roditi-) o' o'jparrl 0"ax'79 0'aT D12 020 0N 'Y Y
D120 D'AN DINNA 71 0'' NN DI o't Rwn o o L(Elasar et al. 2019
U711 WYL YITN QTN (17 RID NI MINunn (1770 TWKRD 91NN 7w 219¥n 77N
(Elasar et al. 2013, Roditi-Elasar et al. 2019) a1 n'ont

17 https://www.gov.il/BlobFolder/generalpage/enviromental_info_file3/he/Lev_Pipeline_habitats_2018.pdf
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,)2'97 .MITRA NNONNN 7100 [1an7 MIYRE 0N DWWz 7w Nan NidImy 7' yiT P md
[2'71 D" TIN" 7IT'2 "N DNIX D'NNONN 0N DNITX 0N LY NIW221 DY) NI7YN 1nd 0'an 02
.(Zeppilli et al. 2016) Wn'w? 0'9TVIN DITR DNXY 1191 DIINN

-B ,nn7nn ninpmna -A L7xaw 7w 070750 0 0NN nyaon ITRA 1I7anaw orTine 71ma na
Makovsky Y, Weissmann A, Tchernov :ni7'x .pmiy 'am%x -C ,0"011207 0'y701 [KNN 12 NIy
D, University of Haifa; Rubin-Blum M, IOLR; Antler G, Ben Gurion University & Ul

— DX 71T 'na

W' 0UTINY 21T M2 V) IR 20T N 'R 2ma n on 20-30% 7w nma v an? ot aT Ny o 7y
[ON7 W', T NIXN? 272N [uann 79 2y amw? no'kw 1inn .(Ceccarelli et al. 2021) (X'7n [91xa anY
D2 A7 [12RNENNANN 22102 ATA DT DY DX 7172 'N2 7w 2N [lIan 7V Diann NNiny
.(Day and Roff 2000)

7712 ,700N Y¥NN 210 -T'RXR 1I'R DT NOY ,07IN .7INYN D' NVY NN DX DINN )Y V¥ 9 g

[21n2 AlwN AITXR 72 NIO7ORNN D' NINAN DA )21 ITR? AITRA DDA L,'MITRN WIVAL Falyn ,Janan
D"9INNN 0N 722, NI7'NNA 775 0T DR N0 0 NYWRIRELOYN IR7A DN D'AXYA DINVYY 1IDTY
QX TTNNA NNINY [112N '2'70N2 YN NN NP Yim'ya IXD .'Vvnn dNo1 ‘N 071yal 10N Y¥na
27 .00 D't 71T N 7Y 0YPRD MY NYOWAL PINYn 0N D20 a7 1IN'7R YT 0N IRG N
NATIPRN NN NITIYY N2 2T DNNY 710' Nifm' DNMY DY 72T M e 27pwnn (1on
.(Fischer et al. 2019) nanwn o*xaN2l AT NIK?

7¢ 0NN ITNNY DAIWN DY171I7R D'TI79N 0'R7A0 ,0TINY DI'RYI D1AX'N 71T 'N12 071900 D'NVWN
N2IZIPRN NDIYAN 1IN'WY7 0NN DNl 0NN ITNAN 770D VYA D'YNNYAN ,0'20 D' 0TI
TTIANNYT T DA D™MIDNN D21'Wn 7700 770D (125NN '70N2 [INQ7 W' 2IWN 270 XK' DAY D0
Fischer et al. 2019, Milla-Figueras et al. ) o''ion 2172 *N2 *2a7 0*pn YT 101N IX NINTIN0IN DY
(2020

-Nva'a JINTn

D21 0NITR 77101 'n 200-1000 o'pnivin 2 yINYn Nw2aN [N 78180 1D' NN 0
Vi NIYI2 [N D'NNYO1 T NIZITA Y DWW LJI9¥] 7Y ' NN IR 097700
NID'OXN .NIYN DY T 71N Y¥N2 120AN 77131 '¥IQ y¥nn 101 [NTAn 2N .Nnoyp
XN N2 ‘NN NNAN DAT ,07IN ,7NIVN DY X' DA DT YXNN N NN 7w Y00
1901 70N XY |NTAN ,NNI7) DY [NTA 2ANN7EIRT AN jian XN jnmn IR
2v 'nn .(Lubinevsky et al. 2017) nnivw niNan oy 02IYA 0'PAIYA 7172 M2 7w 10

D' NIXI Y ¥R ,NID'DY ,01010 ,01N0 AT ,00A AT 'Y 7710 nwan |INTNa y¥nn
NN IRY? PAlyn DY NONIAI NID'ON] NT NNOY] 17X NIXIAP 112V DA .0'AIDO0I
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TI' 1'R DA 1A D ’x¥n) DT oy TR .(Goren et al. 2019 ,2014 nini '7011117)
,2 170 722 072NN NITRA DTIR ITVIN K7W DAY 0'2'A D1 [NTAN K7 7alvn Dy NNona
N7 ITRA 21717 VT'NA 21 IoNn 7y ,071V2 DNNKX IRy D' NITR? NN L,YRaYny an
.(Goren et al. 2019)

IN'nan vn

70 YX¥NN 12N 207 ,N'oN' NIVY KIN .0Mun 2500 a7 TV nwan [NTn? 1ayn X¥n
[l1IA1 NID'OXA [MDINN DT NVY .2WN-|IDX [I1I'27 NIT-DINT 11N NIZITA NI7YN INIXK NIXINI
D2 DN DT NVYWA 07'NNN N'YNN X, NITND OV Y¥nn N2 'n 7¢ n'on' 01N
Lubinevsky et ) anx a1on 7172 'Maa nrpnn 07100 X271 NDWAY 71ITaN 'NA7 D191NO0
DINI {702121%7) NI VYNAI DVYOI DAT APWA 7710 AT TR Yy 2V 'nn .(al. 2017
(2014

=-D"ANY79 7172 'N2

0'NA 'O1A [IIan 7Y "1an 21757 Y, NNIMYA NN DAaRY9N 71N ' v e
Ban et al. ) niiwa niya 178a 71Tan "Ma DX DfAXTMA DNITX 717071 NdNA hvwa
n'™M'DAI NIVIBNLA NI TA N DT 0'7T1IN 0N '91an NadYIN oM NTIny (2014
niandim omn 'o1a NN L(Puerta et al. 2020) ona n'x¥nin 02N 20702 oA DI
VYN .NMYI NDIX ,NPOIX NIYA -QNNAI AT NNYAL D'ITH 10YNN N1 NTNna
[l ZINYN 0N 29NY 0N 91 NARIERD NDWNN 7W npmaTnl DM 2070 W v
7w 0170220 DN ITRA LD 'O 7V QX .NWRIRN NITR TWRNA NIND TIY 17N DT ITRY
Wirtz ) o'wmdi 0f 'ax 0o 190N 193 oI, 180t n'zarr 7w Niroxn 1wt X!
Druon ) 1'210 N71N> N0 'AT7 DNV 21T "N INIT Do D'R7NA LD 1D .19(2010
(et al. 2016

= 7195w1 N

N71¥9 7w NN Navnd DFTI91 DNNK 190N NNW' DAN'AN 7IT'AN 'NA D KTH? NIXD 7V TR At [njpy
,N1"MD /M7109 N70N IX N'I9X X7 NNV NI'YD ,DIN'T ,091 NO'7T IND [IIdN K7 [IOX IX ,NPIAN X7 NIN'D
N7" 77wUn 7V X'D DT DINMIT WWXANA D071 D1ID'0N DIT'D .AXTAN NV NWR NYVAD N'N DNXYIN WX
.(Laffoley and kilarski 2008) "Tnx 702 n'¥'an 75 nX D'wY

2101 ,D"I0KXK D'YIN'Y 7712 — NID'X

Grorud-Clovert et al. ) nirmiani nirIzipR NI2VIN 7907 N7 TR N2 DTN YApN DNIMYN NID'WN

L2172 DIV NHOAL DAY VXN DRYDINAN 71T M2 (12 NI7700 ,NI7ITa Dim' NNy _-1N11 Ny
.0nI'p Jwnna YNl 0NN 72¥yn Nn7wn? o't ovn a7 wnTn 2Annn DX 7907 M1 NIYM

18 https://www.marinemammalhabitat.org/imma-eatlas/

19 https://accobams.org/
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N2YN NwN NIrORox 'Y 13 1"np 100-n ni7Zimn nnmy 72y ox'Ynn o nivn oNpnnn
.(Edgar et al. 2014) nawawn ni71px

N'MITN NN NAZIPRD NDIYAN 7V N1aN N'0AN N'Ypznl 0Mn DTNy 7V NN -N'Tem NN nian
,0'N NTINY2 D'YNINNN 070N ,0T [91IXA . TR N7N 2NN D'YNINA QYN NITH Y700 nav
nnan L7 (Valls et al. 2014) miya Da NdAvNN 2 T 02 1IN DNZNNI NN 7y 0'y'own
.(Agardy et al. 2016) n al'7izrn NdWNN TIEON NXI D'D'70NN 77D DI'P X N'VAN D' NN
V'IOUNT7 NI'I9XY D'77RN "11'Y NIYOYWN NdNT7 NNXYNN X PINYn 02 N'T'A NN NN 7w ni'vnn
(Chaikin et al. 2021, Morales et al. 2021) omn 122 0N *7p2 7W NDIRD DXIDNN 7V KW |12

NIWAID MINWN NVWA VDI TA 'MNIT' IX AT 1N N01N NI7'WD -NMINYN NVWA 11010 NI7'WD 110K
NNIMY 21 '2 ININ D71VN 2NN NNIMY NIRNNA DNZNNn . NRAIIERD NDWNAN TIZONI N1and NIYIN
NIMIYNRYN DIMRIPKRIXION NIARIEK NI7VIN NIN'ANN NNMY [0 ,N1070 NI7'YO '017N7 NNoX] [NaY
.(2019 nnin' ,Sala and Giakoumi 2018, Sala et al. 2018, Grorud-Clovert et al. 2021)

1DIX7 NIM' NNIMY NIY'YNY NRNNM 775 X wnan? nin 7y 0'wnT 0U2T0RON 71N 17D -NDDKI NIR'D
N2 0N 7V NN 70191 D'PO0N DI'N DRAIND D'TIDINN D71V 'AN12 D20 DAITX .Y Va0 Nty

NIX 19INY NN X'D D'YIN'Y I0'R 7Y NN .NUWA N9'DNI 7111 101NN 07110 DAY [N, N
Grorud-Clovert ) n2070N NI7'Y9N MI0'X 'IX1D OX1 DAY 72WI192 NMINYY? "0 v niimy"'n nown
(et al. 2021, Agardy et al. 2016
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NN N1ANN DTN N2 AT D'YAR D'ONTRID TNV DA DN DM NNMY 79 NIM'OONRN
N2VINN DX NIAIAN DNIMYN [0 5,210 721 DARWN 7181 7y 0701 110K 7N [N2Y NNy .nNinva
.Grorud-Clovet et al. 2021 :qiInn .anIra n2Yn n'Maaon

NI'M' NNIMY DY 7V 172" NI2Y NI ,0MNOXRY MIN'Y 7Ty Ty'? [1'0'1nn 77N ' wwn 0"y
nYYN? 1In' 178 NNMuYI 0TR NI7'Wo 7951 vynd Nn'pnn X7 |02 07NN DN DNITRA

1291 X7W NN NIMARIEK NN v nanT nian ,0vIx .(paper parks) 172 "vn 7w nnimy”
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27 O'X¥N1 1ITRA 02N D' LI7R DRI NIy (2017, Sisma-Ventura et al. 2014, Hecht 1992
DNIX PINT? D717V WK D'RINN 7 N1¥pPn? TNI'MA 0'w'AN D71 0'N2'0 O'KINY DN7Y NIT'aon 90Y
. (Rilov 2016) n'w719 0'am 7w NI0OANN TTIV? 221 N'AI7IEXRN NDWNY? Yinn 72X

N2'202 19¥1 12OW NIFTOINN NIYOWNN DX NI QX 1'NNYT N9 DY7RN "11'Y 7Y NINTNN NIiNann
:(Bindoff et al. 2019) nm'n

DA ITTNAI D' TITIN D' MITRA 1IX'Z [DIXA MO D' ' NINANNN XAl MIvI%n0a Ay -
nnn 2100 mw Ty orrt7x N2yn 1->1 Ni'2y%7 DX NIILdNLVN ,N"P 2 PaIva .ZInyn D2
QMM Niv'?9 wrnnn

20 https://marineprotectedareas.noaa.gov/nationalsystem/mpa-networks.html

21 Ceccarelli, D. M., K. Davey, G. P. Jones, P. T. Harris, S. V. Matoto, J. Raubani, and L. Fernandes. 2021.
How to Meet New Global Targets in the Offshore Realms: Biophysical Guidelines for Offshore Networks
of No-Take Marine Protected Areas. Frontiers in Marine Science 8

22 https://jncc.gov.uk/advice/marine-protected-areas/
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27 "A key concept used in IMCRA, and widely applied in conservation planning where direct observations
of biodiversity distribution are rarely available, is surrogacy. Surrogates of distribution of biodiversity in
the marine environment are usually physical attributes, such as seabed geomorphology or depth, that
provide a reasonable proxy for the distribution of biodiversity. Geological and oceanographic surrogates,
combined with available data on the biota in some places, were used to underpin the development of
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Map 2 IMCRA 4.0: Meso-scale Bioregions

Map 3 IMCRA 4.0: Geomorphic Units
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BACKGROUND
I shot. avyssal pisin Geomorphic units are the result of clustering Geoscience Australia's
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B Trerch, sadte In addition, the continental slope has been divided into regions based
on presence/absence and relative spacing of submarine canyons along the margin.
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Commonwealth Marine Reserves Review Report of the Expert Scientific Panel
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Assigned IUCN Category

CMR zone type IUCN Category assigned L.
description
Sanctuary Zone IUCN Ia—Strict nature reserve Managed mainly for science
. . B . Managed mainly for ecosystem
Marine National Park Zone TUCN II—National Park

conservation and recreation

Habitat Protection Zone

IUCN IV—Habitat/species Managed mainly for conservation
Recreational Use Zone management area through management intervention
Multiple Use Zone
General Use Zone TUCN VI—Managed resource Managed mainly for the sustainable
protected area use of natural ecosystems
Special Purpose Zone

imn JUCN-n 79 hm'win niminoiz? oknna vy (CMR) nf'2a001kn n'oNN VWA DNMWN al'o
.Beeton et al. 2015
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The Blue Half Project of the Society for the Protection of Nature in Israel is an NGO promoting a
comprehensive environmental reform to protect the marine ecosystems in the Israeli Mediterranean
Sea. The reform focuses on establishment of marine reserves, sustainable fisheries management,
endangered species protection, conservation-oriented marine spatial planning, and public
participation in marine conservation. The Israeli EEZ MPAs Masterplan initiative is a conservation
planning process aiming to balance between development and conservation in the Israeli EEZ, and to
reach the spatial target of 30% marine protected areas by 2030.



Summary

The Israeli EEZ in the Mediterranean Sea is subjected to several current and future anthropogenic
pressures. The area currently lacks significant measures that can balance conservation and economic
development, especially marine spatial planning and marine protected areas. The “Israeli EEZ MPAs
masterplan” project is a systematic conservation planning initiative aiming to outline a proposal for
well connected, representative and efficient network of marine reserves.

The first step of this process is collecting environmental data that can supply spatial data on
conservation features, such as representative, unique habitats and key species as a basis for the
plan.

A hierarchical classification system for ecological units was selected for the bioregionalization
process (identifying distinct biogeographic regions). At the broadest level we related to
biogeographic concepts, and at finest level we used cluster analysis, diversity and dissimilarity
measures to characterize biological assemblages. Then, we identified Vulnerable Marine Ecosystem
(VME) indicators in the area according to available data (9 VME indicator species and 2 indicator
habitats). These indicators were used in distribution modelling to calculate the probability of unique
habitats presence.

We ldentified 18 representative benthic ecological units with changing degrees of certainty
regarding their faunal composition. The distribution model yielded strong indication for VME
presence in over 3% of the EEZ, and additional Medium-strong indication for VME presence in over
14% of the EEZ.

The results of this work are to be revised by the project’s scientific advisors and then by a scientific
committee. Besides evaluating the quality of this work and its products, the revision process will be
used as experts’ consultation for deciding on conservation targets and other parameters to be
included in the next stage of the project — Spatial conservation prioritization using Marxan.



Glossary SDM: Species Distribution Models

ANOSIM: Analysis of Similarity SIMPER: Similarity Percentage
AOO: Area of Occupancy TSS: The Sum of Sensitivity and Specificity
AUC: Area Under the ROC Curve VME: Vulnerable Marine Ecosystem

BRT: Boosted Regression Tree

CART: Classification and Regression Tree
D2: Deviance Explained

EEZ: Exclusive Economic Zone

FORed: Functional Over-redundancy
FRed: Functional Redundancy

FVuln: Functional Vulnerability

GAM: Generalised Additive Model
GDM: Generalised Dissimilarity Model

GFCM: General Fishing Commission for
the Mediterranean

GLM: Generalised Linear Model
GSI: Geological Survey of Israel

IOLR: Israel Oceanographic and
Limnological Research

IUCN: International Union for
Conservation of Nature

MARXAN: Marine Spatially Explicit
Annealing

MaxEnt: Maximum Entropy

MPA: Marine Protected Area

PCA: Principal Components Analysis
PCoA: Principal Coordinates Analysis
RF: Random Forest

ROC: Receiver-Operating Characteristic
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Introduction

Marine conservation planning is the process of locating areas that will be primarily managed for
conservation objectives aiming to promote the persistence of biodiversity and other natural values.
Habitats and natural regions are used in conservation planning as planning units. This allows for MPA
network to reflect the key principles of MPAs design: Comprehensiveness, adequacy and
representativeness (Grorud-Colvert et al. 2021). For this purpose, the process requires spatial data
of habitats and species distribution in the area of the plan. This data is then used for
bioregionalization - a process by which the physical and biological variability in the environment is
analyzed, classified and mapped into spatial units, each with distinct biological, ecological and
physical properties (Dunstan et al. 2020).

Although there are several approaches for marine bioregionalization and habitat classification
schemes, most are using hierarchical classification systems where regions are identified on a range
of hierarchically nested scales (Howell et al. 2010). Using a hierarchical scheme has several
advantages such as providing context for spatial information and common reference for discussion
and decision making (Harris 2020).

Marine habitats hierarchical classification schemes are widely described in the scientific literature,
and many were successfully applied around the globe. Most schemes are “rule-based”, meaning that
different levels in the hierarchy are defined on the basis of a theory that explains the difference
between levels (Poiani et al. 2000). For example, range of physical parameters that apply over broad
area (e.g., Roff et al. 2003), physiographic provinces and geomorphology of the sea floor (e.g.,
Greene et al. 1999), or range of bioregions (e.g., Madden and Grossman 2004). A scheme developed
in Australia by Last et al. (2010) was especially designed for the selection of a national
representative system of MPAs. This scheme integrates biological and physical criteria, with
empbhasis on different criteria at different levels in the hierarchy (see Figure 1.).
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Figure 1. The conceptual hierarchical framework used for classifying seabed biodiversity as applied
to marine resource planning and management in Australia. It shows the 10 nested levels existing
within an ocean realm. Adopted from Last et al. (2010).

Hierarchical classification systems have the intrinsic predictive power of describing the relationships
between physical habitats and their associated biological communities. Thus, a hierarchical
classification system must be able to be modified when missing components are identified (Roff and
Taylor 2000). This is especially important and useful for bioreginalization of deep-sea areas where
biogeography concepts are less developed and significant data gaps exist for faunal distribution,
biology, and ecosystem functionality (Howell 2010, IUCN 2019). In addition, although knowledge of
biological facies distribution in deep-sea bioregion is important for setting conservation priorities,
some facies are spatially restricted or rare and may be misrepresented in a broad-scale
bioreginalization. These are often most vulnerable to anthropogenic impacts and may need to be
given a high conservation priority. For example, oases of vulnerable and unique biological
assemblages at the muddy plains of the deep sea such as chemosynthetic ecosystems around cold
seeps, coral gardens and sponge grounds. An adequate representation of these key conservation
features in the planning process, can be achieved by using species distribution models to predict
presence of these habitats in vast underexplored areas of the deep sea (Rengstorf et al. 2012,
Cordes et al. 2016).

The Israeli EEZ in the Mediterranean Sea is subjected to several anthropogenic pressures and is
currently lacking significant measures that can balance conservation and economic development.
Currently, there are neither MPAs declared, nor a comprehensive planning that considers
conservation priorities, and environmental and planning legislation is partial. Future pressures are
expected to rise and climate change impacts to increase.

Benthic and pelagic habitats in the EEZ were previously described, to some degree, in the strategic
environmental assessment conducted by the Israeli Ministry of Energy’s project between 2014 and
2016%. The survey intended to form a knowledge base and act as a decision making tool for the
Petroleum Commissioner in granting petroleum exploration and production rights offshore Israel,
aiming to minimize potential harm to the ecosystem while evaluating other benefits of
environmental, social, and economic value. The results of the survey and further updates that were
performed along the years, highlighted limited presence of highly vulnerable, yet rare, benthic
habitats in the region. However, since the scope of the survey was not conservation-planning
oriented, the ability of the products to fully represent habitats’ variability and complexity in the
Israeli EEZ is limited.

The “Israeli EEZ MPAs masterplan” project is a systematic conservation planning initiative led by the
SPNI in collaboration with the ministry of environment, academia and IOLR. The need in
conservation planning, planning principles, objectives and project’s structure are all detailed in the
background document of the project?. The first step of this process is collecting and analyzing
previously collected environmental data as the basis for the MPA planning.

This report presents the environmental data collection and analyses for the Israeli EEZ MPAs
masterplan project. The work was carried out between July 2021 and July 2022. The main products
of this work include the following spatial data layers:

L https://www.energy-sea.gov.il/English-Site/Pages/Data%20and%20Maps/Strategic-Environmental-
Assessment-(SEA).aspx , the survey conducted by Geo-prospect and IOLR
2 The background document written in Hebrew in 2022. See Appendix 3.
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1. Representative benthic ecological units
2. Unique benthic habitats

For each of these products, the report includes a detailed methodology section on data collection
and analyses performed, results section, and discussion that aims to highlight key issues for
consultation and decision-making.

The products of this work should be adjusted following peer-review and scientific consultation with
experts prior to their use in a spatial prioritization for conservation in the next stage of the project.
Moreover, the products should be subjected to updates following new finding and data collection
that are expected in the area in the near future.



Methods

Study area

The area of the plan is the Israeli EEZ (hereafter = EEZ). It spans 22,000 km?2, about 100-180 km from
the coast and beyond the territorial waters® (see Figure 2). The area borders the Lebanese EEZ* in
the north, The Egyptian EEZ in the south, and the Cyprus EEZ in the west. Depth ranges from about -
200 m in the east and about 2500 m in the west.

3 3P0 2°0E 3°0E 340E 300 IFE IPM0E II0E 3I0E IFA0E I0E  ME  IOI0E IAP0E IWE MOAE IS0E ISE  IPI0E ISTOE ISPHE IS0E IP0E 36
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Israel’s exclusive economic zone Ao = & ! o ...
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Figure 2. Area of the plan — The Israeli exclusive economic zone in the Mediterranean Sea

Data collection

Biotic data
Biological data was obtained from a literature review on the species and habitats present in the

Israeli EEZ (Table 1 and Annex 5). The final dataset included spatial information on about 800 taxa,
belonging to phyla ranging from Porifera through Annelida and Mollusca to Fish, Reptiles and
mammals. Additional data exist from the area but could not be used as it is inaccessible to us due to

security regulations.

Thereafter, we collected taxonomical information to each taxon using the WORMS?® database,
making sure that all species names and taxonomic affiliations are correct and up-to-date to avoid

overlaps. We also used Fishbase®, Sealifebase’, scientific papers, and WORMS to collect

332.9707681°E 32.8974153°N, 33.8898422°F 33.6568865°N, 34.8825870°E 33.1820763°N, 34.1057453°E
32.6768777°N, 34.1057453°E 32.6768777°N

4 Negotiations for determining the maritime border between Israel and Lebanon are ongoing

5 https://www.marinespecies.org/

5 https://www.fishbase.se/search.php

7 https://www.sealifebase.ca/
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zoogeographic (habitat, collection coordinates, depth range, local or invasive), and ecological data
(feeding guilds, size group, sensitivity according to the IUCN), to determine each taxon’s ecological

attributes.

Table 1. Data sources, sampling methods and number of observations of biological data collected

Data source Data type Sampling Number of
methods observations
Peer-reviewed papers | Deep-sea expeditions (such as the Grab and core 2171
Meteor) and biological studies on sampling of
deep-sea organisms from the Levant | sediment,
trawling and ROV
video surveys
Scientific reports Surveys conducted around sites of Box-corer and
conducted by Oil and gas drilling wells, before and after visual data
Gas companies drilling commenced, in accordance collected by ROV
(submitted to the with the license provided by Israeli
Israeli Ministry of government
Energy)
Scientific reports Surveys conducted for monitoring Trawling and box- | 3050
conducted by IOLR purposes from 1993 until 2022, corer
scientific research and the strategic
environmental assessment (see
footnote 1)
Data submitted to Deep-sea expeditions and scientific Box-corer and 87
online databases® research data uploaded to un open visual data
access database
Unpublished data Nautilus 2010 and 2011, SEMSEEPS Visual data 999
from ROV footages 2016 and 2017 CSMS-IOLR joint ROV | collected by ROV
and samples cruise onboard RV Bat-Galim, in the
framework of MERCI®. Analyzed by
several researchers in the frame of

8 https://obis.org/

% https://merci.haifa.ac.il/?lang=en
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AMELY (Weissman, A., Ezra, O.,
Goren, L., Idan, T., and Reinhard, W.)

All data were converted to GIS feature classes, where data with a single coordinate was stored as a
point feature, and data with two coordinates (i.e., trawls) was stored as a polyline feature. Since the
spatial accuracy in most cases was not recorded, we removed any data for which sampling method

was unknown or assumed to be with a very low spatial accuracy.
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Figure 3. Sampling points in the EEZ. Major data sources include IOLR surveys (i.e. IOLR 2016), gas
companies surveys and academic researches.

Abiotic data
To estimate typical fields of physical and chemical parameters on different levels we used

observations extracted from Cast DB of IOLR! for the period between 1990 and 2020 to avoid bias
related to the Eastern Mediterranean Transient (Incarbona et al. 2016). For surface layer (3 m level)
and 100 m level all parameters calculated separately for summer season (July-September) and

winter season (January-March). For levels below 100 m all observation was used without seasonality

10 AMEL - Applied Marine Exploration
11 https://isramar.ocean.org.il/isramar_data/CastMap.aspx
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The observations from the DB are arranged in vertical casts. The interpolation procedure was carried
out with vertical interpolation to constant depth levels and a bottom level, followed by horizontal
interpolation to a rectangular grid. For the calculation of values at the bottom layer, we used gridded
bathymetry®? () and collected the deepest values of observation casts in which the bottom of the
cast is at most 50 m above the gridded bathymetry. For constant depth levels, observations on each
relevant cast were linearly interpolated. The horizontally scattered observations on each level were
interpolated using the Kriging tool in the commercial software “SURFER” (Golden software
company). Kriging assigns weights to the surrounding measured values in deriving a prediction for an
unmeasured location. Within Surfer, Kriging can be either an exact or a smoothing interpolator
depending on the user-specified parameters. It incorporates anisotropy and underlying spatial
trends in an efficient and natural manner. The grid geometry (544 rows x 580 columns, Xmin =
32.789583°, Xmax = 35.202083°, Dx = 0.004167°, Ymin = 31.489583°, Ymax = 33.752083°, Dy =
0.004167°) includes the Israeli EEZ. The Kriging tool was set to replace multiple observations within
2E-07° of each other by their median value. For each grid point, the Kriging tool only considers the
influence from observations that are within 1.28° of that point. The grids after Kriging were

smoothed by low-pass numerical filter averaging 9-nodes (3x3). See maps in Annex 4).

Table 2. Abiotic parameters used in the analyses, number of sampling stations and sampling periods.

For benthic ecological units analyses, only data collected within the 50 m above seafloor was used.

Variable Numbers of From date To date
stations

Concentration of carbon (organic) 48 3/10/2013 3/15/2013
Concentration of carbon (total inorganic) 50 3/10/2013 3/15/2013
Concentration of nitrate+nitrite 227 8/12/1990 3/16/2020
Dissolved oxygen 611 8/12/1990 3/16/2020
Concentration of phosphate 240 3/10/2013 3/16/2020
Concentration of silicate 205 8/12/1990 3/16/2020
Practical salinity 669 8/12/1990 3/16/2020

12 https://www.gebco.net/data _and products/gridded bathymetry data
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Temperature 666 8/12/1990 3/16/2020

Bathymetric data and attributes
The Israeli EEZ has been fully mapped with multibeam by the IOLR at a resolution of 25 m, with data

quality varying between regions (Kanari et al., 2020). However, due to imposed national security
limitations the data was only made available to our analysis at the publically released 100 m
resolution. Bathymetric data was therefore obtained from the highest resolution alternative sources:
Kanari et al. (2020) bathymetric multibeam digital elevation model (DEM, in resolution of 100 m),
Gvirtzman et al., 2015 seafloor picks of 3D seismic data (normally obtained at a 12.5 m grid
resolution), and local multibeam grids (provided at 50 m resolution) . All data were calibrated to
Kanari et al. (2020) DEM, combined and re-grided to a uniform 25 m resolution. The bathymetric
attributes where then measured from the high resolution data and mapped to the 2 km resolution of
our modeling, providing the maximal or averaged values and the standard deviation or range in each

2 km grid cell. This allowed for ecological units analyses at 2 km grid to be based on high resolution

attributes.

Figure 4. The bathymetric datasets combined to form the 25 m resolution DEM, which was used for
extracting the bathymetric attribute maps. Blue outlines are areas where multibeam data was
available at a resolution of 25-50 m. Black outlines are areas where seismic data was normally
available at a resolution of 12.5 m.

Representative benthic ecological units
In the current project we adopted the Australian habitats classification system developed by Last et
al. (2010), since this scheme is clearly planning oriented and presets classification levels that can be
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produced using the existing data available for the Israeli EEZ. Slight adjustments to Last et al. (2010)
methodology were preformed to fit the existing available data and area characteristics:

- Levels 4 and 5 were merged- Substrate diversity is low in the Israeli EEZ and does not justify
two classification levels of biotopes.

- Levels 6 and 7 were merged for some of the facies and communities in areas where sampling
did allow for indicator species identification or where taxonomic identification was
inconsistent and could therefore bias indication.

After adjustments, the hierarchical classification system for benthic ecological units included five
levels as presented in Figure 5.

1. Criteria for habitat classification

3. Map of
Province Representative
l Habitats
Bathomes Areas where the biological
assemblage was unknown,

representative habitat was
defined based on geomorphic
domain

2. Delineation of
habitats

Biological C 1 Biological assemblages that are
distributed in multiple

assemblages P
g K(f\ geomorphic domains are

considered separate
representative habitats

Geomorphology \’%& \‘_\\ \!/

l N=

Biotopes

Figure 5. Hierarchical levels used in bioregionalization of the Israeli EEZ and conceptual ecological
units delineation process.

Province

Characterized as Mediterranean Sea - Levantine basin, based on common biogeographic features
(see Annex 1).

Bathomes

Based on commonly used classifications for the area and water masses classification suggested by
IOLR (2016), three bathymetric depth ranges were defined for the EEZ: 200-600 m, 600-1000 m and
below 1000 m (see Annex 1).

Geomorphology
Geomorphic domains were defined based on the features described by Gvirtzman et al. (2015) and

Kanari et al. (2020) and the Hydrate stability boundary estimated to intersect the seafloor of the EEZ
at the water depth of ~1200-1300 m (Figure 6 and see Annex 1).
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Figure 6. Geomorphic features in the EEZ adopted from Kanari et al. (2020). The features were used
to define geomorphic domains. For detailed description of the features, see Annex 1.

Biotopes

Grain size distribution data was adopted from Elyashiv and Kruvi (2016). Sediment distribution was
re-modelled in the EEZ using the bulk sediment d10, d50, d90, clay fraction, silt fraction, sand
fraction and total organic carbon data. Initial analysis included a principal component analysis (PCA)
and a correlation matrix analysis to identify codependences between the different observed
sedimentary properties, and their relation with the sampled seafloor water depth. Based on
clustering in the PCA space, the data were split into two subsets across the 600m bathymetric
isobath. Each subset had gone through a second correlation matrix analysis with water depth
included as a parameter. The correlation was tested for linear and non-linear relationships. Linear
relationships with water depth were modelled using simple linear regression. Non-linear
relationships with water depth were defined by seeking an optimal fit. Where no significant relations
could be found with the water depth, modelling was carried out using identified dependencies on an
intermediate parameter (see Table 3).

Table 3. The following relation and transformation types were used to model the parameters (for a
detailed specification of the regression equations used see Annex 1):

d10 d50 doo %clay %silt %sand %TOC
Above | Modelling | Water | Water Water Water Water Water Water
600m | parameter | depth depth depth depth depth depth depth
Relations Linear* | Power Power Log- Log- Power Log-
Linear Linear Linear*
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Below | Modelling | Water | %silt %sand %silt, Water Water Water
600m | parameter | depth %sand depth, depth depth
longitude
Relations | Log- Linear Log- Delta Log- Exp Log-
Linear Linear Linear Polynomial | Linear

*only data below a water depth of 120m were used.

The resulting equations were used to populate a lat/long grid with a 0.1° resolution across the EEZ,
this grid was then interpolated using triangulated irregular network (TIN).

Biological assemblages

The biological data set used for biological assemblage characterization consisted of 332 taxa
obtained from 4009 observations'®. Data were projected onto a grid consisting of 0.1*0.1 decimal
degree cells — all observations within cells were combined to generate a presence/absence matrix of
taxa, after dropping cells with only a single taxon. Data cleaning included exclusion of observations
where: 1. the taxonomic identification only included class or higher levels, and/or 2. the sampling
method was unclear, and/or 3. The spatial reference was unclear. In addition, taxa with questionable
identification (e.g., taxa that are unknown to occur in the Mediterranean Sea) were excluded based
on expert opinion. Furthermore, conservative approach was adopted to avoid over-counting of taxa,
by merging several taxa into higher taxonomic level, to prioritize the less specific identification in
cases where specific identification (e.g., to species level) was unavailable.

13 The remaining 468 taxa for which distribution and ecological data was collected, and which were not used
for biological assemblage characterization are available for use as background information for the plan and

further analyses if necessary. These mostly include Chordata which are generally less useful for characterizing
benthic habitats.
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Figure 7. Conceptual process of biological assemblage characterization process

The clustering methodology followed (Castro-Insua et al. 2018). Dissimilarity between cells was
calculated using the Simpson dissimilarity index (Simpson 1960) to minimize bias caused by variation
in alpha diversity as a result of unequal sampling effort, methods, periods, and taxonomic analyses
in the EEZ. Simpson dissimilarity was calculated by partitioning Sorensen dissimilarity into turnover
and nestedness components (Baselga 2010) using the beta.pair function in the ‘betapart’ package
v1.5.6 (Baselga et al. 2022), and extracting the turnover component (equal to Simpson dissimilarity).

Hierarchical clustering was performed on the dissimilarity matrix using the hclust function with the
Ward clustering algorithm. Optimal number of clusters was selected using Analysis of Similarity
(ANOSIM) tests on k clusters ranging from 2 to 50. The ANOSIM test statistic R was then plotted
against k, and the optimal k was chosen as the minimal value for which k+1 did not cause a relevant
increment in the ANOSIM R statistic, determined by visually assessing the plots (see results, Figure
10).

To visualize and compare patterns of diversity between cells and clusters we calculated:

- Alpha diversity for each cell and cluster with Simpson index (Simpson 1949). Then, Beta
diversity was calculated between clusters using Sorensen dissimilarity, partitioned into
turnover and nestedness components. High degrees of nestedness between clusters were
treated as indicative of clusters belonging to the same biological assemblage.

- Functional diversity for each cluster by combining different taxa into distinct functional
entities (Table 4). Functional entities were defined based on food guild and habitat type
(benthic carnivore, infaunal deposit feeder, etc.). Functional richness was calculated as the
number of functional entities in each cluster. Three indices of functional diversity were then
calculated for each cluster (Mouillot et al. 2014):
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1. Functional redundancy — the average number of taxa per functional entity.

2. Functional over-redundancy — the proportion of taxa in functional entities above the mean
level of functional redundancy.

3. Functional vulnerability — the proportion of functional entities with only a single taxon.

It is important to note that these variables were not used for clustering but only for more
comprehensive description and further investigation of the clusters.

Table 4. List of functional entities and the habitat types and food guilds they represent

Functional Entity Habitat Type Food Guild

fe_1 Infauna Deposit Feeder
fe_2 Infauna Filter Feeder

fe_3 Infauna Carnivore

fe_4 Benthic Carnivore

fe_5 Benthic Suspension Feeder
fe_6 Benthic Deposit Feeder
fe_7 Benthic Omnivore

fe_8 Benthic Filter Feeder

fe_9 Infauna Omnivore

fe 10 Benthopelagic Carnivore

fe_11 Infauna Suspension Feeder
fe_12 Benthic Herbivore

fe_13 Benthic Chemosymbiont
fe_14 Infauna Parasite

A Generalized Dissimilarity Model (GDM) was constructed to correlate biological distances between
faunal communities to distances in environmental predictors. The abiotic features used for the GDM
are detailed in Annex 1.

Uncertainty around the I-splines depicting the functional responses of compositional dissimilarity to
each environmental predictor was plotted using a subsampling bootstrapping. 100 bootstraps at
70% subsampling, were run. Spatial predictions for compositional dissimilarity were then generated
for each environmental predictor based on the final GDM model, and the predictions were projected
onto three-dimensional ordinated space using a PCA. The PC values were then scaled to RGB color
channels to generate a map where dissimilarity in colors represents predicted biological dissimilarity.

Using the final biological assemblage polygons, additional SIMPER were run to calculate the
contribution of each taxon in a community matrix to dissimilarity. Pseudo-abundance was calculated
for each biological assemblage as the sum of unique observations per taxon (since abundance data
are needed for this analysis). Taxa that contribute at least to 70% of the difference between each
pair of biological assemblages were identified as the most important to differentiation between
assemblages.

For each discrete biological assemblage, descriptions of the habitat, justification for grouping, and
defining features are provided (see Results section and Annex 1).

To quantify uncertainty in the definition of the biological assemblages, five different measures were
calculated, all relating to uncertainty in faunal composition (rather than assemblages’ spatial extent).
These measure can be used to evaluate the degree of which the assemblages represent distinct
compositions of taxa:
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1. Proportion of each taxon’s area of occupancy (AOO; calculated following International Union
for Conservation of Nature (IUCN) recommendations on methodology to calculate area of
occupancy, by summing the number of 2km? cells in which the taxon is present) represented
within the biological assemblage (Bland et al. 2017). The higher this proportion, the more
this taxon is unique to the assemblage, with 100% representing an endemic species. This
measure was averaged across all taxa in each assemblage.

2. Proportion of endemic taxa, calculated for each biological assemblage as the number of
endemic taxa divided by the total number of taxa recorded there.

3. Proportion of the assemblage’s area represented in the taxon’s AOO. The higher this
proportion, the more common and widespread the taxon is throughout the area of the
assemblage. This measure was averaged across all taxa in each assemblage.

4. Sampling density per km?, calculated as the number of unique samples divided by the area
of the assemblage.

5. Taxonomic identification, ranging from 1 (identified to phylum level) to 5 (identified to
species level). This measure was averaged across all taxa in each assemblage.

These five measures were then converted to rank orders, to generate a relative certainty, with 1
being the least certain assemblage, and 5 being the most certain. The rank orders of the five
measures were averaged to generate a final, relative certainty measure for each biological
assemblage. Certainty scores were also calculated using a weighted and unweighted average
approach to examine sensitivity to weighing.

All analyses for characterizing biological assemblages were performed in R v4.1.3 (R Core Team
2022).

In addition to the biological assemblages that were identified, we included biological assemblage of
unique epibenthic habitat described by Hyams-Kaphzan et al. (2018) and Almogi-Labin and Hyams-
Kaphzan (2016) and classified using Foraminiferous species. The GDM map was used to roughly mark
the boundaries of this assemblage. Certainty score for this assemblage was qualitatively defined as
1.

Delineating representative ecological units

Each biological assemblage was delineated in the context of and according to the levels above it to
define representative ecological unit. Where biological assemblages are unknown, ecological units
were delineated based only on the above level, and especially by the geomorphic domain that are
known to have relatively high predictive power of habitats distribution (see Figure 5).

Unigue benthic habitats

To assess the possible extent of VMEs in the EEZ, several indicator taxa for the presence of VMEs
were chosen. The taxa chosen are either habitat forming species, as well as taxa which are known to
be strongly associated with VMEs. Following a thorough literature review, and considering the
International Union for Conservation of Nature (IUCN) and General Fishing Commission for the
Mediterranean (GFCM) guidelines, a list of approximately 110 taxa was compiled, whose presence in
the surveyed area could potentially indicate the presence of a dozen types of VMEs. This list was
further filtered to include only the taxa whose level of indication for VMEs was considered high or
medium (~80 taxa, see Annex 1), and that had a sufficient sample size (9 taxa).

Species Distribution Models (SDM) were constructed using an ensemble approach (Aradjo and New
2007), and based on the same environmental predictor layers that were used to construct the
representative ecological units GDM (see above).
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Table 5. List of indicator species considered in the species distribution models, the VME they inhabit,
and the level of indication they provide for its presence.

Name Group Number of VME
observations

Antipathes Black corals 153 Coral gardens

dichotoma

Isidella elongata Black corals 60 Coral gardens

Swiftia pallida Black corals 189 Coral garden

Viminella Sea pens 38 Coral gardens

flagellum

Chemosytnhetic Polychaeta 22 Cold seeps

tube worms

Lamellibrachia Polychaeta 19 Cold seeps

anaximandri

Thyasira flexuosa | Bivalvia 7 Cold seeps

Funiculina Sea pens 88 Sea pen fields

quadrangularis

Rhizaxinella Sponges 23 Soft bottom

shikmonae sponge ground

For each species, 500 pseudo-absences were randomly generated across the EEZ. Environmental
variables for each point, both presences and pseudo-absences, were then extracted from each
predictor layer. The data were then randomly divided into a 70% training set used to build the SDMs,
and a 30% test set for validation. Six different algorithms were used to construct SDMs from the
training set:

1.

Generalised Linear Models (GLMs) were fitted with a binomial family and logit link function,
for both linear and quadratic terms of the predictor variables. Automated stepwise model
selection based on AIC scores was then performed using the step function to remove non-
informative predictor variables.

Generalised Additive Models (GAMs) were fitted with the gam function in the “gam”
package v1.20.1 (Hastie 2022), using smooth splines with 4 degrees of freedom for each
predictor variable.

Classification and regression trees (CARTs; Franklin 2010, Guisan et al. 2017) were fitted
using the rpart function in the “rpart” package v4.1.16 (Therneau and Atkinson 2022).
Internal cross-validation (xval) and minimum number of observations available to define a
split (minsplit) were set at their default values of 10 and 20, respectively.

Random Forests (RFs; Hastie et al. 2009, Guisan et al. 2017) were fitted using the
randomForest function in the “randomForest” package v4.7-1.1 (Liaw and Wiener 2002). The
number of trees to grow (ntree) was set at 1000.

19



’

5. Boosted Regression Trees (BRTs) were fitted using the gbm.step function from the “dismo’
package v1.3-5 (Hijmans et al. 2021), The Bernoulli (=binomial) family was used,
tree.complexity was set at 2, and bag.fraction and learning.rate were set at their default
values of 0.75 and 0.001, respectively.

6. Maximum Entropy (MaxEnt; Phillips et al. 2006, Elith et al. 2011) models were fitted using
the maxent function in the “maxnet” package v0.1.4 (Phillips 2021).

Using the 30% test set, several different measures of model performance were calculated. The
optimal threshold for converting continuous predictions to binary (presence/absence) was
chosen by optimising the sum of sensitivity and specificity (TSS), calculated by generating a
confusion matrix from the observed and predicted test data to assess the frequencies of true
positive results (sensitivity) and true negative results (specificity). Additionally, the area under
the curve (AUC) of the receiver-operating characteristic (ROC) was calculated, which can be
interpreted as the chance of assigning a higher predicted occurrence probability to a presence
compared to an absence point, with values over 0.9 interpreted as excellent predictive capability
(Araujo et al. 2005). Finally, the deviance explained (D?) by the prediction in the test set was
calculated.

Using the environmental layers, spatial predictions for the probability of occurrence of each taxon
were calculated with each of the six SDMs. Then, ensemble predictions were generated for each
taxon using four different types of aggregation: mean probability, median probability, weighted
mean probability (weighted by TSS), and committee average of binary predictions (The proportion of
models predicting a presence above the optimal threshold). The best method of aggregation for
each taxon was selected by maximising TSS, AUC, and D?, in that order.

To generate predicted probabilities for the presences of the different VMEs, predicted probability
maps of the best ensemble model for each taxon were clipped to only include probabilities above
the optimal threshold. Then, a weighted mean of the predicted probabilities of all indicator taxa in
each VME was calculated (weighted by TSS of the best ensemble models) to generate the probability
of VME presence in each cell. Predicted probabilities were set at 1 in cells where indicator taxa were
directly observed.

Finally, a relative certainty score for the VME prediction maps were generated by calculating the
standard deviation between the six SDM predictions for each taxon, and calculating the mean SD
across all indicator taxa for each VME. SD was set at 0 in cells where indicator taxa were directly
observed, and was then converted to a certainty index, ranging from 0 to 1, and inversely
proportional to SD - thus, in the extreme cases, cells with a certainty of 1 and predicted probability
of 1 represent absolute certainty of VME presence, cells with a certainty of 1 and predicted
probability of O represent absolute certainty of no evidence for VME presence (all models for all
indicator taxa predict below the suitability threshold), and cells with a certainty of 0 indicate high
uncertainty regarding the prediction for VME presence or absence (model predictions greatly differ
from one another).

Gas seep pockmarks and Rocky Habitat distribution possibility
Gas seep pockmarks and rocky habitat distribution possibility was performed using ArcGIS Pro
(v.2.9.3) and was created for 2X2km grid by combining three models:

1. For the areas of ‘Palmahim A’, ‘Palmahim B’ and ‘Palmahim C’, we generated a reduced
version of the potential map as described in Makovsky et al. (2020).
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The possibility model for the southern ‘deep-sea fan’ and ‘base of slope’, was generated
based on pockmarks observations using fuzzy logic method. First, the observations were
weighted according to Makovsky et al. (2020). Then for each weight class, we generated a
separate raster to represent the distance from each pockmark within the same class. The
generated rasters were transformed to a scale of 0-1 by using the ‘small’ non-linear function.
A ‘midpoint’ of 1500 and a ‘spread’ value of 1, were used. The result rasters were then
multiplied by the assigned weight, and merged by giving the maximum value in case of
overlapped cell.

The north part of base of slope, was modeled using similar method as previous described.
However, in this case the distance from a fault was also considered as a condition, since it
was found to be correlated to the number of observed pockmarks. For this purpose, we used
Kanari et al. (2020) faults mapping, and summed the transformed ‘distance-to-fault’ raster
with the transformed ‘distance-to-pockmark’ raster using weighted sum method. Where the
later condition was weighted twice higher.
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Results

Representative benthic ecological units

Detailed description of the hierarchical levels used for classifying representative ecological units are
available in Annex 1. The following results include the main new findings that were used for the
classification.

Considering the combined impact of the geomorphological factors, and the resulting seafloor
morphology, we define 10 large scale geomorphic domains as the basis for classifying the
representative ecological units of the Israeli EEZ:

Upper Slope. Delineated by the 200m isobath to the east (marking the edge of the continental shelf)
and the 400m isobath to the west. The 400m isobath marks the top of the head scars of large
submarine landslides in the central and southern part of the slope. This area is characterized by a
gentler inclination relative to the rest of the slope.

Lower Slope. Delineated by the 400m isobath to the east and the base of slope (defined by the
regional structural change of the slope., which is not necessarily aligned with an isobath) to the
west. This area includes the slumps and submarine landslides along the southern and central part of
the slope and the canyons at the north part of it.

Base Slope. Delineated by the base of slope to the east and the 1250m isobath (top of the hydrate
stability field) to the west. This area is characterized by extensive presence of small pockmarks and
active gas seepage in some locals.

Palmahim C. Outlined by the head scar of the Palmahim Disturbance (PD), which forms a local
depression with enhanced dips relative to its surrounding to the east, north and south. This area is
characterized by stepped topography and transport of material from the surrounding highs, and
possibly rocky outcrops and some small pockmarks.

Palmahim B. Defined as a union of the coral gardens areas (as defined in Makovsky et al. (2020)) and
bounded to the east by the Palmahim C area and to the west by the simpler central part of PD. This
area is elevated from its surrounding to the north and south, forming complex bathymetry at the
drops of both sides, and is characterized by a complex and varied geomorphology. Authigenic
carbonates are known in several localities across this area, notably to the north and south of it,
colonized by unique cold water coral communities.

Palmahim A. Delineated by the Levant Channel to the west, the lower slope part of PD to the east
and the transition to flat geomorphology to the north and south. This area is characterized by
complex geomorphology includes folds, faults, ridges, seepage. Large pockmark and active gas and
brine seepage have been documented in this area with their accompanying ecological hotspots.

Sediment Waves. Delineated by the eastern flood plains of Levant Channel to the west, the 1250 m
isobath to the east and the transition from sediment waves to folds in the south. This area is
characterized by large (>1km in width) sediment waves, associated with prominent ESE to WNW
sediment transport features.

Main Deep-Sea Fan. Delineated to the north by the Levant Channel flood plains, to the south by the
1250m isobath (gas presence) and to the east by the foothills of the PD (Palmahim A). This zone is
characterized by prevalent deep-water channels, over-bank deposits, deep-water fans, folds and
faults are also present.
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Southern Deep-Sea Fan. Delineated to the north by the 1250m isobath (range of gas presence) and
to the east by the base of slope. Part of the Deep-Sea Fan marked by prevalent presence of
pockmarks and indications of active seepage. Of these most notable is the large Gal-C pockmarks,
where active seepage and deep-water benthic fauna were observed. This area hosts the bulk of the
deep-water fans and over-bank deposits as well as exhibits a denser faulting system relative to other
parts of the Deep-Sea Fan.

Deep Plain - Delineated by the eastern flood plains of Levant Channel to the west, the 1250 isobath
to the east and the sediment wave domain to the north. This is a relatively flat area without strong
complex geomorphology features, the main features present are gentle folds (in the western part of
his area) and some faults (in the eastern part of the area).

50
Kilometers

Figure 8. Geomorphic domains in the EEZ.

Sediments analysis demonstrates that carbonate detritus in the sediment originating from pelagic
and benthic sources, weaken the correlation of grain size with the depth and distance from the
coast. Notable in this respect is the significant contribution of carbonate to the sand fraction, and
particularly in the deeper parts of the basin, indicating the biogenic source of most of the sand-size
grains (Figure 9)
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Figure 9. Sediments distribution in the EEZ. Sand = grain size of 63-2000um; Silt = grain size of 8-
63um; Clay = grain size <8um; TOC = total organic carbon - represents the organic matter in the
sediments; d90 = 90™ percentile of grain size distribution in sample; d50 = 50" percentile of grain
size distribution in sample. The raw data used for the analysis was obtained from Elyashiv and Kruvi
(2016).
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In the cluster analysis of the biological data an optimal number of 14 clusters was selected (Figure
10).
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Figure 10. (A) Plot of ANOSIM test statistic R against k clusters. The vertical grey line represents the
optimal k (=14) that was selected. (B) Dendogram showing hierarchical clustering of cells based on
Simpson dissimilarity, colored by cluster, with inset PCoA plot showing the clustered cells in
multidimensional ordinated space.

Some clusters showed strong geographical cohesiveness (e.g. 8, 13; Figure 11), whereas others were
geographically extremely widespread (e.g. 1, 3, 4, 12).
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Figure 11. Map of 0.1*0.1 degree cells colored by clusters based on Simpson dissimilarity. Depth is
shown in a greyscale gradient, with darker colors representing deeper seafloor, and blue lines
denoting different geomorphological domains.
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Biological assemblages were generated based on the results of the clustering analyses and through
examination of unique faunal elements in different assemblages. Clusters were joined together or
split apart to reflect unique faunal assemblages, which likely represent distinct ecological functions,
and based on predicted dissimilarity according to the GDM. A final map of 5 biological assemblages
was generated (Figure 12).
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Figure 12. Map of distinct representative biological assemblages, based on clustering done on
0.1*0.1 degree cells. Depth is shown in a greyscale gradient, with darker colors representing deeper
seafloor, and blue lines denoting different geomorphological domains.

Notably, some cells are not represented in the final map, particularly in clusters 1, 3 and 4 from the
southern and south-western areas of the EEZ. The clusters there are generally comprised of small
assemblages with extremely low percentages of unique taxa. Many of the sampled taxa have poorly-
resolved taxonomic resolution and are lacking much ecological knowledge, but are nevertheless
likely wide-spread. These cells were therefore omitted, since they likely represent dubious clustering
due to sampling issues, and there is high uncertainty around which assemblage, if any, they
represent.

Due to this, and general lack of sampling, the current assemblage classification of much of the
southern and northern EEZ remain unknown. However, the GDM predictions (Figure 13) suggest that
the southern EEZ may be similar in faunal composition to much of the base slope, while the northern
EEZ may be entirely unique.
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Figure 13. Map of predicted biological composition from a Generalized Dissimilarity Model (GDM).
Similar colors represent similar predicted faunal compositions. Representative assemblages are
overlayed in 2 km cells in which observed samples exist.

Biological assemblage description
1. Northern Slope:

Defined by the presence of taxa that are associated both with shallow and deep water, as well as
taxa associated with both soft and hard substrates. Unique elements include endangered species
(Tonna galea) and unidentified soft corals. The northernmost edge of the area of the assemblage
might contain a unique assemblage of hard-substrate associated taxa (Scyllarides latus,
Centrostephanus longispinus, etc.), but sampling is too scarce to say definitively at this moment.
Many of the taxa present in this assemblage are also common in shallower habitats and there is a
large presence of benthopelagic taxa. The extremely low ratio of wide-spread taxa also suggests that
this assemblage might be comprised of several distinct habitats with unique assemblages.

Geomorphological domains: Upper Slope, Lower Slope, Base Slope, Sediment Waves.

Location: North-East.
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Figure 14. Map of the Northern Slope biological assemblage. Depth is shown in a greyscale gradient,
with darker colors representing deeper seafloor, and blue lines denoting different geomorphological

domains.

Table 6. Northern Slope biological assemblage description

Wide-Spread Polycheles typhlops

Taxa (found in

>50% cells)

% Wide- 0.7%

Spread Taxa

% Unique Taxa | 37.1%

Potential None

Indicator Taxa

Functional fe_1. 37

entities (fe fe_4: 15

number as in fe_2: 13

Table fe_6: 12

1:Number of fe_ 3: 9

taxa in the fe 5: 7

assemblage) fe 7. 7
fe_10: 5
fe 8: 4
fe 9: 4
fe_11: 1

Functional deposit feeders & carnivores

over-

redundancy

SIMPER (taxa Aristaeomorpha foliacea, Galeodea echinophora

that

contribute to

at least 70%

difference

between this

and the 4

other

assemblages)
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2. Southern Slope:

Defined by the presence of unique taxa suggestive of possible chemosynthetic communities and soft
substrates. Multiple specimens of an unidentified species of Cossura are present, and some species
in the genus are known to be chemosymbionts. In addition, presence of Thyasira flexuosa and
Eriopisa elongata was observed.

Geomorphological domains: Upper Slope, Lower Slope.

Location: South-East.
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Figure 15. Map of the Southern Slope biological assemblage. Depth is shown in a greyscale gradient,
with darker colors representing deeper seafloor, and blue lines denoting different geomorphological

domains.

Table 7. Southern Slope biological assemblage description

Wide-Spread Ancistrosyllis groenlandica, Aricidea (Acmira) lopezi, Aricidea (Aedicira) sp.,

Taxa (found in | Aricidea (Allia) antennata, Aricidea (Allia) monicae, Aricidea (Aricidea) wassi,
>50% cells) Brania sp., Carangoliopsis spinulosa, Caudofoveata sp., Clitellata sp., Cossura sp.,
Desmosomatidae sp., Ennucula tenuis, Exogone sp., Gallardoneris sp., Glycera
lapidium, Heteronemertea sp., Hyperiidea sp., Levinsenia sp., Litocorsa stremma,
Mediomastus sp., Monticellina sp., Nassarius elatus, Nephtyidae sp., Notomastus
sp., Ophiuroidea sp., Palaeonemertea sp., Panthalis oerstedi, Podarkeopsis sp.,
Praxillella gracilis, Prionospio sp., Pseudotanais sp., Spiophanes sp., Sternaspis

scutata.
% Wide- 41.5%
Spread Taxa
% Unique Taxa | 24.4%
Potential Aricidea (Acmira) lopezi, Aricidea (Aedicira) sp., Ennucula tenuis, Litocorsa
Indicator Taxa | stremma, Monticellina sp., Nassarius elatus
Functional fe_ 1. 21
entities (fe fe_3: 19
number as in fe_2: 10
Table fe_ 9: 3
4:Number of fe_6: 2
fe_12: 1
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taxa in the fe 4. 1

assemblage) fe 5: 1
fe_7: 1

Functional infauna

over-

redundancy

SIMPER (taxa
that
contribute to
at least 70%
difference
between this
and the 4
other
assemblages)

Abyssoninoe sp., Ancistrosyllis groenlandica, Anobothrus gracilis, Aricidea
(Acmira) lopezi, Aricidea (Aedicira) sp., Aricidea (Allia) antennata, Aricidea (Allia)
monicae, Aricidea (Aricidea) wassi, Brania sp., Carangoliopsis spinulosa,
Caudofoveata sp., Clitellata sp., Cossura sp., Desmosomatidae sp., Edwardsiidae
sp., Ennucula tenuis, Exogone sp., Gallardoneris sp., Glycera lapidium,
Heteronemertea sp., Hyperiidea sp., Levinsenia sp., Litocorsa stremma,
Mediomastus sp., Monticellina sp., Nassarius elatus, Nephtyidae sp., Ophiuroidea
sp., Palaeonemertea sp., Panthalis oerstedi, Podarkeopsis sp., Praxillella gracilis,
Prionospio sp., Pseudotanais sp., Spiophanes sp., Sternaspis scutata

3. Palmahim:

A collection of several highly unique habitats and communities in close spatial proximity, as
exemplified by the lack of wide-spread taxa that are common throughout the entire area of the
assemblage. Most prominently coral gardens (mostly in the region of Palmahim B), and
chemosynthetic tube worms (Lamellibrachia anaximandri and unident. sp. [“chemo tube worms”]),
and other chemosynthetic taxa (Lurifax vitreus, Possibly Sigambra sp.) in cold seeps (mostly in the
region of Palmahim A).

Geomorphological domains: Palmahim A, Palmahim B, Palmahim C.

Location: South-East.
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Figure 16. Map of the Palmahim biological assemblage. Depth is shown in a greyscale gradient, with
darker colors representing deeper seafloor, and blue lines denoting different geomorphological

domains.

] Table 8. Palmahim biological assemblage description
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Wide-Spread None

Taxa (found in

>50% cells)

% Wide- 0%

Spread Taxa

Unique Taxa Anekes paucistriata, Antipathes dichotoma, Calliax lobata, Callogorgia

(only found in
this
assemblage;
taxon names
as appearin
data source)

verticillata, Chemo tube worms, Clelandella miliaris, Crinoidea sp., Ennucula
corbuloides, Epizoanthus sp., Funiculina quadrangularis, Isidella elongata,
Isorropodon perplexum, Laeviphitus verduini, Lamellibrachia anaximandri,
Leiopathes sp., Leptognathiella DS#2, Leptognathiopsis sp., Lucinoma kazani,
Lurifax vitreus, Myrtea amorpha, Mytilidae sp., Oediceroides pilosus,
Parantipathes sp., Pleurotomella eurybrocha, Protanaissus sp., Putzeysia wiseri,
Solatisonax alleryi, Swiftia pallida, Taranis moerchii, Thyasira biplicata, Viminella
flagellum, Waisiuconcha corsellii, Xylophaga dorsalis, Yoldiella nana, Yoldiella
striolata.

% Unique Taxa | 38.9%
Potential None
Indicator Taxa
Functional fe 2: 18
entities (fe fe 1: 13
number as in fe 3: 8
Table fe 5: 8
4:Number of fe 4: 7
taxa in the fe 6: 7
assemblage) fe_12: 3
fe_9: 3
fe 13: 2

Functional
over-
redundancy

infaunal filter feeders & deposit feeders

SIMPER (taxa
that
contribute to
at least 70%
difference
between this
and the 4
other
assemblages)

Antipathes dichotoma, Callogorgia verticillata, Crinoidea sp., Funiculina
quadrangularis, Isidella elongata, Leiopathes sp., Parantipathes sp., Swiftia
pallida

4. Soft Bottom Sponge Ground:

Vastly distributed biological assemblage defined by unique assemblages of sponges associated with
soft substrates, most prominently Rhizaxinella shikmonae, unique to this assemblage, and wide-
spread throughout. Unlike most deep-sea habitats where the most dominant fauna are infaunal
deposit feeders, this assemblage is extremely rich in benthic filter feeders and carnivores. The
widespread sponges in this habitat may act as habitat builders and thus promote biodiversity.

Geomorphological domains: Sediment Waves, Deep Plain, Main Deep-Sea Fan.

Location: Centre.
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Figure 17. Map of the Soft Bottom Sponge Ground biological assemblage. Depth is shown in a
greyscale gradient, with darker colors representing deeper seafloor, and blue lines denoting

different geomorphological domains.

Table 9. Soft Bottom Sponge Ground biological assemblage description

Wide-Spread Aristeus antennatus, Geryon longipes, Polycheles typhlops, Rhizaxinella
Taxa (found in | shikmonae
>50% cells)
% Wide- 7.4%
Spread Taxa
% Unique Taxa | 35.6%
Potential Rhizaxinella shikmonae
Indicator Taxa
Functional fe_1: 9
entities (fe fe_3: 7
number as in fe_ 2: 6
Table fe_4: 6
4:Number of fe_8: 6
taxa in the fe 5: 3
assemblage) fe_10: 2
fe 6: 2
fe 7. 2
fe 9: 1
Functional filter feeders and carnivores
over-
redundancy
SIMPER (taxa Aristeus antennatus, Benthonella tenella, Geryon longipes, Polycheles typhlops,
that Rhizaxinella shikmonae, Yoldiella micrometrica
contribute to
at least 70%
difference
between this
and the 4
other
assemblages)
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5. Bathyal Plain:

Characterised by rich infaunal assemblages of polychaete worms, mostly from the families
Glyceridae (carnivores), and Capitellidae and Spionidae (deposit feeders). Worth mentioning is the
presence of Phoronis sp, the only recorded representative of the phylum Phoronida (horeshoe
worms) in the EEZ. Comprised of several distinct clusters (10, 11, 12), but joined together based on
similar functional characteristics, similar predicted composition based on GDM (Figure. 12), and
unequal sampling effort throughout the EEZ likely contributing to artificial separation between
clusters. However, some differences likely still exist, and distribution of represented taxa may be
patchy, as is also suggested by the GDM (Figure 13).

Geomorphological domains: Main Deep-Sea Fan.

Location: West.
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Figure 18. Map of the Bathyal Plain biological assemblage. Depth is shown in a greyscale gradient,

with darker colors representing deeper seafloor, and blue lines denoting different geomorphological

domains.
Table 10. Bathyal Plain biological assemblage description
Wide-Spread Aphelochaeta sp., Clitellata sp., Nannastacidae sp., Notomastus sp., Polycirrinae
Taxa (found in | sp., Scolelepis sp., Spiochaetopterus sp.
>50% cells)
% Wide- 4.7%
Spread Taxa
% Unique Taxa | 35.3%
Potential Scolelepis sp.
Indicator Taxa
Functional fe 1: 30
entities (fe fe 3: 22
number as in fe 2: 9
Table fe 4: 5
4:Number of fe 6: 5
taxa in the fe_11: 4
assemblage) fe 7. 3
fe 5: 2
fe_8: 2
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fe_14: 1

fe 9: 1
Functional infaunal deposit feeders & carnivores
over-
redundancy
SIMPER (taxa Aphelochaeta sp., Glycera fallax, Leptochelia tanykeraia, Nannastacidae sp.,
that Polycirrinae sp., Scolelepis sp., Spiochaetopterus sp., Stylochidae sp.,

contribute to Typhlotanais angstromensis
at least 70%
difference
between this
and the 4
other
assemblages)

Uncertainty in biological assemblages composition

Overall, Palmahim had the highest relative certainty score, followed by Bathyal Plain and Northern
Slope (tied for second and third), Southern Slope, and finally Soft Bottom Sponge Ground with the
lowest relative certainty score (Table 11). However, assemblages varied in which metric most
contributed to their certainty. Palmahim ranked highly in almost all metrics, being a well-sampled,
well-studied area with many endemic taxa that are widespread throughout the assemblage. The
Bathyal Plain and Northern Slope both ranked around the middle in most metrics, but ranked the
highest in endemism metrics — Bathyal Plain in having the highest proportion of its taxa’s ranges
included within the area of assemblage (Annex 1 - Figure A9A), and Northern Slope in having the
highest proportion of endemic taxa. Similarly, Southern Slope and Soft Bottom Sponge Ground
ranked lowest in certainty for different reasons — Southern Slope has the highest sampling density
(Annex 1 - Figure A10) and commonality index (Annex - Figure A9B) but lowest endemism scores,
whereas Soft Bottom Sponge Ground ranks highest in taxonomic resolution (Annex 1 - Figure A9C),
but lowest on sampling density (Annex - Figure A10).

Table 11. Certainty scores for the different biological assemblages. For each metric the rank order is
given in parentheses, ranging from 1 (lowest) to 5 (highest). The certainty score is an unweighted
average of the five rank orders.

Assemblage Mean Mean Sampling | Mean % Certainty

AOO/Habitat | Habitat/AOO | Density Taxonomic | Endemic
Resolution | Taxa

Palmahim 48.9 (2) 4.36 (4) 1.50 (4) 4.87 (4) 41.1(4) |3.6

Bathyal Plain 70.2 (5) 1.47 (3) 0.58 (3) 4.32(1) 35.3(3) 3

Northern

Slope 58.1 (4) 0.79 (1) 0.33(2) 4.49 (3) 42.0(5) 3

Southern

Slope 46.8 (1) 8.21(5) 2.44 (5) 4.45 (2) 24.4(1) |28

Soft Bottom

Sponge

Ground 53.7 (3) 0.99 (2) 0.19 (1) 4.89 (5) 35.2(2) 2.6
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Foraminiferous
unique
assemblage* 1

* Score for Foraminiferous unique assemblage is qualitative, see Methods.

Weighted average (giving higher weight to sampling density and taxonomic identification, or to
endemism metrics) changed the certainty scores but the relative ordering of biological assemblages
from least to most certain did not.

Detailed results of the clustering analysis and biological assemblages’ characterization are available
in Annex 1 and Appendix 1.

Delineation of representative benthic ecological units in the EEZ resulted in 21 units (Figure 19). It is
suggested that some of these units can be merged based on experts’ opinion (see Discussion
section).

Nine sampling points used by Rubin-Blum et al. (2022) for characterization of benthic microbial
communities in the sediment intersect six different ecological units in: Unknown upper-slope,
Unknown lower-slope, Unknown base-slope, Sponge ground sediment waves, Unknown sediment
waves, and Unknown main deep sea fan. Generally, microbial diversity decreases with water depth.
Ammonia-oxidizing archaea, aerobic heterotrophs, and saprotrophic fungi are dominant is all the
above units. Ecological units along the continental slope are also characterized by presence of
anaerobic heterotrophs and sulfate-reducing bacteria. Cluster analysis of the microbial communities
reveal different pattern of diversity gradient between the northern and southern slope. Further
monitoring of the bacterial communities in the different ecological units can refine units
boundaries and characterization (see discussion section for recommendation).
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Figure 19. Representative benthic ecological units in the Israeli EEZ. Unit name is a combination of the biological assemblage and the geomorphic domain.

“Unknown” refers to units with unknown biological assemblages
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Unique benthic habitats

The results of the six different types of SDMs (GLM, GAM, CART, RF, BRT, and MaxEnt) for each
indicator species are available in Appendix 2. Models validation using the 30% test set demonstrate
that all SDMs performed extremely well for all nine indicator species (all had AUC values >0.8, and
most over 0.95). For most taxa, committee average was the best ensemble model (algorithm used
for models aggregation, see Table 12), with the exceptions of Chemosynthetic tube worms and
Isidella elongata (both mean probability), and Lamelliabrachia anaximandri and Rhizaxinella
shikmonae (both median probability). The best ensemble models all had AUC values >0.9, and TSS
values >0.8, and most (apart from the model for Rhizaxinella shikmonae) explained a large
proportion of deviance in the test set (Table 12).

Table 12. Summary table of the best performing ensemble model for each taxon. Listed are the
algorithm used to construct the ensemble model, the area under the ROC curve (AUC), the sum of
sensitivity and specificity (TSS), and the deviance explained (D?).

Taxon Algorithm AUC TSS D? Optimal VME

(best Threshold

ensemble

model)
Antipathes Committee Coral
dichotoma Average 1.00 1.00 0.97 0.67 Gardens
Chemosynthetic | Mean Cold
tube worms Probability 0.99 0.96 0.84 0.08 Seeps
Funiculina Committee Sea Pen
quadrangularis | Average 1.00 1.00 0.97 0.83 Fields
Isidella Mean Coral
elongata Probability 1.00 0.97 0.87 0.04 Gardens
Lamellibrachia | Median Cold
anaximandri Probability 1.00 1.00 0.87 0.12 Seeps

Soft
Bottom

Rhizaxinella Median Sponge
shikmonae Probability 0.92 0.86 0.22 0.02 Grounds

Committee Coral
Swiftia pallida Average 1.00 0.99 0.88 0.58 Gardens
Thyasira Committee Cold
flexuosa Average 1.00 1.00 0.64 0.75 Seeps
Viminella Committee Coral
flagellum Average 1.00 1.00 0.97 0.83 Gardens

Based on the ensemble models, predicted probabilities for VMEs were generated (Figure 20). Cold
Seeps are predicted to occur in widespread areas across the south-east of the EEZ and the base
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slope, but with relatively low probability. Similarly, Coral Gardens are predicted to occur throughout
the lower slope in the east of the EEZ with relatively low probability. Thus, these two VMEs likely
extend beyond the Palmahim disturbance. Conversely, Sea Pen Fields are only predicted to occur in
the Palmahim disturbance where direct observations of Funiculina quadrangularis have been made.
Finally, the Soft Bottom Sponge Ground is predicted to occur over an extensive and geographically
contiguous area in the north-east of the EEZ, with the highest predicted probability in the
geomorphological domain Deep Plain.
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Figure 20. Predicted probabilities of four different VMEs. Grey areas are cells below the optimal
threshold for all taxon SDMs, and thus the predicted probability for VME occurrence is 0. Colored
dots and values of 1 represent direct observations of VME indicator taxa.

Based on observations and geomorphological feature, possible presence of indicator habitats for
VMEs (rocks and pockmarks) is distributed along the continental slope base in several centers (Figure
21).
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Figure 21. Gas seep pockmarks and rocky habitat distribution possibility based on seafloor
observations and correlation with geomorphological features.
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Discussion

The bioregionalization presented in this report demonstrates the multilevel habitats variability that
exists in the area of the Israeli EEZ. It is the first attempt to provide ecological units classification for this
area that is based on hierarchical scheme and that can capture environmental data of several scales,
from broad biogeography to fine biological diversity contexts. Hierarchical classification clearly
demonstrates the complexities of marine ecosystems while providing several scales of which
conservation planning can relate to natural regions (Last et al. 2010, Harris 2020). The hierarchical
approach that was used in this report, not only presents ecological units distribution, but also captures
issues of spatial dynamics and uncertainties that should be considered in spatial prioritization for
protection.

Despite previous conceptions regarding low faunal diversity in the EEZ, we used existing data on faunal
distribution to demonstrate that variability do exist. Changing the old conception has significant
planning implications as the entire basis for ecosystem-based planning and management in the area is
changing. Therefore, the results of this work bind the promotion of significant spatial protection in the
EEZ, and reconsidering future development there.

Additional efforts to fully characterize faunal and habitats distribution in the EEZ require further field
sampling and analyses of existing, yet inaccessible data. Specific attention should be given to areas
which were never before properly explored (e.g., the sediment waves domain, the southern deep-sea
fan domain etc.). In addition, resources should be directed towards informative monitoring technics,
such of microbial communities, which are recommended for identifying spatial biological trends and
fundamental ecological processes (e.g., production). The methodology proposed here, allows for
additional data to be easily incorporated and accounted for in plan’s updates, that are recommended
for bioregionalization and VME predictions improvements. We therefore recommend periodic update of
the current work every 18-24 months, or less if significant amount of data becomes available. We also
recommend that in the first update process, the cluster analysis will include sampling in the territorial
waters (below 100 m) to better reflect the variability along the continental slope. Following the
recommendation of the scientific committee who reviewed the current work, we also recommend
assessing the sensitivity of the current results to various sampling methods and effort by including
sampling frequency as weight for each grid-cell in the GDM.

The end products of this report to be used in spatial conservation prioritization, include maps of 21
representative benthic ecological units, and of 4 types of unique benthic habitats. Prior to using these
products for prioritization, we suggest merging some representative benthic ecological units. The
hierarchical classification scheme yielded 21 representative benthic ecological units, some which are
very small. In most of these cases, this is due to biological assemblages that extend a short distance into
neighboring geomorphological domain. For these cases, we suggest merging the small units with the
rest of the area to form a continuous biological assemblage (Figure 22).
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Figure 22. A. Representative benthic ecological units as suggested by the hierarchical classification. B. Suggested merging of
representative benthic ecological units.
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The spatial conservation prioritization requires conservation targets for each conservation feature,
namely the representative ecological units and unique habitats. We suggest that conservation
targets will be set based on the conservation value (representative / unique habitat), spatial extent,
and level of certainty (Levin et al. 2015, Ceccarelli et al. 2021). Therefore, we suggest setting
conservation targets while considering several rules of thumb following Ceccarelli et al. (2021)
recommendations:

1. The total area for protection should cover at least 30% of the EEZ.
2. For representative ecological units:

A. At least 20% of each unit should be targeted for protection®.

B. Conservation target of 100% should be applied to units with a total area of 1% or less of
the EEZ.

C. Conservation target of 50% should be applied to units with a total area of 5% or less of
the EEZ.

D. Conservation target of 30% should be applied to units with a total area of less than 10%
but over 5% of the EEZ.

3. For unique habitats:

A. Conservation target of 100% should be applied to areas where unique habitats were
observed (certainty = 1). Supporting this target, is the fact that most of the species
observed in unique habitat in the EEZ are declared protected natural assets in Israel
(e.g., Cnidaria, Porifera).

B. Conservation target of 100% should be applied to areas where unique habitats were
indicated (by species distribution model) and have a total area of 1% or less of the EEZ.

In addition to the spatial targets, the conservation prioritization is intended to consider additional
environmental and ecological variables such as connectivity, envisioned climate change impacts, as
well as socioeconomic variables. Specific desirable connectivity is with MPAs in the territorial water
that can create continuous protection over the continental slope that is considered highly variable
and related to major transport dynamics to the deep sea. We therefore recommend that the
prioritization will include scenarios with and without the MPAs in the territorial waters. We also
recommend that the prioritization will promote spatial protection of mosaic of ecological units
rather than a single MPA per unit to account for the uncertainty of species distribution and their
movement in space.

The proposed conservation targets are listed in Table 13, including scientific committee
recommendations for adjustments.

Table 13. Suggested conservation targets for conservation features in spatial conservation
prioritization

Feature type Conservation Total Max. Conservatio | Remarks
feature area/% of | Level of | ntarget (%
EEZ certainty | of area for
(km?/%) (0-1 protection)
scale)* *k

1 From Ceccarelli et al. (2021): “The best available science informs that at least 20-30% of each marine
bioregion should be included in no-take areas, especially if aiming to protect species with lower reproductive
output or delayed maturation (e.g., many large offshore and deep-water species), or in areas that host diverse,
unassessed, or poorly requlated fisheries, as is common offshore”
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Representative
benthic
ecological
units

Bathyal plain— | 1592/7.0 | 0.6 30% GDM results

Deep-Sea Fan suggest that the
unit is not
significantly
different from it
surrounding
and therefore
reduced target
of 20% is
recommended

Foraminiferous | 1908/8.4 | 0.2 30%

assemblage

Northern 760/3.3 0.6 50%

Slope - Base

Slope

Northern 100/0.4 0.6 100%

slope- Lower

Slope

Palmahim A 216/0.9 0.72 100% High certainty
and limited
distribution

Palmahim B 248/1.0 0.72 100% High certainty
and limited
distribution

Palmahim C 180/0.7 0.72 100% High certainty
and limited
distribution

Southern 176/0.7 0.56 100%

Slope

Sponge ground | 536/2.3 0.52 50%

- Deep Sea Fan

Sponge ground | 784/3.4 0.52 50%

- Sediment

Waves

Sponge 840/3.7 0.52 50%

ground- Deep

plain

Unknown - 1648/7.2 |0 30%

Base Slope

Unknown - 996/4.3 0 50%

Lower Slope

Unknown - 6920/30.5 | O 20%

Main Deep-Sea

Fan

Unknown - 2788/12.2 | O 20%

Sediment

Waves

Unknown - 2104/9.2 |0 30% No known

Southern Biological

Deep-Sea Fan assemblage in
the domain
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Unknown - 228/1.0 0 100% No known
Upper Slope Biological
assemblage in
the domain
after merging
southern slope
units
Unknown- 656/2.8 0 50% Although unit is
Deep plain only 2.8% of
EEZ, most of its
domain is
represented in
known
biological
assemblage.
Reduced target
of 30% is
recommended
Unique Soft bottom 88/0.38 1 100% Direct
benthic sponge ground observations
habitats Soft bottom 376/1.6 0.6 60% Vast area
sponge ground Target match
max probability
Soft bottom 2560/11.2 | 0.3 30% Vast area
sponge ground Target match
max probability.
Target can be
reduced to 0%
Coral garden 24/0.1 1 100% Direct
observations
Coral garden 516/2.2 0.7 70% Limited area
Target match
max probability
Sea pen field 28/0.1 1 100% Direct
observations
Cold seeps 40/0.2 1 100% Direct
observations
Cold seeps 388/1.6 0.7 70% Limited area
and relatively
low certainty
VME indicator | 116/0.5 1 100%
habitat (rock
and
pockmarks)
VME indicator | 356/1.5 0.7 50% Vast area
habitat (rock Target can be
and reduced for
pockmarks) habitat
indication
compared with
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species
indication
VME indicator | 2260/10 0.4 30% Vast area
habitat (rock Target reduced
and for habitat
pockmarks) indication
compared with
species
indication
Min. probability
is0.1
Levant 740/3.3 1 20%
channel***

* For representative ecological units the certainty grade of 0-5 was transformed to 0-1 scale while 0
=0 and 1= 5. For Unique benthic habitats distribution probability was used.

** Considering all conservation targets proposed in Table 13, the total area for protection will be at
least 31% of the EEZ.

***Unique feature. A conservation target of 20% was suggested by experts in the consultation
process

Following peer-review and experts’ consultation, the products of this work will be used in spatial
prioritization for conservation using the Marxan tool. In addition, the revised products will be used in
Ecopath with Ecosim food-web model to examine ecosystem dynamic in relation to conservation
and climate change scenarios.
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Annexes

Annex 1
This Annex provides detailed description of hierarchical levels used in representative benthic
ecological units classification

Province

The Levantine basin is the eastern-most part of the Mediterranean Sea and covers about 320000
km?2. The basin is oligotrophic and generally warmer and saltier than the western Mediterranean.
The area is strongly affected by climate change. The average sea surface temperature in the Levant
region has increased by about 1.1 degrees in the past century, and it is predicted to increase by a
further 2.3-2.9°C by the end of this century (Somot et al. 2008, Nykjaer 2009, Rilov 2016, Ozer et al.
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2017). The marine biota in the Mediterranean Sea is reacting to this by changes in life cycles,
demography and distribution (Ben Rais Lasram et al. 2010, Rivetti et al. 2014, Marba et al. 2015,
Rilov 2016, van Rijn et al. 2017, Shapiro Goldberg et al. 2019, Yeruham et al. 2020). In addition to its
response to elevated water temperatures, the Levant biota is rapidly changing due to the influx of
hundreds of invasive species from the Red Sea through the Suez Canal (Bianchi 2007, Rilov and Galil
2009, Marras et al. 2015). The opening of the Suez Canal initiated an event of joining of two
biogeographical provinces. For over 120 years, Red Sea species, migrating through the canal, have
been colonizing the Mediterranean (Spanier and Galil 1991). Until now, more than 650 alien species
were recorded, about 30% most are mollusks, crustaceans, fish and macrophytes. It has been
postulated that these mostly thermophilic invaders may be able to better resist the rising
temperatures and hence be less affected, or even facilitated, by warming waters (Gamliel et al.
2020).
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Figure Al. The Levantine basin of the Mediterranean Sea (blue line) and Israeli EEZ (yellow polygon).
The Levantine basin is the province of the EEZ based on common biogeographic definition.

Bathomes

It is widely accepted that the deep-sea fauna undergo a non-repeating sequential change with depth
and that most species have predictable and restricted depth ranges (Howell 2010). However, it is not
the depth per-se that influences biological communities, but rather the abiotic parameters that
change along depths gradients. These are more easily measured and widely accepted surrogate for
the combined influence of these environmental parameters on benthic biological communities
(Howell 2010).

This pattern is reflected in the results and conclusions of recent studies on water masses and
transport dynamic along the Israeli coast (Katz et al. 2020, Guy-Haim et al. 2022).
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Figure A2. Vertical transects of temperature, salinity and dissolved oxygen in the Israeli EEZ (IOLR
2016). Below 600 m depth, changes in these parameters are minor compared with shallower depth.

Therefore, we adopted the bathymetric depth ranges that are commonly used for the Israeli EEZ of -
200 m —(-)1000 m and below -1000 m, and added a subdivision of the slope in -600 m to reflect the
water masses classification of IOLR (2016).
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Figure A3. Bathomes in the EEZ. Upper slope: -200 m — (-)600 m (gray), Lower slope: -600 m — (-
)1000 m (light blue), and Deep bathyal plateau: <-1000 m (dark blue).

Geomorphology

Integrating geomorphology is at the base of the ecotipological approach for the classification of
benthic marine ecosystems (Bianchi and Zurlini 1984). The use of seabed features and
geomorphology in classifying and mapping the marine environment is widespread (Greene et al.
1999, Allee et al. 2000, Connor et al. 2006, Harris 2007) and geomorphic features are widely
considered as individual habitats or habitats type (Ceccarelli et al. 2021). As highlighted by Williams
et al. (2009), these features are biologically meaningful in terms of MPA network design and has
been largely driven by the political imperative to develop MPA networks over relatively short
timescales and for vast areas of the deep-sea.
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Based on our accumulating observations and experience, and in line with accepted global practices
(e.g., Harris and Baker 2011), we assume that the deep-sea habitats in the Israeli EEZ are controlled,
at least to a great degree, by the seafloor geomorphology. Here ‘geomorphology’ is taken at its
broad context as the accumulation of geological, geochemical, morphological and oceanographic
factors that shape the seafloor environment. Several major factors affecting the Israeli EEZ include:

1. The Israeli EEZ seafloor forms the eastern part of the outlet cone, and litoral cell, of the Nile
river, being the major source in the region. The variability of the seafloor domains in the
region is primarily controlled by the by-pass transport of sediments and nutrients from and
along the continental margin vs. their direct transport from the Nile outlet. In this context
we include the activity of current regimes at different time scales, and down-slope gravity
flows, producing a variety of seafloor morphologies and compositional variability.

2. Deformation associated with movement of the Messinian salt layer and overlaying
sediments, producing pronounced morphological features and focusing sub-seafloor and
oceanographic flows.

3. Current and past seepage of natural gasses, primarily methane, in the sub-surface and
through the seafloor, and formation of associated pockmarks, bioturbation and carbonate
rocks at the seafloor; as well as their potential contribution to the marine environment at
large. In this context we believe that the natural gas hydrates stability, estimated to
intersect the seafloor of the Israeli EEZ at the water depth of ~1200-1300 m, affects the
deeper regions of the basin.

The studies of Gvirtzman et al. (2015) and Kanari et al. (2020) are describing the geomorphology
along the Israeli Mediterranean coast (Figure 6). In this project, we adopted the geomorphic features
classification described in these studies, in addition to the Hydrate stability boundary to define
geomorphic domains in the EEZ:

Open slope/ canyons- The Israeli EEZ stretches across the southeastern Mediterranean continental
shelf (average slope ~1-2 degrees) and slope (average slope of ~6 degrees) and into the
southeastern part of the Levant basin (average slope ~1-2 degrees). The general shape of the
continental slope changes from south to north from being generally simple and relatively smooth
and rounded (=Open) south of Hadera, to steep and cut by sharp canyons to the north of Dor. The
latter domain is in territorial waters, so in this project we did not define it as a separate
geomorphological domain.

Submarine mass transport- is a general name given to features that are associated with
displacement of sediments. This includes slides, slumps (sort of avalanches of sediments), debris
flows, etc. In the context of the Israeli offshore geomorphology related to this project they are taking
together to include a range of instantaneous failure and collapse features, leaving sharp scars on the
open slope and fans of sediment debris lobes below; or mobilization features, like Palmahim
Disturbance. Strictly speaking also the canyons and channels are mass transport features, but we
discuss them separately. These features are scattered along the continental slope, as discussed in
Katz et al. (2020) and Gadol et al. (2020).

Folds- Much of the seafloor of the Israeli EEZ overlies a layer of salt (the Messinian salt). The salt is
plastic, like slowly moving honey, and it moves with the overlaying sediments northwards away from
the loads of sediments accumulation in the Nile delta from one side, and westwards away from the
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accumulating continental margin of Israel. This movement is semi continuous for at least the last 2
millions of years. As the sediments layer is moving with the salt it deforms, slightly folding to form
fold ridges perpendicular to the direction of motion (like curtains when you push them aside).

Faults- In addition, the sediment layer tears and breaks along fault lines, forming steps, scars and
slits of various sizes at the seafloor.

Sediment waves- are dune-like ridges that are formed by strong currents above the seafloor. At a
first glance the bathymetric expressions of folds and sediment waves seem very similar, and
sometimes people argue what these ridges are. The distinction is significant, as folds represent
internal deformation of the sediments while sediments waves indicate the presence of strong
seafloor currents (now or in the recent geological past)

Deep-Water Channel- levee systems- In the basin seafloor we find meandering channels (also called
“turbidity channels”), sort of river like features (similar to the Jordan river south of the Kinneret, just
much bigger), that are hundreds of meters wide and up to ~40 m deep. These channels run from the
foots of the Nile Delta, hundreds of kilometers northwards to the Cypriot deeps. They are formed by
fast and slick mud flows, gathering energy as the run down the slope. We do not know if any of
these channels are active nowadays, and they are braded with older, now abandoned and buried,
paleo-channels. The eastern-most of these channels was named by Gvirtzman et al. (2015) Levant
Channel. At least this channel has probably not conducted such mud flows for thousands of years.
The banks (levees) of these channels are elevated, due to over-spill of mud running inside the
channels. In some places the mud escaped from the channels, flooding the near-by plains and
leaving their thin layers of sediments (flood-plain or overbank deposits). Sometimes such channels
form little deltas, or fan lobes. Together, this set of features (and additional related features) are
named deep-water channel-levee systems. The Levant channel is conceptually not different from the
other channels, it is just the closest to our shoreline and Gvirtzman decided to name it.

In addition to the above, we used Hydrate stability boundary to define the geomorphic domains-
Natural hydrates are ices forming within the seafloor or sub-seafloor sediment at ambient
temperature (possibly much above zero Celsius) when pressure is high enough. Their formation is
associated with the presence of gas components, most commonly methane. Their formation locks
the methane into the ice and stabilizes the seafloor/soil, while their melting allows the release of
methane and destabilizes (as is currently happening in permafrost regions). Our modeling indicated
that at present conditions the hydrate stability is reached in the Levant as a water depth of ~1250 m.
Allowing slight variability of these conditions we say that hydrate stability is reached here between
1200-1300 m water depth. Thus hydrates may be present at or below the seafloor at greater water
depths.

Biotopes

The use of substrate in habitat classification systems is universal and its validity as a fine scale
surrogate for deep-sea faunal variation is well established (Howell 2010). There are well
recognized and accepted definitions of substratum type, however, the categories often require
simplifying into easily interpretable units that remain at least broadly biologically meaningful
(Harris 2020). Common substrate types that are used in classification systems are: rock, sand,
muddy sand, and mud (e.g., Davies and Moss 1998, Davies et al. 2004, Last et al. 2010).

Sediments grain size in the Israeli EEZ are detailed in Elyashiv and Cruvi Elyashiv and Kruvi (2016)
GSI and IOLR report. This report was based on a single expedition in 2013 where 104 sediment
samples were taken from 52 stations in the Israeli EEZ. It was found that most (45-85%) of the
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grains in the sediment are clay (size-based classification), 25-55% is silt and the sand fraction is
not more than 12%. Grain size generally decreases with depth and distance from the coastline
(clay increases and silt decreases). This corresponds with the primary siliciclastic (grains with a
prominent silicate composition) character of the sediments, with their primary source being the
Nile River outpour. From there the sediments are supplied directly into the deep-sea fan,
constituting the major part of the deep basin in the area, and through a by-pass flow along and
off of the continental margin of Israel. Altogether, the plan area is characterized with a low
diversity of sediments, resulting from the long supply distance of the siliciclastic sediments.
Moreover, the carbonate detritus in the sediment weaken the correlation of grain size with the
depth and distance from the coast, as this detritus come mostly from pelagic and benthic
biogenic origin. However, notable in this respect is the significant contribution of carbonate to
the sand fraction, and particularly in the deeper parts of the basin, indicating the biogenic source
of most of the sand-size grains.

The preliminary mapping of the sediments composition carried by (Elyashiv and Kruvi 2016) used
depth weighted interpolation (DWI), which tend to highlight the effects of outlier observations over
spatial trends. To extract the spatial trends of the data, attenuating outliers, we re-modelled the
sediments distribution in the EEZ with a process constrained regression approach (see methods).

Regression equations used in sediment distribution modelling

Water depth > 600m

d10=-0.66213*(log(water depth)) + 3.454657

d50=0.137206*(SILT) + 1.05266

d90= 4.972349557*(SAND) + 18.74643526

CLAY= 100 - SILT - Sand

SILT=-16.1917*(log(water depth)) - 1.7805*(Longitude [DD]) + 142.3108
SAND=10%(1.9471*(log(water depth))*2 - 9.7842*(log(water depth))+ 11.816)

TOC=-1.31793*(log(water depth)) + 4.96597

Water depth < 600m

d10=0.001114*water depth + 2.142989
d50=464.2*(log(water depth)) » -5.051
d90=524.97*(log(water depth)) » -2.948
CLAY=34.25145*(log(water depth)) - 45.8858
SILT=57.51493*(log(water depth)) - 56.0912
SAND=1663.9*(log(water depth)) » -7.788
TOC=0.804675*(log(water depth)) - 0.84855

Biological assemblages
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Biological facies are the fundamental units for the management of biodiversity, being firmly nested
within all levels above and acting as surrogates for all levels below. Facies are characterized by
groups or particular species of macro-biotic groups, yet, mobile taxa such as fish are likely to be less
informative discriminators of facies than sessile animals (Last et al. 2010).

Micro-communities are defined as small-scale assemblages of often highly specialized species that
depend on other member species or groups of species within a ‘host’ facies. In general, adequate
protection of facies-level units will ensure conservation of their associated micro-communities.
Typical micro-communities include infauna of muddy sediments, and epifauna in chemosynthetic
assemblages (Last et al. 2010). We relate to biological facies and micro-communities as biological
assemblages.

The dataset (see Table 1) — after pruning vertebrates, pelagic taxa, samples in unusable taxonomic
scale or likely erroneous samples — consisted of:

332 taxa (110 benthic, 6 bentho-pelagic, 167 infauna, 49 no habitat type data available).

4009 observations (1439 benthic, 31 benthopelagic, 2022 infauna, 517 no habitat type data
available).

Preliminary analyses using the same methodology were performed on taxa separated by habitat
type — however, the results of the classification were strongly congruent between different datasets,
and so the report includes only analyses performed on the full dataset, as it has the highest sample
size and provides the best predictive capability.

Here are further explanations on the selected methods and functions that were used:

- Data were projected onto a grid consisting of 0.1*0.1 decimal degree cells — Cell size was
chosen to give a wider spatial coverage (since sampling was sporadic with multiple
unsampled areas) without losing too much spatial resolution in sampling, while assuming
that the cell size is small enough to likely capture contiguous assemblages.

- Sampling data in the EEZ vary in sampling effort, methods, periods, and taxonomic analyses.
Therefore, samples are likely to vary in overall alpha diversity. Therefore, the clustering
methodology followed (Castro-Insua et al. 2018) - Dissimilarity between cells was calculated
using the Simpson dissimilarity index (Simpson 1960), which was deemed the most fitting for
this dataset as it is independent of differences in alpha diversity (species richness) between
cells (Kreft and Jetz 2010, Baselga and Leprieur 2015). The Simpson dissimilarity index is
more appropriate than indices which also reflect differences in species richness (e.g. Jaccard
dissimilarity) or abundance (e.g. Bray-Curtis dissimilarity).

- Hierarchical clustering was performed on the dissimilarity matrix using the Ward clustering
to minimizes dissimilarities within clusters and maximizes dissimilarities between clusters,
and thus generated a dendrogram representing similarity between cells and groups of cells.

- To compare patterns of diversity between cells and clusters, Alpha diversity for each cell and
cluster was calculated with the Simpson index (Simpson 1949) using the diversity function in
the ‘vegan’ package. Beta diversity was then calculated between clusters using Sorensen
dissimilarity, partitioned into turnover and nestedness components, with the beta.pair
function. Then, functional diversity for each cluster was calculated using the ‘mFD’ package
v1.0.0 (Magneville et al. 2021)

- A GDM was constructed using the gdm function in the ‘gdm’ package v1.5.0-3 (Fitzpatrick et
al. 2022). Biological distances between faunal communities were measured using Simpson
dissimilarity, see above)
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- To build the GDM model, abiotic parameters measured in the 50 m above seafloor were
considered (see Table 2) and the following bathymetric features were considered (all
calculated on a 2km grid from raw 25m resolution bathymetry data, to match the final cell
size used for delimiting ecological units for the MARXAN model):

Mean aspect

Mean bpi (250 m window)

Mean bpi (75 m window)

Mean depth

Maximum slope

uhwNeE

Additionally, Euclidean distances at a 2km resolution were calculated from the nearest following
Kanari et al. (2020) bathymetric features:

6. Faults

7. Folds

8. Slumps

9. Turbidity channels

10. Overbank deposits
11. Paleo channels
12. Fan lobes

Features 8 through 12 being components of the Nile fan deep-water channel-lobe systems.

And finally, the concentration of the following sediment elements was calculated:

13. Sand

14. Silt

15. Clay

16. Organic matter (d50)

- Inthe GDM the response values were Simpson dissimilarity measures between cells at a 2
km resolution — the calculation of assemblages per cell was similar to that described above
for the 0.1 degree cells, but a 2 km resolution was chosen for GDM analyses to better
capture variation in the environmental predictors.

- Uncertainty around the I-splines depicting the functional responses of compositional
dissimilarity to each environmental predictor was plotted using the plotUncertainty function
from the ‘gdm’ package,

- Spatial predictions for compositional dissimilarity were then generated for each
environmental predictor based on the final GDM model, and the predictions were projected
onto three-dimensional ordinated space using a PCA. The PC values were then scaled to RGB
color channels to generate a map where dissimilarity in colors represents predicted
biological dissimilarity.

- The additional SIMPER (similarity percentage; (Clarke 1993) for the final biological
assemblage polygons, were run using the simper function in the ‘vegan’ package. SIMPER
performs decomposition of Bray-Curtis dissimilarity to calculate the contribution of each
taxon in a community matrix to dissimilarity — since abundance data are needed for this
analysis, pseudo-abundance was calculated for each biological assemblage as the sum of
unique observations per taxon — this reflects taxa that are especially common since they
were observed multiple times in independent samples. Taxa that contribute at least to 70%
of the difference between each pair of biological assemblages were identified as the most
important to differentiation between assemblages.
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- For each biological assemblage, the following description is included:
% wide-spread taxa - found in >50% cells comprising the assemblage

R/

“* unique taxa - only found in that assemblage

R/

%+ potential indicative taxa - both wide-spread and unique
« represented functional entities

R/

% over-represented functional entities - high functional over-redundancy

The following are further graphical results for biological assemblage characterization:

FD based on FE for Cell Northern Slope :
FRed=10.364 FORed=0.312 FVuln=0.091
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Figure A4. Functional diversity of the Northern Slope biological assemblage. FRed: Functional
redundancy (number of taxa per functional entity), denoted by horizontal green line. FORed:
Functional over redundancy (the proportion of taxa in functional entities above the mean level of
functional redundancy), denoted by green shaded bars above the horizontal line. FVuln: Functional
vulnerability (the proportion of functional entities with only a single taxon), denoted by red bars.

FD based on FE for Cell Southern Slope :
FRed=6.556 FORed=0.514 FVun=0.444
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Figure A5. Functional diversity of the Southern Slope biological assemblage. FRed: Functional
redundancy (number of taxa per functional entity), denoted by horizontal green line. FORed:
Functional over-redundancy (the proportion of taxa in functional entities above the mean level of
functional redundancy), denoted by green shaded bars above the horizontal line. FVuln: Functional
vulnerability (the proportion of functional entities with only a single taxon), denoted by red bars.

59



FD based on FE for Cell Palmachim :
FRed=7.667 FORed=0.237 FVuln=0
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Figure A6. Functional diversity of the Palmahim biological assemblage. FRed: Functional redundancy
(number of taxa per functional entity), denoted by horizontal green line. FORed: Functional over-
redundancy (the proportion of taxa in functional entities above the mean level of functional
redundancy), denoted by green shaded bars above the horizontal line. FVuln: Functional
vulnerability (the proportion of functional entities with only a single taxon), denoted by red bars.

FD based on FE for Cell Soft Bottom Sponge Ground :
FRed=4.4 FORed=0273 FVuln=0.1
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Figure A7. Functional diversity of the Soft Bottom Sponge Ground biological assemblage. FRed:
Functional redundancy (number of taxa per functional entity), denoted by horizontal green line.
FORed: Functional over-redundancy (the proportion of taxa in functional entities above the mean
level of functional redundancy), denoted by green shaded bars above the horizontal line. FVuln:
Functional vulnerability (the proportion of functional entities with only a single taxon), denoted by
red bars.
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FD based on FE for Cell Bathyal Plain :
FRed=7.636 FORed=0.453 FVuln=0.182

L

Number of species
O LRI DTS AL FIE LT CAE

I3

~ w «©

fe_9

e
fe_14

Functional Entities

made with mFD package

Figure A8. Functional diversity of the Bathyal Plain biological assemblage. FRed: Functional
redundancy (number of taxa per functional entity), denoted by horizontal green line. FORed:
Functional over-redundancy (the proportion of taxa in functional entities above the mean level of
functional redundancy), denoted by green shaded bars above the horizontal line. FVuln: Functional
vulnerability (the proportion of functional entities with only a single taxon), denoted by red bars.
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Figure A9. (A) Distributions of percentage of taxon AOO represented in each assemblage (measure of endemism); (B) Distributions of percentage of habitat
area occupied by taxon AOO in each assemblage (measure of endemism); (C) Percentage of taxa identified to order, family, genus, and species level in each
assemblage. Y axis in panels A and B is the probability density function for the kernel density estimation of the distribution.
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Figure A10. Map showing sampling density in the EEZ. Sampling localities are marked by black dots.
Darker purple color represent higher density of sampling.

Foraminiferous

In addition to the biological assemblages we described using the database. We adopted the results of
Hyams-Kaphzan et al. (2018) and (Almogi-Labin and Hyams-Kaphzan 2016) that classifies biological
assemblages in the EEZ based on Foraminiferous species (dead and live assemblages).

They identified 104 live species and 208 dead species. Generally, species richness is low in the bathyal
plain and community structure changes (correlated) with depth. At several sampling sites on the
continental slope, they observed relatively high species richness. In addition, they point at unique
epibenthic habitat in southern-west corner of the EEZ which is related to high carbonate concentrations
caused by pteropods shells accumulation on this site. This pattern is also visualized by the carbonate
concentration maps we used (see Methods section). The foraminifers aglutinante species (that usually
inhabits bathyal domains in depths greater than -1200 m) are attached to the pteropods shells.
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Foraminiferous species in the EEZ seems to be in high correlation with the biotopes that we classified.
The habitats marked by Hyams-Kaphzan et al. (2018) and Almogi-Labin and Hyams-Kaphzan (2016)
roughly align with the geomorphologic domains that were defined in this project. An exception is the
unique epibenthic habitat that was found. Therefore, we included this area as additional biological
assemblage in the EEZ, and used the results of the GDM to roughly mark its boundaries. Certainty score
for this assemblage was defined as 1, only to distinguish it from areas where the biological assemblages
are unknown, and from the other biological assemblages that had a minimum score of 2.6 (see Results).

Annex 2
This Annex provides further background and details on the methodology used for identifying unique
benthic habiatats’ distribution in the EEZ

Like species, some facies are spatially restricted or rare. These are often most vulnerable to impacts and
may need to be given a high conservation priority. The identification of rare and threatened habitat at
the facies-level is critical to the MPA selection process where protection of biodiversity is a major
outcome. Therefore, specific taxa known as indicators of vulnerable marine ecosystem (VMEs) were
separately analyzed for the next stage of mapping the distribution of unique habitats. By relating to
unique benthic habitats, we achieve the purpose of Last’s et al. (2010) Levels 6 and 7 as unique benthic
habitats nest within our biological assemblage Level.

Species distribution models

The six different algorithms used to construct SDMs from the training set (presented in the Methods
section but with further details on the function here):

1. Generalised Linear Models (GLMs) were fitted with a binomial family and logit link function, for
both linear and quadratic terms of the predictor variables. Automated stepwise model selection
based on AIC scores was then performed using the step function to remove non-informative
predictor variables.

2. Generalised Additive Models (GAMs) were fitted with the gam function in the “gam” package
v1.20.1 (Hastie 2022), using smooth splines with 4 degrees of freedom for each predictor
variable.

3. Classification and regression trees (CARTs; Franklin 2010, Guisan et al. 2017) were fitted using
the rpart function in the “rpart” package v4.1.16 (Therneau and Atkinson 2022). These grow a
decision tree by repeatedly splitting the data to separate presences and pseudo-absences
through searching along each environmental gradient for splitting rules. Internal cross-validation
(xval) and minimum number of observations available to define a split (minsplit) were set at
their default values of 10 and 20, respectively.

4. Random Forests (RFs; Hastie et al. 2009, Guisan et al. 2017) were fitted using the randomForest
function in the “randomForest” package v4.7-1.1 (Liaw and Wiener 2002). These use a bagging
(bootstrap aggregation) procedure to average outputs of multiple CARTSs fitted to bootstrapped
samples of the training set. The number of trees to grow (ntree) was set at 1000.

5. Boosted Regression Trees (BRTs) were fitted using the gbm.step function from the “dismo”
package v1.3-5 (Hijmans et al. 2021), which implements the gbm function from the “gbm”
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package v2.1.8 (Greenwell et al. 2020) while optimising the number of trees. These are similar
to RFs in using a bagging procedure on multiple CARTs, but differ by iteratively building trees
through sampling without replacement. The Bernoulli (=binomial) family was used,
tree.complexity was set at 2, and bag.fraction and learning.rate were set at their default values
of 0.75 and 0.001, respectively.

6. Maximum Entropy (MaxEnt; Phillips et al. 2006, Elith et al. 2011) models were fitted using the
maxent function in the “maxnet” package v0.1.4 (Phillips 2021). These are presence-only models
that minimise the relative entropy between the probability density of presences and the
probability density of the environment, by contrasting occurrence data with background data
(pseudo-absences) where presence is unknown.

The different measures for model performance (using the 30% test set) were calculated using the
evalSDM function in the “mecofun” package v0.0.0.9 (Zurell 2020).

Annex 3
This Annex provides further background and details on the bathymetric data that were used

This work bases the determination of representative ecological units on a revised version of Kanari et al.
(2020) bathymetric multibeam digital elevation model (DEM). The DEM, which covers the entire Israeli
EEZ, was released for our use at a uniform grid resolution of 100 m. Correspondingly, we utilize the
seafloor features, mapped by Kanari et al. (2020) and provided as shape files. However, the resolution of
Kanari et al. (2020) bathymetric is not sufficient to reflect the scale of morphologic parameters, which
we assume to control unique seafloor habitats. The mapping of these features is based on
morphological attributes that were extracted from a higher, 25 m, resolution bathymetric DEM, which
was created by combining the best resolution bathymetric datasets that are available for us across the

EEZ. These include:

1. Seafloor picks of 3D seismic data, normally obtained at a 12.5 m grid resolution (after Gvirtzman
et al., 2015).

2. Local multibeam grids, provided at 50 m resolution.

To fill in areas that are not covered by these datasets, Kanari et al. (2020) 100 m resolution DEM was
used. All data were calibrated to Kanari et al. (2020) DEM, combined and re-grided to a uniform 25 m
resolution. The bathymetric attributes where then measured from the high resolution data and mapped
to the 2 km resolution of our modeling, providing the maximal or averaged values and the standard
deviation or range in each 2 km grid cell. This allowed for habitat analyses at 2 km grid to be based on

high resolution attributes.
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Annex 4
Maps of abiotic variables used in GDM and SDM
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External Review of:

Environmental data collection and analyses to support conservation planning in

the Israeli EEZ. Draft Report — June 2022

Authors: Ateret Shabtay, Liron Goren, Alex Slavenko, Tal Idan, Adi Neuman, Or Bialik, Yizhaq

Makovsky

Review conducted by Dr. Erik E Cordes, Professor and Vice Chair of Biology,

Temple University, Philadelphia PA, USA

This report describes the systematic spatial planning process to support conservation of the
offshore habitats of the Israeli exclusive economic zone (EEZ) with a target of protecting 30% of
the total EEZ in the Mediterranean Sea. This spatial prioritization was carried out by conducting
ensemble modeling of the different biological habitat types observed in the region along with
geomorphological characterization. The hierarchical classification scheme yielded 5 biological

assemblages and 18 representative benthic habitats.

Overall, this is one of the most comprehensive and effective conservation planning efforts of
which | am aware. The latest methods for spatial prioritization and predictive habitat modeling
are used here, and follow the best practices laid out for marine spatial management. | also
appreciate the addition of the functional traits as a further measure of diversity. | think that this
report should be further refined so that it is suitable for publication in an appropriate scientific
journal so that it may serve as an example of effective spatial planning for other nations and

organizations.

| primarily only have minor comments on the report, as most of my more technical

methodological recommendations were already addressed. My only remaining methodological
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comment is to look for more recent environmental data for some of the variables in Table 2, as
many of the data sets are from 2013 or earlier. In particular, additional effort should be made
to locate temperature records, as these are only from 1993-2000. Temperature is known to be
changing rapidly in the deep Mediterranean, and there must be additional, recent data sets
from the EEZ. | also suggest using one of the existing models for predicting exported carbon to
depth that are based on the satellite chlorophyl data. This would be a better measure of food
availability than the standard deviation of chlorophyll-a concentration variable used,

particularly since there are only 140 records.

| agree with the final prioritization presented and | think that the targets are reasonable and
scientifically justified. | would recommend that the elimination of the deep sea-pen field be
reconsidered. | would not exclude these from prioritization just because the models didn’t do a
good job of predicting their distribution. This could be a significant and potentially unique
community, with little information about it. The sea pens may be located elsewhere, but the
very small area of their known distribution should be included as part of the prioritized

conservation areas.

In general, a careful grammatical edit could be conducted as there were numerous examples of
singular/plural disagreement and extraneous commas in the writing. There are more of these in

the Discussion than in the other sections. Below are a few additional minor comments:

P6, 15t paragraph: When used as an adjective, “deep sea” should be hyphenated. Here, it should

be “deep-sea bioregions”.
P13, “Bathomes” : Depth values do not need to be presented as negative numbers.
P18: Change “Species Distribution Modelling” to “Species Distribution Models”
P22: Potentially missing a heading for the text under the figure caption.

Figure 10: Greatly reduce A because it does not contain essential information for the
interpretation of the analysis. The inset of the PCoA is very small and hard to read, and

this should be expanded so the individual points can be identified.
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P29, “Southern Slope” : | believe this should be “soft substrates” instead of “hard substrates” as

these are both taxa known to inhabit muddy or sandy seafloor.

P32, Soft Bottom Sponge Ground” : | suggest removing the word “infaunal” here as most filter

feeders are not infauna, and the word “benthic” includes infauna.

P42, Merging representative benthic habitats: This should read “The hierarchical classification
scheme yielded 21 representative benthic habitats, some which were very small. In
most of these cases, this is due to biological assemblages that extend a short distance
into neighboring geomorphological domains. For these cases, we suggest merging the
small habitats with the rest of the area to form a continuous biological assemblage

(Figure 22).”

P42, Excluding sea pen fields distribution model: Replace the word “were” with the word

“where”

P44: Replace the word “previsioned” with the word “envisioned”
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Goals

* Examine ecosystem changes over time and space in relation to climate change
and conservation scenarios
- ldentify species or groups most susceptible to climate change
- ldentify areas that might function as climatic refuge to native species
- ldentify conservation scenarios impact on vulnerable species
- Inform planners on preferable areas for protection based on the findings

-

, &
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Methods

) - . . . ]lPelaglc habl% Damer::::a bitat
* Building the EWE model- continuous picture of the ecological ecosystem  «_ ") 4% _ s e
MQCG) HHHHHHHHHH et 2 s

 Spatially representing the ecosystem:

gss_ e s () ? G.,.,....o
1. Updating of the basic ecological parameters in the model £, & @ ®
2. Construction of new response functions —_— £ i
1 Q @
* Depth and Temperature

3. Division of the temperature into three layers (0-150, 150-Bottom,
Bottom) . ——
4. PP layer (0-150) I

UTM, km

J

v

5
é
_} 640 TV K 670
AN |
l_\_ vz » —
) —

-

, &

‘-'-_u’
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Results — Spatially representing the ecosystem

N 500000 550000 650000 700000
{? Ministry of National infrastructure,
irg Ener and Water Resource

T www.energy.g i

3700000 >

3700000

Depth
preferences

Fishery & Temperature
Climate change preferences

3650000
3650000

3600000

Habitats

Groups
parameters

3550000
3550000

-

¢« &

2512m
‘ 0 ki Wkm 20km  30km  40Km

Israeli EEZ MPAs masterplan 500000 50000 ’ soooo | = ‘

#1:120,000, UTM projection (WGS-84 datum -Zone 36)

3500000




Methods

* Examining climate change impact on biomass distribution:
= Using RCP 8.5 scenario until 2100
= |n 3 depth ranges: 0-150, 150-bottom, bottom

* Examining MPA effects on biomass:
 Existing and proposed MPAs in territorial waters + Palmahin Slide

* + Marxan prioritization for conservation Existing and proposed MPAs in territorial

waters + Palmahim Slide

for analysis and understanding we generalized grouping:
Invasive, Native, Invasive fish, Native fish, Fish, Invertebrates, Total Catch
Deep Sea Invertebrates, Deep sea fish, continental shelf Fishes , Zooplankton

Thi fishing impact both over the shelf and the slope is a part of the results

%\ﬂw Esri. DeLorme. GEBCO, NOAA NGDC, and other contribs utors.
3 ‘ . '

Marxan prioritization - high selection
Israeli EEZ MPAs masterplan TNILT JB 0723738 O0'N1 V30 NNIDW7 1IN N'10n
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Deep-sea functional groups

Results — Ecopath food-web

DS Bivalves
* 460 species: 325 deep sea ( 84 fish species) DS Scapophoda
5 Mesopelagic cephalopods
o DS Gastropods
Dolghins T8 — Recr®stion
NiﬁveDemersalﬁsh%s (feeding on fishes) LHSeDdQQiCﬂShﬁ =\ DS D d
Hike — 2 (faa:ﬁngmﬂgfgsmal‘ sharks Teontinental shelf) eca pO a
Flatfi2hes Rays aitd skates
oSt S o e e i st s e B 00350 — e B Demersal fishes Bathyal plain >1000m
Mesapel aqlr!:ep‘hdm Horse iackerel [}s.(ﬁmm’ fish ot
: Small peldgic fishes Demersal fishes Baliabiihes > .
fainos plankton < i€ gents Afien Shiines DVM fish
Macrozddplankton 05 ScRophoda
Mob'ﬂ@nthos
I — DS-sharks
icr@and mi=tZBoplankion Gastrdpots 05 Glopods deckfods DS de¥epodz ‘lien Felbivorous

Deep rocky habitat Fishes

1 Phton Benthic produoers . Disc%rds B\/-c?atch D S_ C h i m e ra

-»

¢« &

BTN
R~ e
__'\, [

‘-wu’
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Results — The base status: the ecological situation in 2022

DS decapoda Ton/Km?
E g 022 decapods Ton/Km®
0.045

&
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Results — The ecological situation in 2022

Goatfishes Ton/Km? Hake Ton/Km?
0.04 m 0.12

0.035
§ 0.1

10.03

0.08

0.02 0.06

0.015
0.04

0.01

0.005

Upeneus moluccensis
Upeneus pori

Parupeneus forsskali
~_—

Merluccius merluccius

‘-wu’
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Results — The ecological situation in 2022

Demersal fishes (upper slope) Ton/Km27
0.0
- 0.06
. : 5 -~ 0.05
Demersal fishes Mid Slope (400-900) TonfiKén14
0.04
0.12
0.03
0.1
Demersal fishes Bathyal planes -1000m Ton/KOn:); .
.004
0.02
0.08
0.004
1 0.0035 0.06 0.01
m 0.003

0.0025

0.002

0.0015

0.001

0.0005

“‘.‘l’
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Results — The ecological situation in 2022

DS-sharks Ton/KOrr;2 Demersal sharks (continental shelf) Ton/Km®
o 7 0.06

- 0.18

0.05
8 0.16

0.14

- 0.04

0.03

0.02

0.01

, &
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Results — The ecological situation in 2022

Large pelagic fishes ToniK(%;

10.07

110.06

&
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Results — Examining climate change impact on biomass distribution

) EEZ model 0-150m temperatures o EEZ model bottom temperatures
4 I I | | I T T T
221 138
20 - 13.6
!
Il HnllllH | ( |‘|H |
l“'lll’[ ‘ ”l”” I ,””””” l”” ” 13.4
' 13.2}
124000 2010 2020 zo‘so 2040 zo‘so zolso zol7o 2080 20‘90 2100 1zlkooo 20‘10 2020 zo‘so 2040 2050 2060 zo‘7o 2080 2090 2100
Year Year

- EEZ model 150m-bottom temperatures

18.41

183+ Temperature change based on RCP 8.5 scenario

18.2

Baklouti et al., 2021

18.1

18 "

"\

\?. pow
17.9 J * : R
2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 3 s W
Year ‘ &
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Results — Examining climate change impact on biomass distribution

Mean temperature change in three depth zones under climate change scenario 8.5

]

0.048 4 0.40

Bottom 150m -Bottom 0-150m

10.046 0.38

0.044 - 0.36

0.042 0.34
0.32

0.040

0.038 0.30

0.036 0.28

Pay attention to the scales
* Average of 2095-2099 Minus Average of 2016-2020

, &

a

‘-'au'

Israeli EEZ MPAs masterplan INIT T 073730 O0'N1 Y10 NNINe7 IN n'1on



Results — Examining climate change impact on biomass distribution

Biomass change of native species group in 2016-2020 and in 2095-2099 under climate change scenario 8.5

Base, Native Base, Native

2095-2099 Ton/Km* 2016-2020 Ton/Km®
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Results — Examining climate change impact on biomass distribution

Base, Native
2095-2099 VS 2016~-2020
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Results — Examining climate change impact on biomass distribution

Base, Deep sea fish
2095-2099 vs 2016-2020

Relative biomass change of deep-sea fish
group under climate change scenario 8.5
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Results — Examining climate change impact on biomass distribution

Base, Invertebrates
2095-2099 vS 2016-2020

Relative biomass change of invertebrate
group under climate change scenario 8.5
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Goatfishes Biomass
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10

Not all species react in the same way

Mullets Biomass

Results — Examining climate change impact on biomass
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Results — Examining climate change impact on biomass distribution

Base, Fish
2095-2099 VS 2016-2020
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Results — Examining climate change impact on diversity

Species diversity in 2016-2020 and in 2095-2099 under climate change scenario 8.5

Shannon diversity 2095-2099 Shannon diversity 2016-2020
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Results — Examining climate change impact on diversity

Shannon diversity 2095-2099 vs 2016-2020

Relative change in species diversity under
climate change scenario 8.5
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-

Israeli EEZ MPAs masterplan

1 0.06

B 0.05

0.03

0.02

0.01

-0.01

-0.02

-0.03



Examining the effect of existing and proposed MPAs under climate
change

The map of the proposed and existing MPAs
(screen view of the model)
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Results — Examining MPAs effect under climate change

Relative biomass change of native species
group under climate change scenario 8.5
with MPAs
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Results — Examining MPAs effect under climate change

Scenario 1 MPA vs Base
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Results — Examining MPAs effect under climate change

Scenario 1 MPA vs Base
2095-2099, Deep sea fish

Relative biomass change of deep-sea fish
group under climate change scenario 8.5
with MPAs

((avg. 2095-2099)-(avg. 2016-2020))/

-‘ ((avg 2016-2020) +1)

*

Israeli EEZ MPAs masterplan

m 0.035

~0.03

0.025

0.02

0.015

0.01

0.005

-0.005




Examining the effect of existing and proposed MPAs + prioritized areas
for protection in the EEZ under climate change

The map of the proposed and existing MPAs + = J
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Results — Examining MPAs effect under climate change

Scenario 2 MPA + Marxan vs Base
2095-2099, Native

Relative biomass change of native species
group with MPAs in territorial waters and
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Results — Examining MPAs effect under climate change

Scenario 2 MPA + Marxan vs Scenario 1 MPA
2095-2099, Native
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Results — Examining MPAs effect under climate change

Scenario 2 MPA + Marxan vs Base
2095-2099, Deep sea fish

Relative biomass change of deep-sea fish
group with MPAs in territorial waters and
EEZ
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Conclusions

* The expected climate change greatly changes the composition of the ecosystem and the
spatial distribution of the various groups. Groups of native species move to colder waters and
go deeper towards the slope - in future planning processes it is important to examine
options to protect species that go deeper there. We recommend focusing on two areas: the
first and smaller one is in the northern part where the slope is steep and the second is in
the southern part which relative to the deep sea is shallower and thus allows the species to
establish themselves there.

* It is evident that the closure of the protected areas helps preserve the biomass of the native
species and suppresses the invasive species - by all means we recommend trying to increase
the amount and areas of the reserves both in the shelf area and in the EEZ. With a special
emphasis on the areas that are very close to the slope, especially in the southern part (in
the area of the Palmahim MPA)
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Recommended areas for
climatic refuge to native species
And for conservation
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Take home messages

* From the results, it is clear that closing areas (conservation efforts)
over the continental shelf and deep sea areas (Marxen
recommendations) promotes increasing or preserving biomass of
native species

* Due to the expected warming of the sea water, our recommendation
for MPAs planning in the EEZ is to prioritize protection over the
slope, taking into account its bathymetric structure (the north is
steeper)
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Marxan analysis for the identification of priority conservation areas in the Israeli Exclusive
Economic Zone

Sylvaine GIAKOUMI & Emna BEN LAMINE
September 2022
Summary

The “Israeli EEZ MPAs masterplan” project is a systematic conservation planning initiative led by the Society
for the Protection of Nature in Israel (SPNI) in collaboration with the ministry of environment, academia and
the Israel Oceanographic and Limnological Research (IOLR) institute. After the collection and analysis of
environmental and socio-economic data was completed by the respective teams, we used these spatially
georeferenced datasets and the conservation planning software Marxan to identify priority conservation
areas in the Exclusive Economic Zone (EEZ) of Israel in the Mediterranean Sea. We included in the analyses:
19 representative benthic habitat types, five unique benthic habitats, four representative pelagic habitats,
and one special pelagic habitat. For all these conservation features, conservation targets were set by local
experts considering the conservation value of the features (representative / unique habitat), their spatial
extent, and level of certainty regarding their distribution. We also included in the analysis available spatial
data on activities belonging to the sectors of: hydrocarbon production, shipping and trade, fishing, security,
telecommunications, and waste disposal. By applying Marxan, we tried to overcome the challenge of creating
a protected area system, while accommodating existing users. We developed four sets of planning scenarios
considering: different sets of conservation targets, whether MPAs in territorial waters are included or not in
the analysis, and the different cost of hydrocarbon exploration licences. In all Marxan scenarios, the planning
solutions (reserve systems) identified corresponded to approx. 40% of the Israeli EEZ (ranging from 41 to
43%) with the exception of scenario 3 which had lower conservation targets and the identified priority areas
corresponded to approx. 30% of the EEZ. It is important to stress that the conservation targets for two
features: the ‘cold seeps with high probability of occurrence’ and the benthic habitat ‘southern slope’ were
not met in any scenario. The reason is that the spatial distribution of these features overlapped with the
distribution of activities that were incompatible with protection (treatment and production rigs, non-active
well systems, and restricted security zones) and thus areas of overlap were excluded from selection and
target (100%) achievement was impossible. Areas corresponding to 24% of the EEZ presented high selection
frequency across all scenarios. The map presenting the areas with high irreplaceability, and thus the areas
that should be included in future MPAs, could be used as the basis for discussions with stakeholders and
decision makers. Alternatively, scenario 3 in which priority areas correspond to approx. 30% of the EEZ could
be used as the basis for such discussions in order to achieve the 30x30 target, i.e. protect 30% of Israel’s
marine environment by 2030. It is important to stress that Marxan is meant to support decision-making and
act as a starting point for planning discussions. Its results must be refined by decision-makers to consider the
full range of political, socio-economic and practical factors affecting planning implementation.
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2. The conservation planning software Marxan

Marxan (Ball et al. 2009) is a freely available software designed to help decision makers find solutions to
conservation, and other spatial planning problems. Marxan was developed to address the problem of
creating a protected area system, while accommodating existing users. The basic idea behind a reserve
design problem is that a conservation planner has a large number of potential sites (or ‘planning units’)
from which to select new conservation areas. The objective is to devise a reserve system which is made
up of a selection of these planning units which will solve a problem that includes several ecological, social
and economic criteria and principles.

Marxan is primarily intended to solve a class of reserve design problem known as the ‘minimum set
problem’, where the goal is to achieve some minimum representation of biodiversity features for the
smallest possible cost (Ball et al., 2009). The rationale here is that cheaper or less socially disruptive
reserve networks are more likely to be implemented. In minimum set problems, the features of
biodiversity that one wishes to conserve (hereafter referred to as ‘conservation features’) are treated as
constraints to solutions of the problem (Possingham et al., 2000) — e.g. we must conserve at least 300 km?
of coral reefs or 30% of their known spatial distribution. Conservation features can reflect the presence
or distribution of species, habitats, and any other elements of biodiversity that can be spatially
represented. Given reasonably comprehensive data on features, Marxan aims to find a suite of solutions
for reserve network designs that meet user-defined ‘targets’ for the minimum ‘cost’ (Possingham et al.,
2000).

Marxan contains a variety of algorithms, but the most commonly used is simulated annealing, to find good
solutions to a version of the ‘minimum set problem’ that includes spatial compactness. Algorithms solve
problems, and the Marxan problem is to find a reserve system that is a combination of three objectives:
1. conserve a certain amount of every conservation feature, 2. minimise the impact of those decisions
on other users of the land- or sea-scape, and 3. keep the reserve system compact. Compact solutions
(i.e., the selection of planning sites that are adjacent) are preferable by decision-makers because they are
managed more easily than sites that are scattered across a region.

With each run, Marxan produces multiple ‘good’ solutions for reserve network configurations, thus
increasing the chance of finding a solution that maximizes conservation interests while minimizing
socioeconomic or other types of impacts. It can enhance the rigor, transparency and repeatability of
decisions that are inherently complex and potentially subjective. Marxan is meant to support decision-
making and act as a starting point for planning discussions. Its results must be refined by decision-
makers to consider the full range of political, socio-economic and practical factors affecting planning
implementation.

Marxan key terms and definitions are reported below for future reference.

e Conservation feature: The feature (e.g., species, habitat, process, etc.) for which a target is set for
inclusion in the reserve system.

e Conservation targets: The minimum quantity or proportion of the conservation feature in the
planning region to be included in the solution (e.g., protect 30% of each habitat type in the reserve
system).

e Cost: A function Marxan acts to minimize in its pursuit of achieving the conservation targets. It is
meant to reflect the cost of including a ‘planning unit’ in the reserve design. Costs are flexible and



often pertain to socioeconomic implications of establishing a reserve (e.g., land acquisition cost;
management cost; opportunity cost).

e Planning region (also known as planning area/extent, study area): The spatial domain over which
the planning process occurs. This area is subdivided into planning units.

e Planning unit: Spatial units within the planning region, which can be defined as regular shapes
(grids or hexagons) or irregular landscape-based features (e.g., watersheds). The planning unit size
reflects the minimum size of an acceptable MPA.

e Solution: A binary output of Marxan reflecting whether a planning unit is selected (1) or not
selected (0) as part of the reserve system.

e Selection Frequency: the summed output of all solutions

3. Marxan as a tool for implementing Systematic Conservation Planning
Marxan is often employed as part of a larger systematic conservation planning (SCP) process. SCP is a
framework for identifying potential protected areas that efficiently achieve a specific set of objectives,
commonly some minimum representation of biodiversity (Margules & Pressey, 2000; Pressey & Bottrill,
2009). It is a major advance compared to conventional conservation planning approaches, which have
often been applied to select reserves based on urgency, scenery, the evaluation of planning units
independently, and ease of designation (Kukkala & Moilanen, 2013). It also differs from the approach of
identifying biodiversity hot spots, because the selection of conservation sites takes into account the
complementarity of sites in achieving the representativeness of the conservation features as well as
efficiency in meeting the targets. This means that when applying SCP with Marxan, site A which has the
highest number of species (e.g., 10 species) and high socioeconomic cost (e.g., an area where hydrocarbon
exploration occurs) may not be selected but two complementary sites B (with 6 species) and C (with
another 5 species) will be selected instead because collectively they cover more species (11 in total) and
collectively have a lower socioeconomic cost in comparison to site A. SCP is widely considered 'best
practice' in creating systems of protected areas because it facilitates a transparent, inclusive and
defensible decision-making process.

The SCP framework consists of 11 stages (Table 1) encompassing the design, implementing, and
monitoring of conservation areas (Pressey & Bottrill, 2009). The ninth stage, commonly referred to as
‘spatial conservation prioritization’, involves the selection of new reserves to achieve conservation
objectives. Although Marxan can be used for a variety of purposes at various stages of the SCP process, it
was designed primarily to facilitate spatial conservation prioritization by providing decision support. It
also helps incorporate core conservation planning concepts, such as complementarity and
representativeness into the earlier stages of identifying goals and objectives for the process (Kukkala &
Moilanen, 2013).

Marxan is the most widely used systematic conservation planning tool globally. Several case studies
illustrating the various applications of Marxan can be found at www.maxansolutions.org .



http://www.maxansolutions.org/

Table 1 Key Stages of Systematic Conservation Planning (Pressey & Bottrill, 2009)

. Scoping and costing the planning process

. Identifying and involving stakeholders

. Describing the context for conservation areas

. Identifying conservation goals

vl b W N

. Collecting data on socio-economic variables and threats

6. Collecting data on biodiversity and other natural features

7. Setting conservation objectives (spatially explicit targets)

8. Reviewing current achievement of objectives

9. Selecting additional conservation areas

10. Applying conservation actions to selected areas

11. Maintaining and monitoring conservation areas

4. Mathematical formulation of Marxan
Marxan finds solutions to a well-defined mathematical problem. Commonly, it minimizes the combined
cost of the reserve network and the boundary of the entire network, while meeting a set of conservation

targets. This problem can be expressed mathematically as:

minimize Efs xici+b Z‘;VS 2‘;{5 x; (1 — xp)cvp (1)

subject to meeting all conservation targets

N .
¥ xirij =TV (2)

and x;is eitherOor 1

x; €{0,1}Vi

where 1 is the occurrence level of conservation feature j in planning unit i, ¢; is the cost of planning unit
i, Ns is the number of planning units, Ny is the number of conservation features, and T is the target for
conservation feature j. The variable x; has value ‘1’ for planning units selected to form part of the reserve
network, and value ‘0’ for sites not selected.

The first term in Equation 1 is a penalty associated with the cost of the network. The second term is a
penalty associated with the spatial configuration or shape of the network, also known as boundary cost.
The parameter cvi reflects the cost of the connection between planning unit i and planning unit h,
typically measured as the shared boundary between these two planning units. If one planning unit is in
the reserve system, and the other is not, then a connection cost is applied. If both planning units are out
or in, the connection cost is not paid. The parameter b is the boundary multiplier (or the boundary length
modifier, BLM), a user-defined parameter that controls the importance of minimizing the boundary cost



(or total boundary length) of the reserve system. The higher the b value, the more importance is given to
achieve a more compact reserve configuration.

In Equation 2, T is the target for a given biodiversity feature. Targets can be expressed as an amount (e.g.,
km? of a particular habitat) or as the number of occurrences (number of individuals) or a proportion of
the distribution of every feature that is the focus of the reserve system. Targets in Marxan are specific to
the conservation features and not for other configuration characteristics, such as the minimum size of
areas zoned, or the number of distinct areas zoned for conservation.

Marxan solves the problem by placing the objectives (Equation 1) and the constraints (Equation 2)
together into an ‘objective function’ by transforming the constraints into an additional penalty term. This
allows Marxan to calculate a value for a collection of planning units, which in turn can be used to compare
alternate solutions (i.e. collections of planning units) and hence identify better solutions.
Thus, the objective function in Marxan takes the form:

Zf-vs Xici+b vas Zf\:s x; (1 — xp)cvy, + Zf,vf FPF;FR;H(s) (Ti)) (3)
where the first term is the total cost of the reserve network and the second term if the boundary cost of
the reserve network multiplied by the boundary length modifier. The third term includes the target
constraints presented in Equation 2, but now as a shortfall penalty equation. The terms FPF;and FR;are
the feature penalty factor (also commonly referred to as the ‘species penalty factor (SPF)’) and feature
representation respectively. FPF; is a scaling factor that determines the relative importance of meeting
the representation target for feature j. FR; is computed as the representation cost of meeting the
representation target of feature j.
The shortfall s is the amount of the representation target not met and is given by:

N _
s=T %, xry. (4)

The Heaviside function, H(s), is a step function which takes a value of zero when s > 0 and 1 otherwise.
The feature specific parameter T; is the target representation for feature j. The expression (s/T)) is the
measure of the shortfall in representation for feature j. It is reported as a proportion and equals ‘1’ when
feature j is not represented within the configuration and approaches ‘0’ as the level of representation
approaches the target amounts. The Heaviside function ensures the whole equation becomes zero when
the representation is greater than the target amount. The shortfall penalty is zero if every biodiversity
feature j has met its representation target in the selected reserve network. It is greater than zero if the
targets are not met and gets larger as the gap between the target and the amount not included in the
solution increases.

5. Marxan application for the identification of priority conservation

areas in Israel’s EEZ

X. 4.1. Israeli EEZ MPAs masterplan
The “Israeli EEZ MPAs masterplan” project is a systematic conservation planning initiative led by the Society

for the Protection of Nature in Israel (SPNI) in collaboration with the ministry of environment, academia and
IOLR. The first step of this process (Figure 1) of collecting and analysing environmental data was completed
in July 2022. This report presents the results of the process of prioritizing areas for conservation using the

5



Marxan planning tool, as part of the second step of the project of applying decision support tools. The work
described in this report was carried out between August and October 2022.

3 |

Spatial prioritization for
conservation using
Marxan

Applying decision
support tools

Figure 1. Israeli EEZ MPAs masterplan workflow. The steps realized in this report are presented in dark blue.

1. 4.2. Objective of the study and planning region
The software Marxan was used to identify priority conservation areas in the Exclusive Economic Zone

(EEZ) of Israel in the Mediterranean Sea. Israel’s EEZ boundary negotiations are still on-going with
neighbouring countries. The present study used the boundaries delineation proposed by the lIsraeli
Planning Administration. More specifically, this study aims to identify priority areas to be included in a
representative and efficient network of Marine Protected Areas (MPAs) in the Israeli EEZ considering 36
conservation features (including deep-sea and pelagic habitats and pseudo-habitat categories as reported
in section 4.2) and socioeconomic activities belonging to six economic sectors (detailed in section 4.3).

The planning region encompassed not only the EEZ but also Israel’s territorial waters in the Mediterranean
Sea as we wanted the reserve system to be connected to the existing network of MPAs (at different
fulfilment stages, from planned through declared to actively managed) which is located in the territorial
waters, along the continental shelf (Figure 1). This connectivity is especially important since
transportation processes down the continental slope were recently found to play a significant role in deep
sea ecosystem dynamics in the region (Guy-Haim et al. 2022). The entire region of 25893 km? was divided
into 6690 planning units of ~4 km?; the planning units belonging to the EEZ covered an area of 21831 km?2.
Identifying further MPAs in the territorial waters was beyond the scope of the study; therefore, all
planning units in the territorial waters that did not overlap with MPAs were excluded from selection. More
details about the treatment of planning units in the territorial waters and planning scenarios are provided
in section 4.4.
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Figure 2. Planning region divided in 6690 planning units of 4km?. Yellow polygons correspond to declared, approved, and
suggested marine reserves in the territorial waters of Israel, including special marine areas (Israeli Planning
Administration 2020).

1. 4.3. Conservation features and targets
Overall, 36 conservation features were defined for which targets were set for inclusion in the reserve
system (Shabtay et al. 2022). More specifically, we included in the analyses: 19 representative benthic
habitat types, five unique benthic habitats, four representative pelagic habitats, and one special pelagic
habitat. Four unique benthic habitats (soft bottom sponge grounds, coral gardens, cold seeps, sea pen
fields, and rock and pockmarks) as well as the special pelagic habitat (cyclone presence) were further split
into different features based on the probability of occurrence as predicted by habitat suitability models
(see Table 2). The spatially explicit information for each feature was attributed to each planning unit as

presence (1) or absence (0) data.

For each conservation feature, a target was set as a percentage of its total distribution to be included in
the reserve system (Table 2). The targets were set after consultation with local experts and considering
the conservation value of the features (representative / unique habitat), their spatial extent, and level of
certainty regarding their distribution (Shabtay et al. 2022). A second set of lower targets was considered
to allow for more flexibility in Marxan’s solutions and allow smaller area requirement for meeting the
conservation targets. Yet, targets for some features remained unchanged because their spatial coverage
was restricted and a lower target would not secure their adequate protection.



Table 2 Conservation features and coverage target for their inclusion the planning solutions. EEZ coverage percentage
is summed for representative benthic habitats that fully cover the entire area of the EEZ. Overlapping habitats area
which include the unique benthic habitats that are nested in representative habitats, and pelagic habitats are not
summed to avoid multilayer counting.

Feature type Conservation feature % Total Conservation Lower
EEZ % of target % target
EEZ %
REPRESENTATIVE Bathyal plain — Deep- 7.0 7 30 20
BENTHIC Sea Fan
HABITATS Foraminiferous 8.4 15.4 30 20
assemblage
Northern Slope - Base 3.3 18.7 50 50
Slope
Northern slope- Lower 0.4 19.1 100 100
Slope
Palmahim A 0.9 20 100 100
Palmahim B 1.0 21 100 100
Palmahim C 0.7 21.7 100 100
Southern Slope 0.7 22.4 100 100
Sponge ground - Deep 2.3 24.7 50 30
Sea Fan
Sponge  ground - 3.4 28.1 50 30
Sediment Waves
Sponge ground- Deep 3.7 31.8 50 30
plain
Unknown - Base Slope 7.2 39 30 20
Unknown - Lower 4.3 43.3 50 30
Slope
Unknown - Main Deep- 31 74.3 20 10
Sea Fan
Unknown - Sediment 12.4 86.7 20 10
Waves
Unknown - Southern 9.4 96.1 30 20
Deep-Sea Fan
Unknown -  Upper 1.0 97.1 100 100
Slope
Unknown- Deep plain 2.8 99.9 50 30
UNIQUE Soft bottom sponge 0.38 100 100
BENTHIC ground (prob. 0.7-1)
HABITATS Soft bottom sponge 1.6 60 60
ground (prob. 0.3-0.6)
Soft bottom sponge 11.2 30 20
ground (prob.<0.3)




Coral garden (prob. 0.1 100 100
0.7-1)
Coral garden (prob. 2.2 70 70
<0.7)
Sea pen field 0.1 100 100
Cold seeps (prob. 0.7- 0.2 100 100
1)
Cold seeps (prob. <0.7) 1.6 70 70
VME indicator habitat 1.2 100 100
(rock and pockmarks-
0.7-1)
Rock and pockmarks 1.8 50 30
(prob. 0.4-0.7)
Rock and pockmarks 10 30 20
(prob. <0.4)
Levant channel* 33 20 10
REPRESENTATIVE Pelagic slope 11.5 20 10
PELAGIC
HABITATS
Pelagic warm 28.7 20 10
Pelagic cold 4.8 20 10
Pelagic high Oxygen 28.8 20 10
SPECIAL PELAGIC Cyclone presence (0.7- 4 100 70
HABITATS 1)
Cyclone presence (0.4- 23 50 30
0.7)

*Unique feature. A conservation target of 20% was suggested by experts in the consultation process

T. 4.4. Socioeconomic activities considered and cost

The spatial distribution of predominant human activities in the planning region and their relative costs
were adopted in the analyses from Amir and Karniel (2022) who collected and analysed data on
socioeconomic activities in the Israeli EEZ. Data corresponded to existing activities and activities that are
expected to be executed in the near future (Table 3). More specifically, we considered activities belonging
to the sectors of: hydrocarbon production, shipping and trade, fishing, security, telecommunications and
waste disposal (see Table 3). For each activity, a cost was attributed by experts based on its economic
importance and compatibility with MPAs.

Economic importance was adopted from the Maritime Policy for Israel’s Mediterranean Waters (Israeli
Planning Administration 2020). The policy document defined shipping and trade, and hydrocarbon
production as strategically important sectors with high economic importance. Additionally, the policy
document prioritized security and defence uses for spatial allocation as they enable the strategically
important activities existence. Qualitative ranking of economic importance of the socioeconomic activities
for Marxan was performed on a scale of 1 to 6, from low importance to high importance, respectively.
Compatibility with MPAs was qualitatively assessed (compatible/incompatible) as a spatial conflict of uses
and not an impact on habitats due to lack of quantitative data and knowledge on impacts to deep-sea and



pelagic habitats from each specific activity. For example, the scientific literature clearly demonstrates the
impact of hydrocarbon production drilling on benthic and pelagic habitat, and therefore the activity was
assigned as incompatible with MPA, although the impact extent might differ among habitats.
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Figure 3. Planning region with economic activities occurring in the EEZ and considered in the Marxan analysis.
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Table 3. Socioeconomic activities included in the spatial prioritization analysis.

Sector
Hydrocarbon
Production
Shipping and
Trade
Security

Existing or past
activity

Non-active well
systems

Active well systems

Past exploration
drilling

Treatment and
production rigs

Exploration licenses

Lease rights

Natural gas pipeline

Shipping lanes

South-north lane -
alternative shipping
lane

AIS Density Maps - all

Restricted security
zone

Description

Areas where gas was formerly extracted for commercial production
and are no longer active

Areas where gas is being extracted for commercial production.
Located within areas of lease rights

Areas where exploration drilling were preformed but did not lead to
commercial production

Facilities to extract and process natural gas. Located within areas of
lease rights

Areas where license exist for conducting exploration gas drilling

Areas leased for commercial production of gas. Usually contain
several active well systems and production rigs

Pipeline that transport the extracted hydrocarbons to and from
commercial facilities

Official shipping lanes defined by the Israeli Planning Administration

Vessels density calculated from AIS data on all types of vessels in the
region between 2017 and 2021

Restricted areas around strategically important facilities such as gas
production rigs

Econ
omic
impo

Competabi
lity with
MPA

No

No

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

No

Cost

locked out

locked out

low cost

locked out

medium cost

high cost

high cost

high cost

high cost

medium cost

locked out



Fishing

Telecommuni
cations

Waste
management

Trawling Effort

Existing
Communication
cables
Blue-Raman cable

Waste dumping site

Trawling effort calculated by processing AlS data. Effort was
calculated following Garcia-Bardn et al. (2021)

Other fishing methods such as longline fishing exist in the area but no
spatial data was available and therefore only trawl fishing was
included in the sector

Existing communication cables stretched from Israel to other
countries

Planned Hi-Tech communication cable from Israel to other countries.
Expected establishment in the next few years

Dumping sites, mainly of coastal constructions waste that is
accumulated following dredging and digging

No

Yes

Yes

No

low cost

low cost

low cost

locked out



Locations with activities that are incompatible with marine conservation and that have high economic
importance, such as sites with hydrocarbon active well systems, were excluded from selection (‘locked
out’ in Marxan terminology). For all other areas, economic importance ranking and compatibility with
MPAs were qualitatively categorized as low-medium-high. The locations encompassing activities of low
economic cost were given a value of 10, those of medium economic cost a value of 100, and those of high
economic cost a value of 1000. The total cost of a planning unit was estimated as the sum of the cost of
the economic activities taking place within the planning unit. An order-of-magnitude difference was given
among the different cost categories (low, medium, and high) to differentiate and highlight the areas of
high cost and thus guide Marxan to avoid the selection of such areas. The planning units without economic
activities were given a value of 1 because Marxan has the tendency to add planning units with zero cost
(even if they do not contain conservation features) when the connectivity penalty increases (see section
3).

n. 4.5. Marxan scenarios and parameters
Different planning scenarios were developed (Figure 4) considering: whether MPAs in territorial waters

are included or not in the analysis (resulting in scenarios a & b), different sets of conservation targets
(Table 2), and the different cost of hydrocarbon exploration licences.

Scenario 2 (a & b, i.e. including territorial MPAs in the analysis or not) was chosen because experts’
opinions were divided regarding

1a: targets defined
by experts

the protection of the unique
habitat ‘soft bottom sponge

2a: High ground’. The reason is that the
probability sponge
grounds with 100%
Territorial waters target
MPAs included

distribution models predicted

relatively vast distribution (with

Planning scenarios

|\ Territorial waters
MPAs not included

3a: Reduced
conservation
targets

4a: Decreased cost
for exploration
licence

1b: targets defined
by experts

2b: High
probability sponge
grounds with 100%

target

3b: Reduced
conservation
targets

4b: Decreased cost

Figure 4. Planning scenarios for the identification of priority areas

for conservation in the Israeli EEZ.

low probability) and in some way it
contradicted the concept of
protecting 100% of unique habitats
due to their very limited
distribution and great sensitivity.
Therefore, we proposed this
scenario to be able to evaluate the
sensitivity of the results to these
specific targets to make more
educated decision in the planning
process. In Scenario 3, we
examined the sensitivity of
planning solutions when using a
different set of targets, allowing for
more flexibility in  Marxan’s
solutions resulting in smaller area



requirement for meeting the conservation targets. In Scenario 4, we investigated the sensitivity of the
planning solutions when using a different cost for the activity of gas exploration (from high cost to
medium). In all scenarios, the Palmahim disturbance area was ‘locked in’ the planning solutions
because it is designated for conservation in the Israeli MSP (planning administration, 2020) and
proposed as the first EEZ marine reserve by the Israeli Minister of Environmental Protection. This area
includes several rare and highly vulnerable benthic habitats such as deep sea coral gardens, brine pool,
and cold methane seeps.

In all scenarios, the feature penalty factor (FPF which is a scaling factor that determines the relative
importance of meeting the representation target for a feature; see section 3) was set to 100 for all
features except for the representative pelagic habitats and two other features (the coral gardens and
the rock and pockmarks both with low probability of occurrence) for which a value of 1 was enough to
ensure the achievement of the representation target. However, it is important to stress that no matter
how high was the FPF value, the conservation targets for two features: the cold seeps with high
probability of occurrence and the benthic habitat ‘southern slope’ were never met. The reason is that
the spatial distribution of these features overlapped with the distribution of activities that were
incompatible with protection (treatment and production rigs, non-active well systems, and restricted
security zones) and thus areas of overlap were excluded from selection and target (100%) achievement
was impossible (see Figure 5).
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Figure 5. Overlap of human activities and conservation features for which conservation targets were never met (cold
seeps with high probability of occurrence and the habitat ‘southern slope’.

To calibrate the Boundary Length Modifier (BLM, a parameter that controls the importance of
minimizing the boundary cost or total boundary length of the reserve system; see section 3) and find
a solution of acceptable compactness, we used the QMarxan plugin for QGIS. Through the
parametrisation of the BLM we aimed to provide a measure of structural connectivity to the planning
solutions. At present, data on functional connectivity regarding species in the Israeli EEZ are
unavailable. After calibration (Figure 5), we found that beyond the value of 100, the cost of the reserve
system increases disproportionately and that the best BLM values are within the range of 10 and 100.
After consultation with SPNI, a BLM value of 30 was selected for all scenarios. Nevertheless, for the
scenarios 3a and b for which an area of about 30% of the EEZ was selected for protection, additional
scenarios were tested with a BLM value of 200 for generating more clumped solutions. Through the
parametrisation of the BLM we aimed to provide a measure of structural connectivity to the planning
solutions. At present, data on the functional connectivity regarding species in the Israeli EEZ are
unavailable.



All scenarios were run 100 times (10 million iterations each run), from which the best solution was
retained for comparison as well as the selection frequency across all solutions.
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Figure 6. Boundary Length Modifier (BLM) calibration for finding clumped solutions that balance cost and boundary
length in planning solutions.

6. Priority conservation areas in Israel’s EEZ in the Mediterranean Sea

In all Marxan scenarios, the planning solutions (reserve systems) identified ranged from 41% to 45% of
the Israeli EEZ with the exception of scenarios 3a and b (with BLM values 30 and 200) which had lower
targets and the identified priority areas corresponded to approx. 30% of the EEZ (Table 4). The cost
was higher for scenarios 1 and 2 than for scenarios 3 and 4. In the case of scenarios 3 (a & b), this was
because of the lower % area selected (as a result of setting lower targets) whereas in the scenarios 4
(a & b), the lower cost resulted from reducing the hydrocarbon exploration licence cost from medium
to low.

Table 4. Area and percentage coverage of the Israeli EEZ, cost of the best solutions, and targets not met in planning

scenarios.
Scenarios  Description Area % of Cost (Marxan  Features for which
(km?)  EEZ values) targets were NOT met
1a Targets defined by experts 8968 41.25 190979 cold seeps (with high

for all features and probability of
territorial MPAs locked in



occurrence), and
‘southern slope’

1b Same as 1a but all 8990 41.35 190343 cold seeps (with high
planning units in territorial probability of
waters are locked out occurrence), and
‘southern slope’
2a Sponge grounds as one 9997 45.79 | 195731 cold seeps (with high
feature with probability of probability of
occurrence more than 0.3 occurrence), and
and target 100% and ‘southern slope’
territorial MPAs locked in
2b Same as 2a but all 8974 41.10 | 195491 cold seeps (with high
planning units in territorial probability of
waters are locked out occurrence), and
‘southern slope’
3a Targets reduced for some 6229 28.65 148838 cold seeps (with high
conservation features (see probability of
Table 2) and territorial occurrence), and
MPAs locked in ‘southern slope’
3b Same as 3a but all 6292 28.94 | 148619 cold seeps (with high
planning units in territorial probability of
waters are locked out occurrence), and
‘southern slope’
4a Same as 1a but 6187 28.46 | 162120 cold seeps (with high
exploration licence cost is probability of
low instead of medium occurrence), and
‘southern slope’
4b Same as 4a but all 6163 28.35 162585 cold seeps (with high
planning units in territorial probability of
waters are locked out occurrence), and

‘southern slope’

Below (Figures 7-11), the best solutions and selection frequency for each scenario are presented. It is
important to bear in mind that the best solution (on the left of each panel) demonstrates the most
efficient reserve system to achieve all the targets set with the exception of the two features mentioned
above: the cold seeps with high probability of occurrence and the benthic habitat ‘southern slope’. The
figures with the selection frequency (on the right of each panel) show the number of times a planning
unit was selected across Marxan runs and thus indicate the areas that have a higher irreplaceability for
achieving the conservation targets.

Planning solutions across all scenarios included common areas: a large area in the centre of the
planning region, an area in the southwest, another in the north, and the planning units adjacent to the
territorial waters. However, planning units in the northeast of the region are selected only in “scenarios
a” where the selection of territorial MPAs is forced into the planning solution (these areas are indicated
with circles and arrows in Figures 7-11). The selection of these planning units enhances the coherence



of the designed reserve system with the current network of territorial MPAs and does not affect the
cost of the planning solution nor the percentage of area required for protection (see Table 4).
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Figure 11. Best solution (on the left) and selection frequency (on the right) for scenarios 4. In scenario 4a, the
territorial MPAs are selected by default.

In Figure 12, the overall selection frequency of planning units across all scenarios is presented. The darker
red areas are the planning units with higher irreplaceability (selection frequency 81-100%) and correspond
to 24% of the EEZ. These planning units contribute the most to the achievement of the conservation
targets while overlap with high cost areas (i.e., areas with high cost activities) is avoided (Figure 13). These
highly selected areas are the most crucial to include in the future network of MPAs in the EEZ for the
protection of the habitats included in this study. The map in Figure 12 could serve as a basis for discussion
with stakeholders for the definition of the exact location and delimitation of MPA boundaries. However,
it is important to remind the reader that only the best solutions presented in Figures 7-11 (maps on the
left side of the panels) ensure that the predefined conservation targets are met. Alternatively, and to
ensure that the conservation targets that were set are met (with the exception of those set for the
features: cold seeps and southern slope), Scenario 3 could be selected as a negotiation basis, since the

priority areas identified cover approx. 30% of the EEZ.
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Figure 13. Planning units with high irreplaceability and the distribution of human activities in the background.

7. Conclusions

Knowledge gaps are a serious bottleneck for efficient conservation planning, especially when shifting
from coastal to offshore EEZ-wide conservation. While deep-sea ecosystems represent the largest
biome globally, deep-sea species richness is still largely unknown (Danovaro et al. 2010). Sampling
deep-sea biota over large areas is time consuming and costly (Anderson et al. 2010). In the absence of
biodiversity data, the use of geomorphological, physical, and chemical oceanographic features as
surrogates for biological data has become common practice both in coastal and deep-sea ecosystems
(Katsanevakis et al. 2015). In this broader study, Shabtay et al. (2022) were able to define 36
conservation features in the Israeli EEZ using field data, surrogates and modelling. Therefore, the lack
of data should not be used as an excuse for inaction regarding ecosystem management, and best
practices for marine spatial and conservation planning should be adopted.

We used the most popular worldwide conservation planning software, Marxan, for identifying priority
areas for conservation in the Israeli EEZ in the Mediterranean Sea. Marxan has been used for the
identification of MPA networks in the territorial waters of several Mediterranean countries (e.g.,
Giakoumi et al. 2011, 2012, Mazor et al. 2014) but rarely for planning MPAs in the EEZ and when this
was the case, coarse habitat categories were used (e.g., Levin et al. 2015). Using 36 refined habitat
categories, we developed different planning scenarios demonstrating key areas for biodiversity
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conservation in the Israeli EEZ that cover between 28% and 45% of its extent depending on the
conservation targets to be met. The reserve systems presented herein achieve the conservation targets
for all but two conservation features because their distribution overlaps with areas where
socioeconomic activities that are incompatible with marine biodiversity conservation occur. For these
two features (cold seeps with high probability of occurrence and the benthic habitat ‘southern slope’),
setting a conservation target of 100% is unrealistic and management actions should be sought to
minimize impacts on these habitats beyond the borders of MPAs. At the same time, stakeholders
should pay attention to the fact that we cannot protect 100% of these habitats due to their partial
distribution in highly impacted areas and should therefore be even more cautious in other areas where
these habitats exist. A potential measure to secure the preservation of these habitats of limited extent
within MPAs, could be the adoption of buffer zones of adequate size, based on scientific literature,
beyond the borders of the MPAs.

Across all scenarios, 24% of the EEZ was consistently selected as a priority area for conservation. The
map demonstrating these areas (Figure 12) could be used as a basis for discussion with stakeholders
and decision makers. It is important to stress that Marxan operates as part of a planning process and
is not designed to act as a stand-alone reserve design solution. Marxan should be used as part of a
systematic conservation planning process and in collaboration with other forms of knowledge (e.g.,
local ecological knowledge which is developed through long-term interactions with the natural
environment, generating a deep understanding of the surrounding ecology and/or the use of other
scientific tools such as ecosystem modelling). These other forms of knowledge are essential to the
refinement of Marxan inputs, the interpretation of Marxan outcomes and the refinement of final
conservation area boundaries. Besides the development of a dynamic model that will give additional
scientific evidence improving the design of the reserve system, an equitable and transparent
stakeholder engagement process is necessary for the adoption of a final plan. As stated in the
introduction: “Marxan is meant to support decision-making and act as a starting point for planning
discussions. Its results must be refined by decision-makers to consider the full range of political, socio-
economic and practical factors affecting planning implementation.”
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Appendix 1. Post-analysis updates of international EEZ border change and gas explorations spatial
distribution.

Several months after reporting Marxan analysis results for the Israeli EEZ, several spatial changes have
occurred (Figure Al). Political negotiations between Israel and Lebanon reached an agreement on the
maritime border between the two countries. The official new border differs from the border that was
accounted for in the analysis reported. In addition, over 4,000 km? of gas exploration licenses were
returned to the state without being explored. Finally, gas reservoirs were discovered in other 1164 km?
of gas exploration blocks.

The overall area of these spatial alternations encompass about a third of the EEZ area and therefore
additional examination of the impacts of these changes is required.
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Figure 1. Spatial alternations in the Israeli EEZ occurred after initial use in Marxan

To address this requirement, we used scenario 3a as a basis for examining the impact of the spatial
alternations. This scenario (hereafter = scenario 5) accounts for the lowest possible conservation
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targets, and therefore, it may highlight the impact of changes in socioeconomic activities. The following
parameters for this scenario were changed:

1.

Planning units in the area that was excluded from the Israeli EEZ following the agreement with
Lebanon were locked-out of the analysis.

The cost of planning units in the areas where gas exploration licenses were returned to the state
was reduced from medium cost to low cost.

The cost of planning units in the blocks where gas reservoirs were discovered (blocks 12,23,31)
was increased from medium cost to high cost, as it is expected to change from exploration
license to lease production rights.

Conservation target for Soft bottom sponge ground (prob. <0.3) was set to zero as in scenario
2a.

Selection frequencies of planning units in scenario 5 are presented in Figure 2.
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Figure 2. Selection frequency in scenario 5.

We recommend planners to account for the results of this scenario among all previous Marxan outputs
in the planning process and the finalization of the MPA masterplan draft.
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