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English Abstract , - 1 L ¥ "4« *

The Israel National Monitoring Program in the Northern Gulf of Agaba
Funded by I srael dés Ministry of Envir

Scientificreport2 0 2 0

Dr. Yonathan Shaked, Program Manager
Prof. Amatzia GeninScientific Director
(March, 2@1)

Introduction

This report describes the work and results of Ig&kdtional Monitoring Prograrm the Gulf of
Aqgaba Eilat) T NMP T in the year2020. It is divided into chapters according to habitats and the methods
employed Each chapter includes a short description of the methods used, a detailed description of the
results including data and figures, and a discussion of the findings. A comprehensive description of the
methods used is given in the NMP aahscientificreport of 2003. While most of the text in this report is
in Hebrew, all igures and figure captior@ae given in English.

The NMP has been operating since 2004, collecting continuousylatingpredetermined standard
methodsanda dedicated team. The ability to review consistently collected data provides increased
analytical power and confidence in our findingowing us to seek inteannualpatterns and trends. A
comparison of the preseday state of the reef with historicgiremonitoring,data can be found in the
NMP annual scientific report &004.

TheNMP has added several new measurements and variables since its initiation, and these are
introducedn the respective annual reports of theitiation year.

This yeartwo main events affected our findings. The first is the G@vmhndemic that brought
about major restrictions and consequently several monitoring schedules were disrupted, and in particulal
the monthly sampling cruises along the coast and in the deggeseaot held in the months March and
April. The second event was a strong southern storm that hit the coast of Eilat on March 13, 2020. It was
the strongest storm in the NMP record and perhaps the strongest in memory.

Modifications to newly implementedeasurements were made and these are described in their
respective chapters. Coral settlement plates were plaggd'aA for the second time, and this is now a
third site for this survey (in addition to the Interuniversity and the nature reserve sithg)phevious
year the surveys of seagrass cover were extended to the depth of 30 meters and this year a seasonal
component was added, with surveys conducted tivinewinter and in summer. The sediment traps (an
array moored to the sea floor at 600 metdpth) that supplied data regarding partical fluxes in the water
column was lost at sea mi019 and attempts were made to put together a new array. Hopefully sediment
trap measurements will resume during the next YRS benthic settlement arrays veeextracted
processed and4@aced at two locations. Material from ARMS arrays was sent for analyses.

TheNMP reports are available through the web site of Iérdginistry of Environmental Protection:
http://www.sviva.gov.il/ and on theN\MP page in thaUl web-site: http://iui-eilat.ac.il/.

A database that includesita collected bthe NMP since 2004 is available for public download
through theNMP websiteaccessiblehrough thdul.

For questions or comments please contanithan.s@mail.hiji.ac.ll
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Key findings of this year

The coral reefs of Eilat

1.

Live coverof stony coral§ Coral cover was greatly damaged by the strong southern storm that
hit Eilat in March 2020. The stormbés effect
damage occurred in the shallow reefs. Of the surveyed sites, most damage was found at the
shallow 1Ul and NR forereef sites and at the NR riaf site. At some of the other sites coral

cover has actually increased relative to the previous year. At tHe $\lR coral cover was

reduced by some 10%, that comprise a 22% decrease relative todheower in 2019. At the

IUI-5 site some 2% were lost (comprising a 12% reduction) and at thitategfe 5% of the

cover was lost (a 20% reduction). Coral cover at the monitored forereef sites was reduced by an
average 1.5% that embody a reductios@he 6% relative to the previous year. Permanent
photosites also demonstrate this differential damage pattern and théivptsitosite is that of

the IUI. Overall it seems that the damage is less dramatic than first perceived and it is likely that
the reefs of Eilat will manage to recover naturally. At most sites coral cover is still significantly
higher than it was in the initial years of the monitoring program.

Size of stony coral colonié¢sThe characteristic size of coral colonies varies betweeritoned

sites. At the IUI site the fraction of small colonies is largest whereas at the shallow NR site it is
smallest and large and huge colonies are more common there than at other sites. Over the years,
decrease in the fraction of small colonies antharease in that of medium and large colonies is
documentedDuring the interval 2002012 the number of small coral colonies in Eilat decreased,
but this trend has slowed in the last few years and colony density fluctuates. This year coral
density was snilar to that measured in the previous year.

Live Tissue Index (LTI) in stony coraisThe LTI presents the average percentage of live tissue in
living stony corals and is considered an indirect indicator for coral h&dléaveragesalueof

this indexfor all sites is decreasing throughout the monitored period, but the creregesall It

seems likely that the decrease in average LTI in Eilat stems, at least in part, from better coral
survival and so from Aagingo of corals that
Coral diversityi The ShanotWiener diversity index used for estimating coral diversity at the

reefs of Eilatdisplays small, indeterminate, fluctuations between years. Coral diversity at shallow
sites is generally lower than at deeper sites. These @igdire corroborated by rarefaction curves
and the expected number of coral taxa per 1,500 random individuals, though changes in all metric
are small.

The coral reserve lagodiiEnvironmental coditions at the lagoon are harsh andtss dominated

by asmallnumber of coral taxand coral diversity is lowl'he dominant coral at the nature

reserve lagoon isoral Stylophora pistillatacomprising some 40% of all colonies at the lagoon).
Between the summers of 2009 and 2010 there was a large drop idexwsiy at the lagoon, and
especially in that of the dominant coral, as a result of several strong storms. In recent years an
increase was measured but since 2017coral density at the lagoon is once more slowly declining.
Coral settlement in the reethroughout the monitored period, more coral settlers are found at the
nature reserve (NR) site than at tbé, and they also seem to grow better. AtKhGZA site,

monitored for the second year coral settlement seems to resemble the NR more than thepit, but

growth over the season is less regilanplying, perhaps, that settler survivorship is less successful.

Sea urchin$ Of the invertebrates, sea urchins are the most important group of reef grazkérs

this group Diadema setosuis the most almdantspeciesn Eilat. Its density fluctuates from year

to year and dictates the density of the entire urchin popul&@aurchin density is declining

since 2016

CoastalEnvirons

8. Nutrient concentrations in coastal watérSoncentration®f nutrientsarecommonlyhigh during

winter and very low during summer. The process that dicthése dynamics the seasonal
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mixing driven by cooling of the sea surface in wintghich brings nutrientrich deep waters to

the shallow coastal aredsigh concentrations relative to open sea values were measured for
ammonium, phosphate and chloropkgylparticularly at the northern coastal sampling sites and
particularly during the summer. The high values measured this year were not extraordinary, when
compared to outstanding values of previous years, but they do indicate local variations and inputs
along the coast of Eilat.

9. In addition to the outstandirgpastalvalues mentioned aboyvkigh concentrations of silicate were
measured thi sFaremsso astamphlei mMg-issiht e in June an
November and December silicate concentration was much lower at all sampling stations,
indicating a bloom of siliceous algae, particularly Diatoms.

10. Benthic foraminifera At someof the softsediment seafloor sampling stations at the northern
beach, across from the Kinet channel outlet, some deformed benthic foraminifera were found. We
do not know the cause of the morphological deformation of these individuals but they may
indicate some kindf contamination (by analogy to the occurrence of deformed sea urchins that
were observed in the past in contaminated waters). In recent yearsdakgénfrastructure works
were conducted at the Kinet channel and sediments dug from its path werédgoitetha outlet.

These may have leaked contaminants into the sea and the southern storm of March 2020 may ha
transported contaminated sediments to the sea. Deformed benthic foraminifera were observed thi
year for the first time but attention should vawln if deformed live foraminifera will be sampled
again next year.

11.Seagrass This year seagrass surveys were conducted for the first time in winter (late January) in
addition to the regular summer surveys. In between, the storm of March 2020 ocdngedves
do not yet have a Awinterod seagrass timeser
effect of the storm. Differences between the seasonal surveys were small for the north beach and
more pronounced for the south beach sampling sitgeviine lush seagrass meadow that was
encountered in the winter all but disappeared by summer. The seagrass meadows that were
surveyed in both sites in summer were relatively poor when compared to the previous years.

12.Sea turtle§ Following numerous sightgs of sea turtles coming on shore to nest at the [UI
Underwater Observatory beach, from December 2019 and into the first months of 2020, the first
turtle hatchling broke out at the IUIl beach in January and was followed by several more hatching
events. Tks is a rare occurrence in Eilat since viable beaches for nesting are scarce along the
coast. The stretch of beach between the IUI and the Underwater Observatory is the only
undisturbed sandy beach in Eilat and the only one in which hatchlings can qut@ed the
controlled lighting helps them find their way to sea. The southern storm in March destroyed the
nests that were unhatched at the time

The deep water column

13. Vertical mixingi Because of the corona pandemic, monthly cruises were not conduieadch
and April 2020 and so there is no measurement of the maximal extent of seasonal mixing of the
water column that is usually attained during March. The data we do have allows us to estimate
that vertical mixing reached around 400 meters, a medepth mixing and somewhat less than
the previous year. This is the eighth year (since 2012) in which waters deeper than 500 meters ar:
discontented from the sea surface.

14.Concentrations of oxygen and nutrients in the deep wiafBng water column was mixed an
intermediate depth and the deep waters continued to accumulate nutrients and to be depleted of
oxygen, although at a slow rate. Eight years after the last deep mixing event, nutrient and oxygen
concentrations in deep water are at the levels of 2iftre the deep mixing of 2012 and only
three years after the previous deep mixing (2008). These are still much lower compared to the
values measured in the initial years of monitoring.

15. Chlorophylta concentration$ Concentrations ofhlorophylta in theupper water column
measured this year are characteristic of years in which water column mixing is not deep. In recent
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yearschlorophylta concentrations that are higher than predicted by the depth of vertical mixing
were sometimes measured and sometinaen &1 summer. It seems that in the past few years high
chlorophyllconcentrations are not driven only by vertical mixing, and perhaps a trend of rising
chlorophyllconcentrations in Eilat is beginning to show.

16.Primary productivityi The pattern of primargroductivity was similar to the past few years,
without outstanding values. However, looking at the average productivity during summer, when

fluctuations are usually small, it may by possible to discern a rising trend that is not yet significant
but still noteworthy.

Supplementary continuous measurements

17.Severe southern storimA severe southern storm hit the shores of Eilat in March this year. It was
the strongest st oyeanreemm and peenaphl thiePstrangedt redortdexd enrilat.
Strongwinds blew for more than a day and high waves pounded the shores causing severe dama
to shallow habitats and coastal areas, and destroyingmade infrastructure. The damage
assessment is the largest recorded in the past few decades. The top wimdcgpded at the 1UlI
reached 29.5 meters per second (~ 57 knots) around midday on March 13, 2020.

18. Sea surfacehlorophylta next to Eilat's coral re€fiaily measurement) Chlorophylla
concentrationfluctuate sharply and frequently and this year fluctuations were more pronounced
than usual and the seasonal pattern less clear. Nevertheless, most measurements did not exceec
previously measured values and the rising trend that is, perhaps, indictedrarithly deep sea
and coastal timseries are not apparent in this dataset.

19. Sea surface temperatures next to Eilat's coral(dedy measurement) The annual average sea
surface temperature measured this year was among the highest recorded inthimtypgsars. A
short and very steep peak was recorded in June and then, during most of the summer SST was
higher than the mulyear average and the 90% percentile for the season. A trend of rising SST in
Eilatdos cor al b e a c s dooumented ih thietimepserses. t hi rty ye

20. Meteorology(continuous measuremeiitOf the continuous meteorological measurements
conducted by the NMP over the past 15 years the severe southern storm of March (see item 17
above) and t his vy e aarensteworthya KinirSBabSST vakeies svera senitae n t
to those measured in recent years, but the highest value measured this yéar) (3at8e highest
measured by the NMP and nearly a full degr e
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Multi -annual variations and trends

The coral reefs of Eilat

1. Live stony coral cover Live coral cover is the most significant metric reflecting the state of the
reef, and significant variations in the live coral cover between sites and interannual changes have
been reorded.

During the initial years of monitoring (2088) average coral cover in Eilat was-20%. In the

interval 200712 average cover increased and fluctuated in the rang230% and in 2013 the
highest average cover was recorded: 26.4%. Sincettieeayerage coral cover at Eilat ranges
between 24.0% and 25.3%. The coral reefs of Eilat were hit hard by a severe southern storm in
March 2020. The storm mostly affected shallow reef sites in Eilat and its impact was not uniform
among the sites monitordxy theNMP. The reef flat at the coral beach nature reserve as well as
forereef siteNR-5 andIUI-5 were most damaged. The siteXATZA and the deeper sites at the

IUI were hardly affected and at some coral cover actually increased relative to tbayear.
Average coral cover at the monitored forereef sitesaBadd3.6% this year and the average loss

of cover was ~6% relative to the previous year. At theftagsite the fraction of cover lost was
greater, some 20%. Live coral cover at most monitored sites is still significantly higher than it was
at the initial years of monitoring.

2. Stony coral density and sifeAverage coral density between all monitored sia$es from year
to year, although annual changes are small. Coral density increased gradually between 2010 and
2017 and declined somewhat in recent years, but it is higher than that of the initial years of
monitoring. Throughout the monitored period they also a gradual increase in the fraction of
medium and large coral colonies, indicating improved coral survival over time. Colony density
was less affected by the storm than the live coral cover.

3. Live tissue index in stony cordlsThis index is decresang since 2012, albeit at a slow rate. It is
possible that the decrease in the average percentage of live tissue in living coral colonies reflects
the growth and improved survival of coral colonies that are thus more exposed to partial mortality.

4. Diversity T Stony coraliversity in Eilat's reefs, as well as the coral community compaosition
change only slightly from year to year, indicating a stable community structure.

Among reef dwellers other than corals, surveys in recent years record the preseséeistdrs
(Astroboa nudpand Yellowspotted sea cucumber previously unreported in Eilat, as well as
frequent sightings of fish that were thought to be rare. In recent years there is also an increase in
the number of sea urchins other than the domiBasetosum

5. Sea urching The most important group of reef grazers are the sea urchins and the dominant sea
urchin in Eilat isDiadema setosunThe density oD. setosuniluctuates from year to year and
dictates the abundance of sea urchins at the modisitess. Since 2016 a gradual decline in sea
urchin abundance is observed.

Coastal Environs

6. Nutrient concentrations in coastal watéfdutrient concentrations are usually higher during
winter than they are during summer months, due to water column ntitdhfrings nutrient rich
waters from depth. Conversely, abnormal concentrations at particular sampling stations are found
mostly in stratifiedsummemonths. Abnormally high concentrations, indicating local nutrient
enrichment, were common until 2007 dsetame less so in later yeddawever abnormally
high concentrations of nutrients, particularly at the northern samplingnstadre again
occasionally recordeith recent years.

7. Benthic foraminifera in soft sediment at the former locatioagefaculture cagésThe benthic
foraminifera community beneath the former aquaculture cages at the northern shore of Eilat
displays gradual recovery since 2008 (Oebml, 2014). A series of floods covered the sea floor
at the site with terrigenous clagdiments during the winter of 2013 and decimated the local
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foraminifera community. Recovery following the floods wasisiderablymore rapid than the
recovery from the impact of aquaculture cagescating a healthy habitathis year a number of
morphologically deformed individuals were discovered and may indicate an ongoing
contamination of the sediments at the site.

The deep sea water column

8. Concentrations of dissolved oxygen and nutriéntsie Gulf's ecology, particularly the annual
dynamics of ésolved oxygen and nutrients and their availability to phytoplankton, is controlled
by seasonal mixing of the water column. The raifthual dynamics are controlled by the depth
and duration of mixing, and the concentratiémutrients in the deep waters
This is the eighth year in which waters deeper than 500 meters are not mixed with surface waters
Therefore, nutrient concentrations continued to rise, and oxygen concentrations to drop in the dee
waters and are now similar to those measured rightédéfierdeep mixing of 2012. Nevertheless,
the rate of change seems to be slower than that of the previousammual cycle.

9. Water temperaturée The temperature measured in the deep water was at a low in the years 2007
2008 due to deep mixing and has batwwly rising since. Despite deep mixing in 2012 a drop in
the temperature was not noted at depths greater than 500 meters. Thus, the documented trend of
rising deepseawater temperatures continues.
A correspondingrend ofrise in sa surface temperats in Eilatis documented since 1988
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Figure D2 (p.28): Changes in water temperagut Station A since 2004.

Figure D3 £.129): Changes in deep sea temperatures at Station A since 2000. Top, Water tempedepte &0 to 700
meter$; bottom water temperature trends at the sea surface and atd&jfimat Station A.

Figure D4(p.13 N Salinity profiles measured using a CTD during the monthly monitoring cruises.

Figure [b (p.13 X Changes in salinity at Station A since 2004.

Figure D6 (p.B2): Dissolved oxygen concentration profiles measured during the monthly monitoring cruises.

Figure D7 (p.133): Changes in concentrations of dissolved oxygen in the water column at Station A since 2004.

Figure D8 (p.B4): Changes in the dissolved oxygen inventory in the water column at Station A since 2004.

Figure D9 (p.B5): Changes in dissolved oxygen concentrations in 400m to 700m water depth at Station A, since 2000.

Figure D10 (p.36): Depth profiles of pH valuesieasured during the monthly monitoring cruises.

Figure DL {p.136): Changes in pH in the water column at Station A since November 2006.

Figure D2 (p.137): Alkalinity profiles measured during the monthly monitoring cruises.

Figure DL 3p.138): Changes in alkalinity in the water column at Station A since 2004.

Figure DL 4p.139): Nitrite (NOy) concentration profiles measured during the monthly monitoring cruises.

Figure DL §p.14 D Nitrate (NQ) concentration profiles measured during tm@nthly monitoring cruises.

Figure DL §p.14 ) Changes in the concentration of total oxidized nitrogen (FQ:+NOy) in the water column at Station
A since 2004.

Figure D17 (p.4 ) Changes in the nitrate (NDinventory in the water column at Statiérsince 2004

Figure D18 (p.42): Changes in nitrate concentration water depth of 400m to 700m at Station A since 2000.

Figure DL p.143): Phosphate (P£J) concentration profiles measured during the monthly monitoring cruises.

Figure DD (p.144): Changes in the concentration of phosphate in the water column at Station A since 2004.

Figure D21 (p.44): Changes in the phosphate inventory in the water column at Station A since 2004.

Figure D22 (p.45): Silicate (Si(OH)) concentration profiles measured during the monthly monitoring cruises.

Figure D23 (p.46): Changes in the concentration of silicate in the water column at Station A since 2004.

Figure D24 (p.46): Changes in the silica inventory in the water colum@tation A since 2004.

Figure D25 (p.47): Changes in silicate concentration water depth of 400m to 700m at Station A since 2000.

Figure D3 (p.148): Particulate organic carbon (POC) concentration profiles measured during the monthly monitoring cruises.

Figure D2 {p.148): Changes in the concentration of particulate carbon in the water column at Station A since 2011.

Figure 28 (p.149): Fluorescence profiles measured using a CTD during the monthly monitoring cruises.

Figure 29 (p.15 R Chlorophylta concentration profiles measured during the monthly monitoring cruises.

Figure CBO (p.15 X Changes in the concentration of chloroplayih the water column at Station A since 2004.

Figure DA (p.15 X Concentrations of chlorophydl at Station A at the surface and at water depths of 40 and 100 meters since
2000.

Figure B2 (p.152): Structure of the water column and the development of deep mixing as reflected in profiles-iesthort
indicator, fluorescence and longéred indictas temperature and nitrate in the water column in JarMdanry There
were no cruises in March and April this year.

Figure B8 3p.154): Monthly phytoplankton concentrations of prokaryot8griechococcusndProchlorococcuy and pice
eukaryotes in the water column at Station A.

Figure 84 (p.155): Monthly integrated phytoplankton abundances in the upper 250 meters for proka®yoteshipcoccus
andProchlorococcusand piceeukaryotes at Station A, and their relative abundance since February 2012.

Figure 85 (p.156): Monthly phytoplankton concentrations of heterorophic bacteria in the water column at Station A this year;
right, time seriesfintegrated bacteriaoncentrations (to 700 meters depth) since 2013.

Figure 86 (p.158): Monthly primary productivity and Ckd concentrations at the upper water column.

Figure 087 (p.159): Integrated values of primary productivity in the upper 100m of the water cohased on the
productivity profiles presented in Figure8&

Figure B8 (p.16 D Topi integrated values of primary productivity in the upper 100m of the water column since 2010, based
on the productivity profiles measured once each month. Bdttbenaveage annual productivity based on NMP
measurements.

Figure (89 (p.16 X Primary productivity in the upper 100m of the water column since 2010 (tomhémaphylla
concentrations in the same water samples (bottom) from the monthly productivity meassiremen
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Figure D40 (p.62): Primary productivity in the upper 100m of the water column since 2010.

Figure D41 (p.62): Average daily primary productivity in the upper 100m of the water column for the mauiths
Septembersince 2010.

Figure D42 (p.163): A double plankton net ("Bongo") towed from the boat in deep waters.

Figure D8 (p.164): Monthly zooplankton concentrations at the upper 100m of the deep seaall@ooplankton, bottori
divided to size fractions filtered on 1000, 500 and 200 um filters.

Figure D44 (p.165): Zooplankton concentrations at the upper 100m of the deep sea since 2011

Figure E1 (p.66): Chlorophylla concentrations sampled daily at the Underwater Observatory j@82®(red line) and the
long-term average (1988019, green line).

Figure E2 (p.&7): Chlorophylla concentrations at the sea surface, sampled daily at the Underwater Observatory jetty since
2004.

Figure E3 (p.88): Daily sea surface temperatures measured from the Underwater Observatory jetty d@ifrg0ie), the
average SST for 1983018 (green line).

Figure E4 (p.69): Topi Daily sea surface temperatures measured from the Underwater Observatory jetty since 2004. Linear
regression represents the long term trend of rising S¥E 1988data coutesy of Prof. Amatzia Genin). Bottoim
Annual average SST.

Figure E5 (p.Z0): The meteorological station at the end of the 1UI pier.

Figure E6 (p.I2): Marchl 2 0 2ab exceptionally strong southern storm hit the shores of Eilat causing considianablye
to shallow habitats and neahnore infrastructure. In the days following the storm 1sbare seawater was loaded with
suspended material and later on extensive benthic algae blooms occurred along the coast.

Figure E7 (p.I3): Top- Maximum daily wird speed (m/sec). Middiéaximum daily wind speed and direction since January
2007.Bottomoccur rences of southern storms during the monit
marked.

Figure E8 (p.I5): Maximum and minimum (red and bluespectively) daily air temperature above the sea.

Figure B (p.175): Maximum daily global radiation (top), ultraviolet radiation (middle) and photosynthetically available
radiation (bottom).

Figure E10 (p.I7): Maximum and minimum (red and blue, resjpeay) daily values of relative humidity over the sea.

Figure EL Xp.177): Maximum and minimum (red and blue, respectively) daily water temperature at ~2m depth.

Figure EL 4p.178): Maximum and minimum (red and blue, respectively) dailylsgal measunments.

Figure E13 (p.&0): Weekly dust concentrations in the air above the sea. Dust is measured on filters through which air is
continuously pumped.

Figure G1 (p.83): Study sites of water sampling (surface water and water column). Station B (not shtaeajed 10 km
south of Station A.
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Figure A2: Time series of the Nitrate concentrations at 700 meters depth in Station A showing the three tested
time intervals of near-steady statefollowing deep vertical mixing (red rectangles and Table A2). Immediately
following deep mixing nutrient concentrations change rapidly and after approximately 4 years an apparent
steady state is achieved. The middle period starts only three years after gamixing.
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Period Dates Temp. Oxygen Nitrate Phosphate Silicate
(C) (LM) (LM) (nM) (LM)
1 22/2/0415/1/07 | 29 97 (+0.061) | 161.05(+3.0) | 6.66(:0.32) | 0.3 (+0.08) | 3.51 (+0.4)
2 17/11¥8/2112 | 21 04 (+0.01p | 170.2 (+2.4) | 5.61(x0.18 | 0.31 (+0.02) | 3.16 (x0.1)
3 18/1/1613/1212 0 | 51 15(+0.08) | 171.15(#3.0) | 5.68(x0.27) | 0.33(x0.08) | 3.26 (+0.2)
Kruskal_wallls Pvalue *kkk *kkk *kkk *kkk *kkk
.DwassSteelChnt.ch.Iovv- a,b,c a,b,c a,b,c a,b,c a,b,c
Fligner post hoc paiwise test
1ox o ox o ox steady"statéu KX S L X X s X T Y ISE 4 4. {1 X T s X x| Xgls
Kruskal- 1 ~ % T x x ols T s xx 4D s 710 Qe X OGS Sk R BE 1S IxL ] 1
Dwass “-*;sx, 1 x ¢ x¢+xL1X§ P%OG?OLY1*$I*§*X*~)X‘1"1XWé‘1l|s A
) -ox X >($S>“~XVNXL\_,"~ LI Xss ”\1A -~ SteelChritchlaw iFlignen) -
R ~xL~ DY Y K4 ]S s X (PL00Y S T x . X s x (abG 115
X, v L X « X

~

Table A2: The three time-intervals in which nutrient and dissolved oxygen concentratlons reached a near
steady state after deep vertical mixing of the water column, and thevarage concentrations(N standard
deviation) at 700 meters deptHor each interval. Statistical significance of the difference between intervals in
an aparametric Kruskal -Wallis test are shown, where **** denotes P<0.00001. The bottom row lists the
periods that differed one from another in a posthoc DwassSteelChritchlow -Fligner test between pairs of
intervals. Three different letters (a,b,c) indicate that each period differed significantly (P<0.05) from each of
the other two periods. *This period startsthree years after deep mixing, rather than four.
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Figure A3: Changes in temperature and the concentrations of oxygen, nitrate, phosphate and silica at 700
meters depth in Station A during the three examined time intervals (that bean 4 years after deep mixing, see
Table A2).
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200810 201214
Regression slopq Standard error | Regression slope| Standard error

Oxygen -8.516 2.85 -7.76 2.78

NOs 0.803 0.224 0.616 0273

POy 0.288 0.131 0.194 0.126

SiOy 0.0465 0.0242 0.0316 0.0211
FA7 s 700 o x(U's, 40 T o Ss T v 417 A4 x s x [ s {4
Cx 14, 52(1422!)&4 X”4¥S'”52X01€289119j&“13" s4, Y .S 1 X X . 1

s L ¢ x | 4. -|x"-| = s X 1 s x4 74 _ss"x-|ss_.,-§-|$ *

-

Table A3: The slopes of Ilnear regression (and standard errors) between concentrations and time at Togters
depth for two three-year time intervals following deep mixing (deeper than 800m). The regression slopes for
the interval 200810 are steeper than those of the interval 20124, meaning that oxygen concentrations

dropped and nutrient concentrationsrose faster during the first time-interval. Slope units are the change in
concentration per year.
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Figure A4: Rates of change in dissolved oxygen and the three main nutrients (nitrate, phosphatedamllcéte)
at 700 meters depth in the three years following deep mixing of the water column, in the two examined time

intervals. The rate of change is the slope of the plotted regression lines. The rates of nutrient accumulation
and oxygen depletion werdaster during the first interval.
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Figure A5: Time series of averagehlorophyll-a concentrations in the upper 60 meters of the water column in
Station A, since 2004.
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Small coral§#/100m] -1.98 0.47 F F
LTI[%] -0.3 0.71 *FFF
Urchin densityj#/m?] -0.1 0.65 FFF
Lagooncorals[#/m?] -0.13 0.63 FFF
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Table A4: Linear regression coefitients and their significance of the main variables measured in Eilat's coral
reefs. The regression was calculated for annual averages versus time (in years), so that regression coefficients
represent the rate of annual change for each variable. Variablagith a statistically significant regression are
highlighted in red.

P values are indicated as follows: **** p<0.0001, *** p<0.001, ** p<0.01, * p<0.05, N&ot significant.
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Table A5: Summary of trends concerning the state of the system at the northern end of the Gulf of Eilat.
Chemical variables reflect a comparison between twogear periods, 200810 and 201214, in the rate at which
the concentrations in deep waters changaver the period (see Table A3))= improvement, Z=deterioration, -
= no trend.
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Figure B1: An aerial photo of the northwestern shore of the gulfsovuth of Eilat, !
showing the coral reef sampling sites. The yellow lines represent sampling sites at

the IUI (1), the Nature Reserve (2) and the oil terminal (3). Black scale line is 100
m.

spread over the reef and the divers record the projeed length of all the organisms «m
and substrate underneath the lineransect to a resolution of 1 cm. Photo: N. Segev.,__faqi.x

32



Yy X L « S { X 1 1 {4 ¢ x 7« xllv
X

L X 1s 1 x 1 A I I . .
ley X ¥y L .S X P 1Y v,_\s Zxxytv-| ,,,XH_-|ysx-|v'||_s\ s:vx“x,,
Loeox X X
14 (Y X X v ) T A L PCXIX wssosghanpon Wiener ! P 4 0 47
Colwell, 2009 Estimates = " | = 4! 4 1.  xfa [I("xs.
S U T TS S R S R IR I 1h’ftp><//V|céroyeebuconne’du%Estlm&teSJ1
s q . S I 1 Loxo X XX o IR I B 1~
{14 s I sLS %, X L] X Xxs s
n
H'=-ARGW(R) 1 s~ xx
1
1 Lloya1973 ~ > _* o4« 47 x s 1., <ShapnorkWierre: _ 5 xx*x y |
x Iox xs xXZ x x4y {4 1 ¢ F 1A Coa X x X o7 R L
-|"JVZAs '|"><Iv>< \Xxv <A-|“V =x.|I)A xLx>J ,,:~1.S 'XXA
r@refactioncurvgs s ~ 4 * . 1 x X X 2°0 0561 L' v 47 d, s T
1500, s~+4, % sq4x s r-CGIV\ﬂeIIEOSESIIrﬂIa?EeS i'\ﬂ:3x§>§1v=*
N
httg://www.spss. com/statlst):$ 6 SEBS* 1998 SPSSnc) Systatvg x " ] x © s oox o o X s
sqd . x "1 XXX s s 4 7 XANDVAX s XT d 4 X X s o N
, i x X X .« % {7 X, s . X XX D o X ] 1 A L (.
~L ,,x”As ;q"xi”s I F ='A|>< s
, X oL ’Z-|”x S =]va L Vx:xx.|~'|v SAXH x‘va>< S:E-|”,,X
T@oya, 2004 L o AX ) e 4 x o Tx b b s X X
FSse o rd A7 x oA b A s s XS e x A T s (2 A8 T 4 )
X v« ) 1T x s Zvl“x 1T x s ='||_x~ = q % F 4. 141" s o
S T Y H S H R SRR o)1 o Yy SR ERUN IR S O 3 I Y
T+ T HAX P8 v fi¥es Y H

33



Lox X X |_1Z\0(x-||_>\‘x1x

LX DY s A3 0 s A XS e k(4 s R TR sy e s o x ]

b7 S3B5N27 6% _ 171* <. Y X s, \5-NR)XZ pEHN X Ces Dax X s

NR) +d-1_ 5. o x x5 x 3ARAUOAENR) <X 7 s IS4 s
L X o X .OX s Dox X X s ) L,oLoX ] % ng_NB 0% 1 OXX(

1x:VxA|_ ’le,,s s,,xv~s Yo n _-|VZJ .|>x._ .L:,~A
xxoox oA, e ox e e w0 (L1 T xe s
x L ox 1y b
Pr1xq4 X so@1 A4 _x, b s, L SZLAJ'I’Y,|-1-F'LS\X|-1JY>‘S‘
S XXM XL L ox 4% A1s 4x _ 4ls 1.4 xX2020.5 sbx
Lo I x (s S
x 4. .x 24f49 5 90“@)3RB'46X%"~5 SHS kA, TS X s
( . . I X2 |\B7§ g t q . . s . 1. x27N37 -|2“Zv1><s x:,,“‘vx”ww <
50 -

Reef sites, 2020

45 - m Coral Cover [%)]
40 - m Coral Density [n/10m]
35 -

Average Density

Katza 10Katza20 NR5 NR10 NR20 [UI5 [UI10 IUI15

34



(Y N B
{ L
40- JQ .{ - ; ° °®
S | [N 1l .
B .OO lﬂ . L} T ° *
B L] 1. .o ® ]' J ¢ @
QO 2 — = P o -
.J ™ 0%, -5 2 ®
oo Lo ° 7. .
':|‘ ) i
100~
o ©
°
X o
°
75- 2 e o8 ce :
— e |® e g
“E - ° [ ] ° .
E g :. ¢ "‘ o
> 50 $ 1 r . o ° -
O - .. e . - -8 s
c % oo LD ° e, ®
(5] £ e °
D & l‘. .. 1 ¢ : e
25- J o co Ty -
. ]- el
L ]
Katza.10 Katza.20 NR.5 U5 110 WRE

, 520207 0 L ¥ IV 0y X s 4x {11s

5 T4 %3 (4444
e Y oA s o xes T x40 Ts e Y q AR

; N N L AR
S XY T Y A AR AT LD YU X 7B 0B X T X S
Figure B3: Top, the average livestony coral cover and colonydensity (counts in a 1@meter-long transect)at
each site, in 2020Bottom, box-plot of the stony coral cover and density (per 1) at each site: enter lines show

the medians; box limits indicate the 25th and 75th percentiles determined by R softwarkgrge black dots
represent ste means.

(23

A Ao x by g4 s o x b {ys {0 X s 7 x s

Lo . Fedod

oo X4 ) X 4L s v Y X e 4 dx 0 x4 8
POXXK L D BNR S F e DX KX K4 EX ] w X o xS LXIXNRS X St
LS X e d s x T X ] o e A L REXS 8T X st sX T S8 X ]
R TR SN s BN I DRSS B e o4

35



Cumulative Cover 2020

80%-I I I I I I

m Dead Corals

60% -
m Rock
40% - Loose Substrate
m Octocorals
20% -
m Stony Corals
0% -
£ £ 77 77 77 e Ny, U,
19[391091’?920’?5 ’?Jo '?20 /5 /10 /1$
1,008 + 4 _ 11 _ v" 4 Ax _ 4s 48 x T psX Lo 44Xy
S T T o S ERS EE U S B BRI Y

PR X 1oX o4 X .
Figure B4: Cumulative percent cover of live corals, sand, rock and dead corals. At sites where cover does not
add up to 100% the balance comprises algae and invertebrates such as sea anemones, clams or sponges. The
presented percent covers an average of all transects at each site.
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Ll 7 1. 54 s {xs 1 ds " e A X {7 x XX s =
4y X e 4x {1 23RB4"6 96 THIXCWXs ST X0 XD {{utxx X s T s
TX LS Lt Xx o sL.x s 4L D x5 s L2 4RA9 B %S s
S v bdex s Tx ] os 4, X x bxl s oo (X L f p X
) ) FAY X e s 4 x
X L ix 4 200U 9N H %t s LA e T sy
L. S Tx Do s oy st s x| x4 4 b DX 08,4451 2>0:113
FAY X e s A AR A T X T s D x4 D x
1-.20%137 _ C v 8Os "I, wpnon 10 F24% _ sxEY 4w 5] D044 s %
I T k1"X209®1£Hf~§~:~““1H|~~
x4 X X Y x 209 T4 41 xs 4 x40 1) s
R=062 . _ s _+~:6.38%,s7?2008x 11 7
Y o4 4 A T T T X X o x Ay Hs DR T, sl X e T X
S 14F“ﬁ+&+5v1"x L XA ST R AN s s M
1x 41> T H4A1TENRT, s« ¥ XL:l)I A I CTE T RN ,4'"1_‘<‘L>jx
. %X 14" s CX )

37



70 4 .
Stony Coral Cover [%0] Eilat Average
—Katza 10 35 4
50 e Katza 20
——Eilat Average

S e HHHHE

60 -

30 -

15 -
20 -

10 - y = 0.3454x + 20.034

2 =
10 4 5 R2 = 0.6249
o T ) B € B e B e e e
PO LD DD O D DD DO LD DO D FPFSL PR DD L PP DD
TS LTSS S S S FEFFTFTFT TSP F TS
70 4 «—=—=NR5 0 70 4 0
nr1o  Stony Coral Cover [%] Stony Coral Cover [%]
60 ——NR 20 60 1 ——|UI 5
50 | —Eilat Average 50 - IUI'10
Ul 15

40 40 - ——Eilat Average
30 - 30 -

20 - zo—m
T~ T ¥
Wil 3 o T e |0 A 2 *

0 — T 0
P I P PO O DD DO PO LD DO D
PP F LIPS
A7 AT AT AT DA >

T s b FATKAL S TN o) AL v BRI AKX X L T, x4 s
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Figure B8: Utilization of rocky substrate by stony corals (rcent of live stony coral coverage out of the total
consolidated substrate at each sij@and the average of all forereef sites
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Katzal0 Katza20 NR5 NR10 NR20 IUI5 1UI10 U115 | IUl  Katza NR | Eilat
Number of Transects 13 13 17 28 13 17 18 17 52 26 58 136
Stony coral 31.3 28.3 357 95 344 167 153 158 | 159 253 228 | 234
stdev 9.2 9.1 106 53 103 67 5.1 5.9 5.8 8.4 15.3 10.1
SE 2.5 1.8 2.6 1.0 2.9 1.6 1.2 14 | 08 2.3 2.0 3.6
cv 0.3 0.3 0.3 0.6 0.3 0.4 0.3 04 | 04 0.3 0.7 2.3
Octocoral 3.0 7.4 0.2 1.6 4.1 0.2 0.5 12 | 06 5.2 1.7 2.3
stdev 2.6 5.0 0.3 1.8 3.0 0.3 0.6 11 | 09 45 2.3 2.5
SE 0.7 1.4 0.1 0.3 0.8 0.1 0.1 03 | 01 0.9 0.3 0.9
cv 0.9 0.7 15 11 0.7 1.7 1.2 0.9 1.4 0.9 13 0.9
GRV+Sand 35.3 26.0 168 736 358 284 513 650 | 483 306 485 | 415
stdev 14.1 12.7 139 146 120 136 80 116 | 187 140 288 19.9
SE 3.9 3.5 3.4 2.8 3.3 3.3 1.9 28 | 26 2.7 3.8 7.0
cv 0.4 0.5 0.8 0.2 0.3 0.5 0.2 02 | 04 0.5 0.6 2.1
Rock 26.4 27.0 202 107 16.9 476 281 143 | 299 267 149 | 239
stdev 10.0 11.8 8.9 9.3 73 109 70 63 | 159 107 9.6 11.5
SE 2.8 3.3 2.2 1.8 2.0 2.6 1.6 15 | 22 2.1 1.3 4.1
cv 0.4 0.4 0.4 0.9 0.4 0.2 0.2 04 | 05 0.4 0.6 2.1
Dead Coral 8.1 6.9 264 30 8.1 6.6 4.6 31 | 48 7.5 11.0 8.4
stdev 5.7 2.6 115 26 4.8 3.6 3.2 27 | 34 4.4 12.2 7.6
SE 1.6 0.7 2.8 0.5 13 0.9 0.8 07 | 05 0.9 1.6 2.7
cv 0.7 0.4 0.4 0.9 0.6 0.5 0.7 09 | 07 0.6 11 1.1
Norm. cover 40.1 427 434 391 535 237 316 472 | 341 414 436 | 402
stdev 9.8 9.5 108 104 9.2 9.1 102 124 | 143 96 11.6 9.2
SE 2.7 2.6 2.6 2.0 2.6 2.2 2.4 30 | 20 1.9 15 3.2
cv 0.2 0.2 0.2 0.3 0.2 0.4 0.3 03 | 04 0.2 0.3 4.4
Density 33.8 40.3 300 105 387 304 256 201 | 253 37.0 225 | 287
stdev 12.5 9.5 7.5 5.7 9.2 9.0 6.0 76 | 85 114 140 9.9
SE 3.5 2.6 1.8 11 2.5 2.2 1.4 18 | 1.2 2.2 18 3.5
cv 0.4 0.2 0.3 0.5 0.2 0.3 0.2 04 | 03 0.3 0.6 2.9
Norm. Density 53.2 55.3 370 443 610 431 533 603 | 523 543 459 | 509
Stdev 15.4 9.5 9.5 16.1 89 119 132 175 | 1568 126 156 8.6
SE 4.3 2.6 2.3 3.0 2.5 2.9 3.1 4.2 2.2 2.5 2.0 3.0
cv 0.3 0.2 0.3 0.4 0.1 0.3 0.2 03 | 03 0.2 0.3 5.9
FAd xS r A Ox T R TR e 45X sy X X 8k ]S STTE xRy N T
" L d - Coaixx moxmoshox O X OTsE S { @4 X X L Xx L4 ) .
.S . R o N B T e e S A R o b ATV BN I B
Table B2: Summary of cover data collected in line transects at the monitoring sites. Data is given as average
percent cover measured in altransects at each site (combination of location and depth) with associated
standard deviation, standard error and variance coefficienf except for the "Eilat average" that is the
average betweensitePensi ty is the number oNorcmdloina edo iins af dlrQ

substrate.
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Figure B10: Size frequency distribution of coral colonies in the sweyed sites. Size classes are: Small<5 cm;

5 cm <Medium< 15 cm; 15 cm <Large< 30 cm; Huge>30 cm. Values are percent of the total colonies of each

coral type at each site. Top size frequency distribution of counted coral colonies; bottorii the coral size

frequency distribution after correction of the bias of size counts in line transects (Zvuloni et al., 2008).
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Figure B12: The Live Tissue Index (LTI) for corals in the surveyed sites. The LTI is the site average of the
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Figure B13: Changes inthe state ofcoral coloniesover time according to the averaggercentageof living
coral tissue(LTI) from all sites over themonitored period.
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Figure B16: The ShanonWiener diversity index of coral taxa estimated for each site over time by the
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Figure B17: Rarefaction curves of taxa richness based on colony counts, calculated with the EstimateS
software (Colwell, 2005 http://viceroy.eeb.uconn.edu/Estimateyfor each site
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Figure B18: Rarefaction curves of taxa richness based on colony counts, calculated with the EstimateS
software (Colwell, 2005; http://viceroy.eeb.uconn.edu/Estima}é$ the fiEilat Reefso since 2004.

49


http://viceroy.eeb.uconn.edu/EstimateS
http://viceroy.eeb.uconn.edu/EstimateS
http://viceroy.eeb.uconn.edu/EstimateS
http://viceroy.eeb.uconn.edu/EstimateS

07 Expected number of taxa p&600individuals

45 -

40 -

Number of Taxa
w
(3]

30 +

=¢==0bserved Taxa

25 4
—95% Cl
20 T T T T T T T T T T T T T T T T 1
0050057005005 005 005 07507 07 5075707 7075025707 502607602,
Px X 20047 x % " 044500 ¥4 x XX Y xXs x4 x18 sepfY

~ a A v v

oS . X s
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Figure B2 OT he twenty most abundant coral taxa in theeefs of Eilat during the monitoring period,
arranged according to their abundance in 200. At the top are the ten most abundant corals and below are
the next ten. The fraction percent is the average accumulated length of a coral taxa out of the total dora
length measured in line transect surveys of the Eilat reefs.
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Averages Average

Katza Katza

10 20 NRS5 NR10 NR20 U5 [UI10 IUI15| Katza NR 1UI Eilat
Acropora 5.08 6.18 3.93 1.78 8.58 139 313 3.22 563 393 259 4.16
Montipora 385 508 098 0.91 6.70 043 0.72 098| 446 223 071 2.45
Stylophora 204 404 236 0.67 1.01 238 214 217 3.04 124 223 2.10
Echinopora 1.56 1.91 6.31 020 215 055 023 0.39 173 243 0.39 1.66
Lobophyllia 0.80 1.08 10.41 0 0.50 0 0.02 005| 094 316 0.02 1.61
Goniastrea 2.28 113 443 0.73 1.35 196 073 0.22 171 195 0.97 1.60
Cyphastrea 0.92 0.95 1.22 025 290 1.40 1.72 0.61 0.93 1.13 1.25 1.25
Dipsastraea 0.62 0.51 0.53 0.1 0.63 3.74 1.18 1.16| 057 069 201 1.15
Porites 0.93 178 073 078 3.21 0.26  0.43 1.06 1.35 131 0.58 1.15

Paramontastraea| 0.69 126 0.16 030 073 042 074 058| 098 036 0.58 0.61

Leptastrea 0.69 0.78 0.54 0.33 0.41 0.58 0.71 0.21 0.73 0.41 0.50 0.53
Turbinaria 0.55 0.58 0 0.49 0.31 0.35 0 0.69 0.57 0.31 0.34 0.37
Favites 0.37 0.38 0.12 0.18 0.97 0.48 0.28 0.13 0.37 0.34 0.30 0.36
Pavona 0.64 1.30 0.07 0.04 0.48 0 0.16 0.06 0.97 0.15 0.08 0.34
Psammocora 0.43 0.38 0.68 0.11 0.77 0 0.17 0.09 0.41 0.42 0.09 0.33
Platygyra 0.15 0.44 0.50 0.32 0.43 0.61 0.11 0 0.29 0.40 0.24 0.32
Gyrosmilia 0.04 0 0 0.12 0.06 0.06 0.32 1.71 0.02 0.07 0.69 0.29
Mycedium 1.35 0.22 0.40 0 0.22 0 0 0 0.78 0.17 0 0.27
Plesiastrea 0.20 0.58 0.09 0.02 0.15 0.51 0.22 0.27 0.39 0.07 0.33 0.25
Millepora 0 0 0.16 0.05 0.03 0.71 0.38 0.52 0 0.08 0.53 0.23
Lx 44T s L Dl e Ll s 1SR P AL M SISk K

Table B3: The twenty most abundant corals (% cover) in the monitored area and their average eer in each
site as a percent of the total transect lengtht each site.
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Figure B21: Cumulative percent cover of live corals, sand, rock and dead corals at the reef table. Values are
averages of line transect values.
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Live cover and colony density
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Figure B22: Percent cover of live corals and den5|ty of coralolonies on the reef table since 2007.
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Figure B23: The number of coral genera encountered at the Reef Flat monitoring surveys.
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Rank Reef Table Fore-Reef
1 Platygyra Acropora
2 Acropora Stylophora
3 Dipsastraea Montipora
4 Millepora Goniastrea
S Stylophora Dipsastraea
6 | Hydnophora Echinopora
7 Favites Cyphastrea
8 Echinopora Porites
9 Goniastrea Lobophyllia
10 | Acanthastrea Paramontastraea
11 | Cyphastrea Leptastrea
12 Montipora Turbinaria
13 Porites Gyrosmilia
14 Pocillopora Favites
15 Leptastrea Platygyra
16 | Echinophyllia Millepora
17 Agariciella Pavona
18 Leptoseris Pocillopora
19 Seriatopora Psammocora
20 Turbinaria Plesiastrea

1" x s I« 1., 0«

X X

.I

nox

S

TR xs L A(

Table B4: The most abundant stony corals (b)7 cover pércentage) at the reef table and the reef front sites.

56



L 1.« < x "X XL ox DX XX X e Dox o, 8
X oo g rx s 40w 0 A1 411 T x A . DX s 4]
L, Car ST X e X O Y K X, XX, DS e KV L T s
x 47 x X Y X e s DL X X0 X T LT A v s X s T sE XX
R T s B
x 1T ox (" A 4 A e )rs1 o0 r X s 4T 4]
Lo A L hoxoy X :XXNXV ly 7 Z1”Xxvs s {1 s s X“A (
=4 0% |--|-|”>VV5 |--|v-|-|S Lo D O :“-|X|v SJ”AS .o
. Zyulonietal, 2009 - x " xx X g I xyx X
Fd 414 4140 s Fo4ds 4T X o4 s, s S o X Pl
S o0 s ex o r Ay x e s DL XX T s ) 4T X sx s X
17 x 4.t L Y X X o s T X s x4 L X P LT Y
DX LY L FY xVJ ’:XY'I‘l\, Zx1x'|i>isx =X o4 . 1><\v
T x 1 %X s ToLox ] A N ST L XSy X ] s, xO6 ] o
11,411
,_.|.|>,,yx".|“x‘, F L X s x A\Vs yxvx Ll X s ’“Vxhs
Fd.ovs T 0 P, xs s o xxd iy s s o0 ] X
11 xc0c 41 4111, cx 4 e xs D ] . DX 4T x o T
S o e s e sT o e o XM ke e s T e DX
vxs L, x X4 os o ox 4 T 0 11 s s "1\12)0"1:F|_~Xxﬂ A
S I - . X 14" s R I s xv oS X : -|” x s {1 . 1« _
R T (N e A e xoy o FISJ":IX-I)u’ing-I T rwX«s s,
Fdd T s 4. . X 2,01X7x"1 e o 21 0T A, ] 11"" )L NN
X~ 44T 0 s As A s , L x1s o140 X s x T ]
1,7 0 xS ox T pddx. "X'I'I”s 1.5« '

~ 1

x |1 ” .o X ] X X o ¢ s X 4 s Zx])Q,OsZO.,,]_Igfxs{” Xs s (.9 ]

s x .1 x T s .9 s,,A1v,,9<¢_‘,_><-|L,_x.||“¥¢”>5+<s(,_4.|~.|V)sx><'|ssx1y|rx~-
J"XA F:x\ T T S e R - RPN T B
D47 ] ixs” xs, 1. 155,],_|_-|s" UXsx (s L X e ) kAo x by 4o
20201“2@19{“ ce L T s s v g1 T e s x
s 41 L. o~ _x o oiAgrTx son b0 g L, T T s
17 x s T s s X S HRIL A B X H Y d 4 x L

Lo X 424@%9 5 _x « sooxs Uox], 1 x 4 ]s ©x]¢x s

18NIQ 5%  _ ! x22N5 9% 1. . ~X<s {4y x o« 2 3N\B4%6 ! .
A 48 %E x4k o T ox 20 06 X T XSl s{ L 44y X, Arss 4x
1

~ o~

I x 1 , s F 1. 0 s s, 5 L . 1 x A S s . 5 :VI
L o]y X Lo~ 1 x 5-NR | x| I,,A>Gv“,,$2 ,,\s:”A \(st> 7 I-|‘:,”> X A|_5’.|N~\Rx s
SL,x s L, b b o 3 BRRTI6O8 X 4 Xk _{7YSX i sS4 BRBOUB). I1X
s , X ¥ ,,:xP<x+_s s ” L s\xx~sx . ovou X {1 s -|xv-|Js ]
x ¢ 3 4R0400-% .0 _ ) x38R23 B %Y . 4. . 4x . 41s S2XNR X .x X
“VXAX s ., x s PR ,s-|-| v L . S . S lQ%y))LsLSXZIxyL
L, x Yy 7 b xb s 4, Des x4 s E T FANR A XX AT A,
S N S B A RS PR I R RSP SUPIE LI PN R
L. O oy I x| ], ss Z=1x”Jxv~ss X, vt oxy s x4 s e L]
P S T T A I R S (R W S S AT L R RV I R S A A
Fde X o8 Mo X oY x 1 , X1 Fdwx s T S .S .
le“s SHNL S + X X s X F o]y X L - S

~ ~

57



X X X S LoX q . CF 1Y X L « S { x { ] X s " S x |1 ”

r”

, oo € : X L ok 1Y X L~ X w4, X s 41 s s « » S Il Lo
11s 4x _ 41% T1IGNRSGIEIN 44 45L& a4 20101 x4 % sxl|
St kA o X pq L x by
F o X x ., oS Fdox b, s . X oo~ x ¢ | x . X € S 1y q
i L >X”'|v'|“ s " SA'|Y>S i | =SX‘.J,,V”S S{Lmvr _I””“:_I‘_AXX |-XY'
X 7 X « , S ~ X 14" s x 7 X s 4 s .| X

Fds ToslUlerHe e Yy x 7000% - )4 » XX He cx b y( w01 - x x
: e 4,0« BNRY Lxllss s, x x9qg fI s | X 12 x71 4%

Fodos X ., . oo XA Lo x Iy « L-XT g X x L xxlxys") (Z,,XXAL'|X-|I”ys I 't
14 % s 7 q s ¢ woeo X Dox X X ST L o Xs  Ax T T Xe A "xxq{" {]X]s | IIX
Lx by b4 4TS p Yy x pes 4x 4 x D Tx 4 oX  Ixgxly Ix
S v X 1] S w.,S8" ss " ¢ ,,,:sx”.|x><,, s « Y " s € Yo , S L
_|xv” ,_-|yxv|_\ -|yxv =xxy(vx S S e _|xv”s s 4 7
s X & . % R s L q X 1 s s X s ¢ ] ] L LoX 1% .
1 : s " ox . s { L DR " PR I P R o N S R e
s ¢ . X s { s ox "X « . S . X 14" s Lox 7 x o] ("ZL
1x 4 1s P4, 4,85, %.,258605{%4¥]sx: 4s 1xX19%s > x" <.
fx 4 1sX sx Xy T4l 2B9p X" X 0% S p NS W Sk XX TS
. X " ox v . S » X 1 A
s " S :1sxx,,s|><s-|><s,,-|"’: = X x y L X . X 1Y S v X 1] F
2B x4 ) 44 1s T Xes 4y x o x4 ]
45 - . . . 0
10 Live Coral Cover in Eilat [%]
35
30 -
o5 | R=0.6249
20 -
15 4
10 - =4 Forereef
5 | == Reef Table
O PN D DO AN A A AN WD Ao AN WD O O
07 7 7 ' R° L7 S S SV S Y Y SV > N Y
A AP TS PSS S P A S S
=1L x R , L X 11X , (17 s . I« 1. 7« s " x25% o XX
F4T s T 4x o rx o xly Ixlx"Io I gU"xis §].x sLoId{Xx{Lxi9g”s
. s ¢ L x4y Lq % Lo X
Figure B25: The percertage of live coral coveratthéd Ei | at Reef sodo (the average o

reef sites), in blue, and the reefable site, inred. The fore-reef sites display a consistent growth in live cover
over the monitored period and the reeftable displays large fluctuationsreflecting the high sensitivity of this
habitat.

~ L A s XD XY X X D xSt ] (xs o Ll 20 @) 1.8 4,7 X

S e A IS N X R A O D
20187 . . _ X% s x| x " oS FdY X s oxoxox o DX

28 x4 ) s IxX_ " 41 s s oy
L s | % . X . X 14" s ST N [ ¢ ] . X = X = X +

~ ~ v ~ ~ >



SX
S ¢ x 7«

CPTTse x4 xo x4 x Iy s x .X

X

X " q .S LoxX X X S

1x 4
x

X X X

MX

Ix

s "

+\.
iy

Lx g8 s x4l 3]

1x 41s .. .1
1« Il s 1.

~

1x 145 414,

11

X g "

[n/m?2]

45 -
40 |
35
30
25
20
15
10

"Eilat" colony density by size fractions
(Sizebias corrected)

0 "

T T y T T T T T T T T T T T 1

900\9800;00;0090090 $075075075075075015075075075 02,

29 709 o g o™ g s e N> Ne g

—_—

—H

27 +
26 4
25 4
24 4
23 4
22 4
21 4
20 4
19
18

% cover

Cover vs. Density (size groups)

o

10 20 30

colonies/m2

27 4
26 4

XK
25 -
%92§
23 -
X
X

22 4
21 4
20 4
19
18

% cover

%

Cover vs. Density (size groups)

X x

2oz%§§<<
%

X

2020

T T T T T T 1

2 4 6 8 10 12
colonies/m2

XL
XH

) a

*
~

I-'I'I“vX"'Ixs X

- X1

. 7 s . X X (s
\X"“) Yo

4 4 K L AR) Y

~ A
S
. S

. 1, 126 XX A«
X 1% ¥ ¥ X s S)\Z Xt >x2-|"x>-|><“\~ X A

k!

P Y X TG)MERYEREN S0 RSB S
Figure B26: Top 1 Coral colony density by size groups (after correcting for sampling bias) during the
monitoring period, top. Middle 7 densityofal | cor al <col oni es and colsoni es
coral cover. Bottomi densityofc or al s the | arger size grou@sys: me
foral cover.

of

59



s . 1
T X 47 x x4 x X P e o
Pxqq
S I N T O S S ST A % | CE RS, R I A S R I A
s I x " Lol X X, 1*7 Cxlox o o” 1 * ,25’7 Lo X L )Z I's Xx.
e x « X {1 % 1 s X 1X o« B F Lo~ L X . X €] L I s €
e e e X T s i I X 1308 BES K H L ¥R
. i . Dox "X .S ” X , oo x boxe o ” 7 S F
x L, X X Ml 0w Ed o o X ” x ,o X ] Cxlox o O7 X
A N T AR T e 1. 7 F XL 4 .s Lol X
Ttxl s,y x 7 x obs o s, oAy A4l 44 0 Y X LS
A o x oA Ex b X xx % T XX ) X T X e ® 21004 X
Lox X X . L s ¢ x ¢ ,sAxX“s X% X . X S L~ S X x0T
v v gyx, 7 (r41-1- Py X S Lo~ _ S .4, S T
FAA X s 4y x o0 11 144 e xex v 4T e 4
, S X U Tarachangey ridYxx ] Lo« 11X w4 4x" 4 growthh O+ 1) FY M
~ L X Ay x e e d T x0T X e Y X S X)X XX S
. X o X8 T x L F o1 X X . I x (s s 7 s P S « X X
ce X g x s X o xS B T X p s L R A KX s x
S 1A YAl x(@Is, YT X ) T kY 4 x4l s 20307 x_ syd s
TALS20AB7RF ~Xx4+) s xo” ] Loxx o Ixloy"tLgxy
S U T S R L T O TER RTR E I 0 B S I M SV
(b rd e 0T X A f L N) TS JSwPs X P x4d X410 4 14l
I ] " x x XL 1. Dxlox " L X PoX Koy T kX X 4T ]
L L X | s 11 S L S « X X S XL X , o1 q s | X X s ., X
AT s T A Yy x pes 4 x4 ] Ox T X ] x T
I :XXNXV L s X X y s 4 L | X spixgl « X I“-|-|'|x.|l><v BT o
fob s L. 1x " 1] qente2kpE2000pixEls r H TSt T XTI I e XL
R X S R s 4
fo1wix T s T lx 0" s oxx s s T g gosp x40 i L owg ]
16X 1« 1 44 11411 Y X4 s oL s T Tk O] 17 xx
six is x4y s X SE . w4 DST 4SS SR T R X T4 4 X s X
T T T S e B S T
Py e b A Y o A e s s e T X KX K e VXD X, O

.(Error bars represent the standard error) - S

60



RN T VR D NEL TR b7 B
Figure B27: Sites of the photesurvey of coral reefs éong the Eilat coastline (green
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Figure B2 8A set of photographs from one of the photeurvey sies in the natue
reserve reef (2004 top, 2005 bottom). Among the observed changes are partial mortali
of the massive coraPlatygyral (top center), and growth of two colonies of the
branching coral Acroporal and 2, (center and top right respectively)ln addition, a few
colonies are missing from the bottom picture (2005), and some are new settlers that
appear only in 2005.
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Figure B31: Live stony coral cover at fixed photo locations in KATA, NR and IUl, in 2019 and 2020.
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Figure B3 3Relative abundance (by colony number) of the 10 most abundanbral genera in the lagoon
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Species n Relative abundance [%)] n/m2
Millepora 68 41.2 0.67
Stylophora 38 23.0 0.38
Rhytisma 25 15.2 0.25
Dipsastrea 18 10.9 0.18
Cyphastrea 4 2.4 0.04
Acropora 2 1.2 0.02
Goniastrea 2 1.2 0.02
Acanthastrea 1 0.6 0.01
Astreopora 1 0.6 0.01
Favites 1 0.6 0.01
Montipora 1 0.6 0.01
Platygyra 1 0.6 0.01
Pocillopora 1 0.6 0.01
Sarcophyton 1 0.6 0.01
Sinularia 1 0.6 0.01
_S")XXY‘-L\I-”'IY)(VL“S 1y x L ( X X » 1 L Lox X% X ",x,'-v§<)1 R

Table B5: The number of colonies, relative abundance anelverage denS|ty (colonies per square meter) of
the coral taxa found in the lagoon.
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Figure B3 4The average density (colonies/square meter) tiie main coral generafound in the lagoon
during the monitored period. Top: the dominant coral taxa, bottom inter-annual fluctuations in density of
all coral colonies and the most abundant corabtylophora pistillata
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January 2021. Bottomi the average number of polyps per spat (size).
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Photo: I. Kolesnikov
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Figure B42: Fish larvae collectedclose to shore at the northern beach of Eilat (NB) and close to the reefs of
the Coral Beach nature reserve (NR).
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the Coral Beach nature reserve (NR).
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month (calculated as an average of three plates submerged in the sea for two months).
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NR5m NR7m NR20m IUI5m Ul 7m
Blenniidae/Gobiidae 7.0 2.4 6.1 1.8 3.1
Mullidae (parapeneus) 1.7 2.6 11 2.7 2.2
Pinguipedidae o 0.2 0.0 0.0 0.4 0.0
Pseudochromidae % 1.9 1.0 4.4 1.1 0.9
Scorpaenidae, Synanchiidae o 0.0 0.0 0.0 0.0 0.0
Synodontidae 0.6 0.8 0.1 0.4 0.4
Tetraodonitidae/Diodonitidae 0.0 0.0 0.0 0.0 0.1
Acanthuridae 3.8 3.1 4.4 2.6 4.7
Apogonidae 0.6 0.1 0.1 0.1 0.0
Balistidae 0.6 1.3 34 0.9 1.3
Chaetodontidae - 1.8 3.0 1.2 1.2 3.2
Labridae o 11.3 3.0 2.3 3.0 4.2
Lethrinidae 3 0.1 0.0 0.0 0.3 0.2
Ostraciidae S 0.2 0.1 0.0 0.2 0.1
Pomacanthidae 2 0.3 0.0 1.4 0.3 0.4
Pomacentridae o 40.8  36.5 21.5 11.7 11.2
Scaridae 2.2 3.3 1.4 0.8 25
Serranidae 2.8 17.0 20.2 3.4 1.8
Siganidae 0.1 0.2 0.2 0.5 0.3
Caesionidae Pelagic 0.0 11.5 9.5 1.3 1.2
sT_s X, ? B 1 apdayXbx Qg x0 (Css o v ly xR WA GS) L

Table B7: Average occurrence (per sampllng unit) ofigh families and corals at the Eilat reef sites
surveyed this year
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Figure C1: Map of the coastatwater monitoring stations in the territorial waters of Israel in the Gulf of
Eilat.
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Table C1: Locations of the coastalwater monitoring stations.
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Figure C2: Monthly pH values at all coastal water monitoring stations since October 2006.
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Figure C3: Monthly alkalinity at the coastal water sampling stations since 2004
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Figure C4: Monthly concentrations of total oxidized nitrogen (TON, nitrate+nitrite) at the coastal water

sampling stations since 2004.

(NHa4) s 47 x
1 Ll Xpa P x X XS S HYIsx s % G X L 48 R e
11 XL 11 ~ X , oo X {0 s 4y . e L , S
Go)s _ 4y Llz2008" _ X s 1. X147 s I A .l s, P XX
s x4 0% x4 s T I Cov T AT 4L R A L
AT )y e X s e L T xS a1 T
s {4 " x « S = x x 4 ] ox ~ 4L X x| xy A,_x-|y| I x A: X 4 X4 sAxsx Y s {4 " X ;
i - s . S L X o L s 14 Fdox s
1. 14 Fds x Xy O R s " s 1l xs s F 1S "
68 s {1 s s s 1x o s Fods N ) O S S (N B S A R BN B
10 xbb Fds x Xy FoA340ndal/l- <4 st HIs LS 100 X nmélk % s
.III—+1>VX>S LV""X "I_
Pl S x 14 .s x {7 x s x m e 1, 2008 )7k 4 IS " el s
2008”" [, . x b1 7 ks x X
Ammonia

——FF

e\ B

§ e N VY

S —PT

T

z e WPC

e N R

eTaba

200500300500 0050007L. 150]50150150 7307207304302302, —O0S
20047 0 S« 4 XNHy XX B X FOX] [

Figure C5: Monthly concentrations of ammonia (NH) at the mastal water sampling stations since 2004.
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Figure C6: Phosphateconcentrations (PQ) at coastatwater sampling stations since 2004.
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Figure C7: Monthly concentrations of silicate ($(OH).) at the coastal water sampling stations since 2004.
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Figure C8: Monthly concentrations of dissolved oxygeat the coastal water sampling stations sinc2004.
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Figure C9: Monthly concentrations ofchlorophyll a at the coastal water sampling stations since
2004.
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Figure C1 0Salinity at the coastal water sampling stations since 2008aps in the data reflect failure of the
analytical instrument
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Figure C1 1Temperature at the coastal water sampling stations sinc2004.Bottom, comparing SST between
coastal staion NR and Station A.
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