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Funded by I srael s Ministry of Envir
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Prof. Amatzia Genin, Scientific Director
(April, 222

Introduction

Thisreport describes the work and results of Iss@dtional Monitoring Prograrm the Gulf of
Aqgaba Eilat) T NMP 1 in the year2021. It is divided into chapters according to habitats and the methods
employed Each chapter includes a short description efrtiethods 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 aahscientific report of 2003. While most of the text in this refort
in Hebrew, all igures and figure captior@e given in English.

The NMP has been operating since 2004, collecting continuousylasingpredetermined standard
methodsanda dedicated team. The ability to review consistently collected data provateased
analytical power and confidence in our findingowing us to seek inte&tnnualpatterns and trends. A
comparison of the preseday state of the reef with historicglre monitoring,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.

In the previous yean strong southern storm hit the coast of Eilat on March 13, 2020. It was the
strongest storm in the NMP record and perhaps the strongest in memory. Some of our finds this year car
probably be connected to the effects of the storm. The storm also danfagstduicture used by the
NMP and coupled with the ongoing Cov@dandemic, there are some measurements that were
interrupted or stopped and have not yet been resumed.

Modifications to newly implemented measurements were made and these are descréed in th
respective chapters. Coral settlement plates were plaggdaf these past three years, and this is now
a third site for this survey (in addition to the Interuniversity and the nature reserve sites). We also added
30 meters depth to surveys of seagreover and since last year a seasonal component was added, with
surveys conducted twidein winter and in summer. The sediment traps (an array moored to the sea floor
at 600 meters depth) that supplied data regarding partical fluxes in the water e@anost at sea mid
2019 and a new array is now available and will start providing data in the comingR&Ees benthic
settlement arrays were added to our two placement locations (NR and Katza) and material from the
ARMS arrays is collected, processed &ent for analyses with the international European ARMS
campaign. Finally, we started measuring wave data off the IUI. The setup is still not final but there is
already neacontinuous data from this year.

TheNMP reports are available through the welie sif Israed Ministry 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 includésta collected byhe NMP since 2004 is available for public download
through theNMP websiteaccessible through thel.

For questions or comments please contantthan.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 stormds effect
damage occurred in the shall ow reefs.wasThe a
lower again this yea, 1 N39 Qs¥me 1.5% lower than last year and some 3% lower than 2019
(before the storm). A lower coral cover was measures at six out of the eight forereef sites
monitored and only at sites 110 and Katz&0 was a slight incese observed. The largest

damage occurred at the most prolific forereef sitespNfRd NR20. Coral cover continued to
decrease at the reBét site as well1 6 N1 2 5His year). The marked decrease in coral cover

over the past two years may probablyalieibuted to the storm of March 2020, but it remains to

be seen how things will change in the coming years.

Size of stony coral colonié¢sThe characteristic size of coral colonies varies between monitored
sites. At the IUI site the fraction of small oales 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 and an increase in that of medium and large colonies is
docunented During 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. Coral colony density
remains more or less stable in the past few years althougmatssies a decrease in coral density
was observed this 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@dléaveragevalue of

this index for all sites is decreasing throughout the monitored period, at a rate of ~1% per year
This year on average 84% of the surface of living corals was covered by live tissue. It seems likel
that the decrease in average LTI in Eilat stemnkgast in part, from better coral survival and so
from fAagingo of c aesallhesdedrehse in thafadionmfsinal tonies n j u
matches the decrease in LTI.

Coral diversityi The ShanotWiener diversity index used for estimating coraleusity at the

reefs of Eilatdisplays small, indeterminate, fluctuations between years. Coral diversity at shallow
sites is generally lower than at deeper sites. These findings are corroborated by rarefaction curve:
and the expected number of coral t@ea 1,500 random individuals, though changes in all metrics
are small.

The coral reserve lagodriEnvironmental 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 over the years$Stylophora pistillatabut it is also the coral most affected by

storms and this year it comprised only some 20% of the colonies and for the first time,rthis yea
the fire coraMillepora was the most abundant at the lagoon. Since 2017coral density at the
lagoon is slowly declining.

Coral settlement in the reéfThroughout the monitored period, more coral settlers are found at

the nature reserve (NR) site thartbeother monitored sitesand they also seem to grow better. At

the IUI site, and perhaps ldatza too, spat growth over the season is less regirgslying, perhaps,

that settler survivorship is less successful. Having said that, the monitored pspedally at the Katza

site is not yet long enough to draw firm conclusions.

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

this group Diadema setosums the most abundaspeciesn Eilat. Its densiy fluctuates from year

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

since 20160ver the past two years urchin density has declined dramatically, perhaps as a result
of the 2020 storm, and the populatimow seems to be smaller than ever.
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Coastal Environs

8. Nutrient concentrations in coastal waterSoncentration®f nutrientsarecommonlyhigh during
winter and very low during summer. The process that dicthése dynamics the seasonal
mixing driven by cooling of the sea surface in wintghich brings nutrientrich deep waters to
shallow coastal areal June this year abnormally high alkity and concentrations of nutrients
were measured at the AFish Farmso sampling
values measured thus far in our coastal monitoring scheme. Samples from near the shore, next tc
the outflow of the Kinet chanel, were also particularly high and this seems to be the source of
nutrients sampled at the AFish Farmso site
In addition to the outstandirgpastalvaluesin June, high concentrations were again measured in
September at tehrelative Foithede of Bther coestal sited ahd, particularly, the
AROpen Seaod site. It would seem that the Kin
were high enough to be detected at the #AFiI s

9. Sea surface temperatuiieeemperaures at the sea surface were high during the winter months,
similar to the past few years of had a shallow mixing. During summer temperatures were
particularly high and at the fAiOpen Seao0o sit
through the castal monitoring scheme. Over the monitoring period a trend of rising SST is
observed, amounting to more than half a deg
There is an excellent match between SST measured at the southern coastal Bit®spteen S e a
andthedeevat er fiStation A0 that monitored durin

10.Fishlarvae next to the reef and at the northern bé&abis is the third year in which the density of
fish larvae is monitored at these two sites. At both sites |lalasity was similar and lower
compared to the previous year. However, this monitoring scheme has not been ongoing long
enough to draw conclusions regarding the supply of fish larvae at Eilat.

11.Benthic foraminiferd this is the second year that some defatinenthic foraminifera are found
at several of the soft sediment seafloor sampling stations at the northern beach, across from the
Kinet channel outlet. Deformed specimens make about 1% of the specimen counted. The presenc
of deformed specimen this secoyghr running may indicate contaminated sediments, but we do
not know the cause or type/amount of contamination but due to the location the possibility of
inflow from the Kinet outlet is worth examining Deformed benthic foraminifera were not
observed at ber locations monitored.

12. Seagrassat the northern and southern beadh@&his year seagrass surveys were conducted in
winter and in summer and a marked difference was found between seasons. Sea grass cover in
summer was generally denser than in winter.

In the previous year a strong southern storm occurred between the seasonal surveys and during
summer only a sparse cover remained at both monitored sites and all depths, except at the
southern beach at 30 meters defthis year sea grass has recoveredigbdck to prestorm

values, although at shallow depths at the southern beach a decline is noted over the past few yea
It appears that at the northern beach sea grass cover diminishes at depths exceeding 20 meters,
whereas at the southern beach coveraases at these depths.

The deep water column

13.Vertical mixingi Mixing of the water column took long to develop this year and only reached a
depth of ca. 450 meters, in April. During April mixing stopped and by May a warrsadinity
layer occupied t upper 150 meters. This is a mixing to fdepth ub Eilat, similar to recent
years (last year mixing reached 420 meters). Waters deeper than 500 meters are disconnected fr
the upper layers since 2012.

14.Concentrations of oxygen and nutrients in the deafersi The water column was mixed to an
intermediate depth and the deep waters continued to accumulate nutrients and to be depleted of
oxygen. Nine years after the last deep mixing event, nutrient and oxygen concentrations in deep

14




water are at the levets 2011, before the deep mixing of 2012 and only three years after the
previous deep mixing (2008). These are still lower compared to the values measured in the initial
years of monitoring.

15. Chlorophylta concentration$ Even considering the large seasonal variations, a trend of rising
chlorophylla concentrations begins to emerge, and peak annual values are now sometimes
measured during summer months. It seems that in the past few yeachlbigiphyll
concentrations arnot driven only by vertical mixing. Changes in salinity at the end of the mixing
season may indicate that water intrusion (from the south) are somehow associated with high
chlorophyllconcentrations in Eilat.

16.Deepwater temperaturésThe temperature ithe deep waters, and especially deeper than 500
meters, continues to rise. In demixing winters temperature at depth dropped slightly, but an
overall trend of rising temperatures is apparent.

Supplementary continuous measurements

17.Sea surfacehlorophylta next to Eilat's coral redtlaily measurement) Chlorophylta
concentrationfluctuate sharply and frequently and this year fluctuations were again more
pronounced than usual and the seasonal pattern less clear. Sh@hjmegbhyll-a
concentrations (blooms) were measured in March and April but also in August. High
concentrations in August coincided with a sharp rise in SST and these occurrences are likely
related. Salinity changes in the upper water column indicate that,lpossib fial i en o wa't
the northern Gulf and effected the measured properties.
The highesChlorophylla concentrations were measured during blooms in-degmg years and
the rising trend that is, perhaps, indicted in the monthly deep sea and toess®ries are not
apparent in this dataset.

18. Sea surface temperatures next to Eilat's coraldedy measurement) During most of this year,
until mid-September, SST was higher than the {tergn average. In August a dramatic rapid rise
in temper&ure, amounting to three degrees in about a week, was documented. The maximum SST
measured this year was, again, the highest measured during the 30 years of this measurement
scheme, 29°€. nevertheless, by the end of the year SST was more #Gdovier han it was at
the end of 2020. Since 1988 a trend of risi

19. Meteorology(continuous measuremetfit)n difference to the severe southern storm of March
2020, this year 6s met e oexwabrdirgiy.dlzelhighest anbientag me n
temperature recorded over the sea from the pier at the 1UIl i@s Higher than peak values of
mostyears but a | ittle | ower than | ast year 6s ma

20. Sea conditions (continuous measuremer trend of rising S$ is also apparent in the
continuous measurements from the 1UI pier. The maximum temperature recorded this year was,
again, the highest ever measured in this dataset’(3106 August 8).
The average annual SST calculated from the continuous measutengeseries (10ninute
measurement interval) was 22424 higher than most previous years from which there is such data.
This is the first year in which the NMP measures wave data. To our knowledge this is the only
(nearly) continuous wave measurement atrtbrthern Gulf of Eilat. At the end of the year several
events of strong southern winds were recorded. These were not severe storms and the highest
significant wave recorded (December 7) was slightly more than 80 cm high. It seems that, in
addition to thewvind velocity, the duration of winds also effects the wave Hight.
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Multi -annual variations and trends

The coral reefs of Eilat

1.

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

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 2h§&3.9% and in 2013 the
highest average cover was recorded: 26.4%. Since then, the average 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 affectdthow reef and the average coral cover at the monitored
forereef sites wa®3. 8B.8. This year an additional decrease in coral cover at the monitored
forereef sites was recorded and the average cover waBZ®® Live coral cover at most

monitored sites is still significantly higher than it was at the initial years of monitoring.

Stony coral density and sizeAverage coral density between all monitored sites varies from year

to year, although annual changes anals 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 there is also a gradual increase in the fraction of
medium ad large coral colonies, indicating improved coral survival over time.

Live tissue index in stony corailsThis index is decreasing since 2012, albeit at a slowcate

1% per yearlt is possible that the decrease in the average percentage of lieeiisizing coral
colonies reflects the growth and improved survival of coral colonies that are thus more exposed tc
partial mortality

Diversity 1 Stony coraliversity in Eilat's reefs, as well as the coral community composition

change only slightly s/m year to year, indicating a stable community structure.

Among reef dwellers other than corals, in recent years observations of previously undocumented
or rare species have become more frequent. There is also an increase in the number of sea urchil
other than the dominam. setosum

Sea urchin$ The most important group of invertebrate reef grazers are the sea urchins and the
dominant sea urchin in Eilat Biadema setosunThe density oD. setosuniluctuates from year

to year and dictates the abande of sea urchins at the monitored sites. Since 2016 a gradual
decline in sea urchin abundance is observed and the population size seems but a fraction of that |
the initial monitoring years.

Coastal Environs

6.

Nutrient concentrations in coastahtersi Nutrient concentrations are usually higher during

winter than they are during summer months, due to water column mixing that brings nutrient rich
waters from depth. Conversely, abnormal concentrations at particular sampling stations are found
mosty in stratifiedsummemonths. Abnormally high concentrations, indicating local nutrient
enrichment, were common until 2007 and became less so in lateriyeaesver abnormally

high concentrations of nutrients, particularly at the northern samplingnstaare again

occasionally recordeidh recent yearand this year in June high alkalinity and nutrient
concentrations were recorded, for sdintbe highest values in this dataset.

Benthic foraminifera in soft sediment at the former location of aquaeutge$ The benthic
foraminifera community beneath the former aquaculture cages at the northern shore of Eilat
displays gradual recovery since 2008 (Oeprl, 2014). A series of floods covered the sea floor

at the site with terrigenous clay sedimesising the winter of 201:23 and decimated the local
foraminifera community. Recovery following the floods wasisiderablymore rapid than the
recovery from the impact of aquaculture caigelicating a healthy habitafor the past two years,
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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 nutriéntse Gulf's ecalgy, particularly the annual
dynamics of dissolved oxygen and nutrients and their availability to phytoplankton, is controlled
by seasonal mixing of the water column. The maitthual dynamics are controlled by the depth
and duration of mixing, and the amntration énutrients in the deep waters.

Waters deeper than 500 meters are disconnected from the sea surface since the deep mixing of
2012. Therefore, nutrient concentrations continued to rise, and oxygen concentrations to drop in
the deep waters andeanow similar to those measured right before the deep mixing of 2012.
Nevertheless, the rate of change seems to be slower than that of the previcasmaltcycle.

9. Cinthe upper water lay@érdespite the large seasonal fluctuations, a trend of r@mgrophylta
concentrations begins to emerge, where peak annual values are sometimes measured during
summer and not spring. It seems tGatorophylta concentrations are affected by processes in
addition to the seasonal mixing of the water column.

10. Watertemperaturé The temperature measured in the deep water was at a low in the years 2007
2008 due to deep mixing and has been slowly rising since. Despite deep mixing in 2012 a drop in
the temperature was not noted at depths greater than 500 metersh& lnesumented trend of
rising deepseawater temperatures continues.

A correspondindrend ofrise in sa surface temperatures in Eilsidocumented since 1988
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Figure D2 (p.12): Changes in water temperature at Station A since 2004.

Figure D3 p.128): Changes in deep sea temperatures at Station A since 2000. Top, Water temperatures at depth (400 to 700
meters); bottomwater temperature trends at the sea surface and atd&fimat Station A.

Figure D4 (p.29): Salinity profiles measured using a CTD during the monthly monitoring crisémi an annual time
series of salinity at Station A at the depths in which water was sampled for analyses

Figure b (p.131): Changes in salinity at Station A since 2004.

Figure D6 (p.13): Dissolved oxygen concentration profiles measured during the monthly monitoring cBatesai an
annual time series of dissolved O2 concentrations at Station A.

Figure D7 (p.134): Changes in concentrations of dissolved oxygen in the water column at Station A since 2004.

Figure D8 (p.18): Changes in the dissolved oxygen inventory in the water column at Station A since 2004.

Figure D9 (p.18): Changes in dissolved oxygen concatibns in 400m to 700m water depth at Station A, since 2000.

Figure D10 (p.18): Depth profiles of pH values measured during the monthly monitoring cruises.

Figure DL Xp.137): Changes in pH in the water column at Station A since November 2006.

FigureD12 (p.138): 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.130): Nitrite (NOy) concentration profiles measured during thenthly monitoring cruise®ottomi an annual
time series of dissolved NO2 concentrations at Station A.

Figure DL Fp.141): Nitrate (NQ) concentration profiles measured during the monthly monitoring crids¢mi an
annual time series of dissolvedS concentrations at Station A.

Figure DL €p.142): Changes in the concentration of total oxidized nitrogen (FQI®:+NO,) in the water column at Station
A since 2004.

Figure D17 (p.43): Changes in the nitrate (NJOnventory in the water column at Stati A since 2004.

Figure D18 (p.14): Changes in nitrate concentration water depth of 400m to 700m at Station A since 2000.

Figure Ol 4p.145): Phosphate (P£J) concentration profiles measured during the monthly monitoring criBsémmi an
annual time series of dissolved PO4 concentrations at Station A.

Figure DD (p.146): Changes in the concentration of phosphate in the water column at Station A since 2004.

Figure D21 (p.14): Changes in the phosphate inventory in the waikmen at Station A since 2004.

Figure D22 (p.18): Silicate (Si(OH)) concentration profiles measured during the monthly monitoring criBsé®mi an
annual time series of dissolved Si(OH)4 concentrations at Station A.

Figure D23 (p.19): Changes in the concentration of silicate in the water column at Station A since 2004.

Figure D24 (p.50): Changes in the silica inventory in the water column at Station A since 2004.

Figure D25 (p.51): Changes in silicate concentration water depth0ffim to 700m at Station A since 2000.

Figure D& (p.152): Particulate organic carbon (POC) concentration profiles measured during the monthly monitoring cruises.

Figure @2 {p.153): Changes in the concentration of particulate carbon in the water cotutatian A since 2011.

Figure 28 (p.154): Fluorescence profiles measured using a CTD during the monthly monitoring cruises.

Figure 29 (p.155): Chlorophylta concentration profiles measured during the monthly monitoring criBs¢semi an annual
time series of chlorophya concentrations at Station A.

Figure D30 (p.56): Changes in the concentration of chloroptayih the water column at Station A since 2004.

Figure D31 (p.57): Concentrations of chlorophy# at Station A at the depth of the deep chlorophyll maximum (DCM), at
water depths of 40, 60 and 100 meters since 2000.

Figure (B2 (p.19M): Structure of the water column and the development of deep mixing as reflected in pfcfiles
conservative indicatdisakinity), a shortived indicator (chlorophyta) and longeilived indictors (temperature and
nitrate) in the water column in Janugviay.

Figure B8 3p.160): Monthly phytoplankton concentrations of prokaryot®gr{iechococcuandProchlorococcuy and pice
eukaryotes in the water column at Station A.

Figure (84 (p.161): Monthly integrated phytoplankton abundances in the upper 250 meters for proka®ymieshococcus
andProchlorococcusand piceeukaryotes at Station A, and thegtative abundance since February 2012.

Figure D85 (p.162): Monthly phytoplankton concentrations of heterorophic bacteria in the water column at Station A this year;
right, time seriesfintegrated bacteria concentrations (to 700 meters depth) since 2013

Figure D86 (p.163): A double plankton net ("Bongo") towed from the boat in deep waters.

21



Figure 87 (p.164): Monthly zooplankton concentrations at the upper 100m of the deep seaall@ooplankton, bottori
divided to size fractions filtered dt000, 500 and 200 um filters.
Figure (B8 (p.165): Zooplankton concentrations at the upper 100m of the deep sea since 2011.

Figure E1 (p.18): Chlorophylla concentrations sampled daily at the Underwater Observatory jetty in(@@Pline) and the
long-term average (1988020, green line).

Figure E2 (p.18): Chlorophylla concentrations at the sea surface, sampled daily at the Underwater Observatancgtty s
2004.

Figure E3 (p.18): Daily sea surface temperatures measured from the Underwater Observatory jetty diifrgcbne), the
average SST for 1988020 (green line).

Figure E4 (p.16): Topi Daily sea surface temperatures measured from theriwater Observatory jetty since 2004. Linear
regression represents the long term trend of rising<S@®E 198§data courtesy of Prof. Amatzia Genin). Bottom
Annual average SST.

Figure E5 (p.I1): The meteorological station at the end of the 1UI pier.

Figure E6 (p.I2): Top- Maximum daily wind speed (m/sec). Botteiaximum daily wind speed and direction since January
2007.

Figure E7 (p.13): Maximum and minimum (red and blue, respectively) daily air temperature above the sea.

Figure E8 (p.14): Maximum daily global radiation (top), ultraviolet radiation (middle) and photosynthetically available
radiation (bottom).

Figure B (p.175): Maximum and minimum (red and blue, respectively) daily values of relative humidity over the sea.

Figure E10 (p.18): Maximum and minimum (red and blue, respectively) daily water temperature at ~2m depth.

Figure BL Xp.177): Maximum and minimum (red and blue, respectively) dailylsgal measurements.

Figure EL Zp.17): Events of southern winds accompanied by high waves.

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 shown) ds10date
south of Station A.
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Figure A2: Time series of the Nitrate concentrations at 700 meters depth in Station A showmg the three tested
time intervals of near-steady state folbwing 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 deepxmg.
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Period Dates Temp. Oxygen Nitrate Phosphate Silicate

(C) (M) (=M) (nM) (UM)
1 22/2/0415/1/07 | 20,9 (+0.072 | 1624 (+5.92 | 652(x06)2 | 0.35 (x0.04)2 | 3.51 (0.4F
2 17/1/1%8/2/12 21.04(x0.022 | 170.3 (+2.4) | 5.61(x0.2° | 0.31 (x0.02P | 3.16 (0.1
3 18/1/1610/1221 | 21 16 (+0.08)® | 1685@4.7)° | 59(x045° | 0.35x0.03)2 | 328(x02)"
KruskaI_Wallls Pvalue *kk*k *kk*k *kk*k *kk*k *kkk
I ox _x . ssteady SKateLX o X X . 08 LX X 1S X7 (N ISE {H LA X 7T s X 2isx Xx{. !
Kruskal- 4 ~+%_ 71X _ % ©x _xois o T E sy ﬂomkxxx-smmﬂgmuu1
GRS X T TE XD KR T L X R X 4 { . XP<EOMOL X 4T HEx): Wwwanrs(m"
(P<0.05 « s * x DX e LoX . x4
x \.V\.LX « X xxx” . ] v L

Table A2: The three time-intervals in which nutrient and dlssolved oxygen concentrations 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 a-parametric Kruskal -Wallis test are shown, where **** denotes P<0.00001. Similar superscript letters
denote periods periods that are statistically sumular and different superscript letters are for period that are
significantly different (P<0.05, posthoc test between pairs of intervals).

*This period starts three 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 began 4 years after deep mixing, see
Table A2).
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200810 201214
Regression slopq Standard error | Regression slope| Standard error
Oxygen -8.83 1.14 -8.32 0.65
NOs 0.851 0.058 0.698 0.073
PO, 0.330 0.037 0.246 0.039
SiQ 0.047 0.006 0.036 0.005
,_.|"~s7o)>0|_v (s 4. T _ s THAXL 41744, 1x 7 s x Zw gp*qC
Cx 19 20322)11545,,’(’1\4?S',,~2Q€23)5105I)>$1"<1 ﬂ{v”v”s {1 x x o
s 7 L ¢ x ] 4. {1 x " A S X q S x | i1 1 ss”,,x-| st ., P s X

Table A3: The slopes of Ilnear regression (and standard errors) between concentrations and time at 700 meters
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 concentrations rose faster durig 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 nutrlents (nltrate phosphate and s]llcate)
at 700 meters depth in the three years following deep mixing of the water column, in the two examined é&m

intervals. The rate of change is the slope of the plotted regression lines. The rates of nutrient accumulation
and oxygen depletion were faster during the first interval.
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Figure A5: Time series of integratedchlorophyll-a inventory in the upper 120 meters of the water column in
Station A, since 2000.

aamiOUR (3 &R

o os 4 L 1988 Xl syss{y. ss .10 (SSTw 4B X {3 X p j I s

1.64¢% _ 415 *x2004% v, x,1xi4"ss P 4000L i 1 411« SO0X @°GI(-L. )
s"0LD6 L 4 1L

IS

(P<0.001y s *x ©.5°C", ' ¥4 _ 4714+ 3 «.,{47)00e 4% 1%

= (-

faax 48 aauvulagsxU nac

L x4y 'va) "L q . :X+"X~ A‘va" "'I”“VHS D7 ox
N T o I 19 S e A o A |

X X114 7 s D H R SRS T X e s Yy X s | X e ISH S I8 2
o0 T s X x s oy s X X Do DX X
Ay e s x| sy x, g s 4L s D ¥k Y X e s, x4
2_029,,V ~Ix'|>< s « ¢ 7 s

X" oS Dox X X s x4 Loas Xox s 4 &4 x DX 4" ox "y
FdYyx s o Dxsyx o Y @A3%:4t4As s Ly, 48 o0 7
LY X e X

XL T x4y 0 ) tx oo oux b 4Yys o 0T x X vy
R T T T N VR I S R ST IS I A O

2QR21s” s 41 x 94880 v X Ax A 7 Y 4ol o s T oxs 1{4

DX20 @R (7K e s X AT s xR,
FoeXx X4 T x gy ox 4 4 0 4 x 4N s Tl ox
._Inx x |—‘I n oy

~ ~

DS oL x - o X"OA".LvlLS4 : AF-I\-FX‘I |
s ) j q X J i ’” >I<r x I'I b3 'I
'I -] . S F .I y | s

27



Reg. coeff. R P value
Live cove[%] 0.268 0.44 FFI
Coral density#/10m] 0. 29 0.5 F F
Medium coralg#/100m] 0.293 0.4 FFF
Small coral§#/100m] -0.77 0.5 *F F
LTI[%] -0.307 0.71 *F F
Urchin density#/m?] -0.1 0.68 FF I
Lagooncorals[#/m?] -0.122 0.64 FF I
Algaec potential[mg Chl/cnd] -0.021 0.12 NS
Algaec realized[mg Chl/cnd] -0.011 0.01 NS
L. s X xS e, LY oS E Y 4 GHST S AT X0 XX 45, 4 I H A Y 4w
Pl s v AT Ao e x o s R T B
(ALY« A4 <dL Sy s S R IR

highlighted in red.

P values are indicated as follows: **** p<0.0001, *** p<0.001, ** p<0.01, * p<0.05, N&ot significant.

S L
S

X

x
N

. (RN
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. Variablesith a statistically significant regression are
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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 change over the period (see Table AB).improvement, Z=deterioration, -

= no trend.
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Figure B3: The average livestony coral cover (top) and colony density bottom) at each site, in 202. Center
lines of boxes arethe medians; box limits indicate the 25th and 75th percentiles determined by R software;
large black dotsrepresent ste meansand the blue lines are the averageof all sites
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Figure B4: Cumulative percent cover of live corals, sand, rock and dead corals. At sites where cover does not
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presented percent cover is an average of all transects at each site.
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Figure B5: Percent live stony coral coverageersusunconsolidated 6andy) seafloor in the sites examined.
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Figure B9: Left - The averagenumber of live stonycoloﬁies per tenmeter section at each siteRight -
Utilization of rocky substrate for stony coral settlement (numberof live stony coralcolonieson ten meters of
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Katza 10 Katza 20 NR5 NR10 NR20 IUI5 1UI10 1UI15 | 1UI Katza NR Eilat
Number of Transects 13 12 12 24 15 11 13 11 35 25 51 111
Stony coral 24.1 29.1 34.5 9.0 29.1 16.1 17.5 15.5 16.4 26.5 20.9 21.9
stdev 5.7 5.4 10.7 5.1 7.9 3.8 3.2 2.9 3.3 6.0 13.7 8.7
SE 1.6 1.6 3.1 11 2.0 1.2 0.9 0.9 0.6 1.2 1.9 3.1
Ccv 0.2 0.2 0.3 0.6 0.3 0.2 0.2 0.2 0.2 0.2 0.7 2.5
Octocoral 6.1 7.9 0.2 1.9 5.2 0.1 0.4 0.7 0.4 7.0 2.5 2.8
stdev 4.7 5.5 0.4 2.0 4.1 0.2 0.5 0.6 0.5 51 3.2 3.1
SE 1.3 1.6 0.1 0.4 1.0 0.1 0.1 0.2 0.1 1.0 0.4 11
Ccv 0.8 0.7 2.0 1.0 0.8 1.6 1.3 1.0 13 0.7 13 0.9
GRV+Sand 29.4 27.4 20.6 73.6 44.9 27.7 48.5 64.0 46.8 28.4 52.7 42.0
stdev 10.5 9.1 11.3 15.9 11.3 13.8 9.4 7.6 17.9 9.7 25.6 19.2
SE 2.9 2.6 3.2 3.3 2.9 4.2 2.6 2.3 3.0 1.9 3.6 6.8
Cv 0.4 0.3 0.5 0.2 0.3 0.5 0.2 0.1 0.4 0.3 0.5 2.2
Rock 30.5 28.7 20.2 6.9 14.3 49.7 29.0 15.4 31.2 29.6 12.2 24.4
stdev 11.0 8.7 14.8 4.5 5.3 11.0 8.2 8.4 16.6 9.8 9.8 13.2
SE 3.0 2.5 4.3 0.9 1.4 3.3 2.3 2.5 2.8 2.0 1.4 4.7
Cv 0.4 0.3 0.7 0.7 0.4 0.2 0.3 0.5 0.5 0.3 0.8 1.8
Dead Coral 8.8 6.1 24.2 3.7 5.9 6.3 4.4 4.2 4.9 7.5 9.1 7.9
stdev 6.4 3.4 11.6 3.6 4.9 5.1 2.8 3.6 3.9 5.3 10.7 6.7
SE 1.8 1.0 3.3 0.7 13 15 0.8 11 0.7 11 15 2.4
Cv 0.7 0.6 0.5 1.0 0.8 0.8 0.6 0.8 0.8 0.7 1.2 1.2
Norm. cover 34.9 40.5 43.7 41.1 53.4 22.5 35.0 45.0 34.2 37.6 45.3 39.5
stdev 7.4 5.6 11.4 15.0 10.2 4.2 8.5 13.0 12.8 7.1 13.8 9.1
SE 2.1 1.6 3.3 3.1 2.6 1.3 2.3 3.9 2.2 1.4 1.9 3.2
Ccv 0.2 0.1 0.3 0.4 0.2 0.2 0.2 0.3 0.4 0.2 0.3 4.4
Density 32.7 394 29.5 9.1 31.0 28.5 27.2 22.0 26.0 35.9 20.3 274
stdev 6.7 9.9 8.1 35 7.1 5.7 4.6 7.4 6.4 8.9 12.2 8.9
SE 1.9 29 2.3 0.7 1.8 1.7 1.3 2.2 11 1.8 1.7 3.2
Ccv 0.2 0.3 0.3 0.4 0.2 0.2 0.2 0.3 0.2 0.2 0.6 3.1
Norm. Density 47.5 54.6 37.8 44.1 57.1 40.1 53.7 61.0 51.7 50.9 46.4 49.5
Stdev 8.9 11.0 11.2 13.2 8.1 6.8 8.3 154 13.4 10.4 13.4 8.4
SE 2.5 3.2 3.2 2.7 2.1 2.1 2.3 4.6 2.3 2.1 1.9 3.0
Ccv 0.2 0.2 0.3 0.3 0.1 0.2 0.2 0.3 0.3 0.2 0.3 5.9
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Table B2: Summary of cover data collected i

~ v v

n line transects at the monitoring sites. Data is given as 'civerage

percent cozer measured in all transects 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 between sitePensity is the number of colonies n

substrate.
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Figure B12: The Live Tissue Index (LTI) for corals in the surveyed sites. The LTI ighe site average of the
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Figure B13: Changes inthe state ofcoral coloniesover time according to the averag@ercentageof living
coral tissue(LTI) from all sites over themonitored period.
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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 B2 OT he twenty most abundant coral taxa in the reefs of Eilat during the monitoring period,
arranged according to their abundance in 202. At the top are theten most abundant corals and below are
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Averages Average
Katza Katza
10 20 NR5 NR10 NR20 IUI5 [UI10 IUI15| Katza NR 1UI Eilat
Acropora 4.88 5.03 5.53 2.30 6.46 0.94 4.05 2.67 4.95 4.28 2.64 3.98
Montipora 2.55 3.27 1.05 0.86 7.21 0.26 1.40 0.68 2.90 2.77 0.82 2.16
Stylophora 1.83 2.53 2.79 1.07 0.77 2.38 2.05 1.76 2.16 1.38 2.06 1.90
Goniastrea 2.96 0.58 4.92 0.65 0.57 2.38 0.29 0.07 1.82 1.64 0.88 1.56
Echinopora 1.92 2.60 2.88 0.24 2.25 0.20 0.47 0.50 2.24 1.45 0.39 1.38
Dipsastraea 0.99 0.79 0.97 0.69 0.66 2.87 1.45 0.58 0.90 0.75 1.63 1.13
Porites 0.50 1.69 1.18 0.38 2.73 0.20 0.53 1.19 1.07 1.26 0.63 1.05
Cyphastrea 1.62 1.73 0.50 0.16 0.42 141 1.33 0.39 1.67 0.32 1.06 0.95
Lobophyllia 026 028 643 007 025 0.05 0 0| 027 162 0.02 0.92
Favites 040 097 042 025 097 093 020 037 067 050 048 0.56
Paramontastraea)] 0.65 1.11 0O 006 083 003 081 088 087 027 059 0.55
Leptastrea 057 066 060 009 018 072 092 023| 061 024 0.64 0.50
Pavona 047 161 006 003 035 002 005 008 1.02 013 0.05 0.33
Millepora 0.10 023 029 0.02 0 053 075 047| 016 0.08 0.59 0.30
Platygyra 0.14 023 024 033 030 030 036 028 018 030 0.32 0.27
Gyrosmilia 0.02 0.03 0 0.10 0 011 008 162| 002 0.05 057 0.24
Pocillopora 0 033 0 035 0 011 035 065| 016 0.16 0.37 0.23
Coscinaraea 0.14 0.33 0 0.16 0 056 027 031 023 0.07 037 0.22
Plesiastrea 0.17 0.72 0.18 0.06 0.12 0.14 0.22 0.10 0.43 0.11 0.16 0.21
Turbinaria 0.25 0.02 0.75 0 0 0 0.18 0.47 0.14 0.18 0.22 0.21
LX AT s L, T R B O T R E SN LS B I S G I B GO [ 3

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 density of coral colonies on the reef table since 2007.

4207 1% T xx 94 4y x .o X 120" 1.8x 144, "%s s

L e I s TS L, A 2P LB T

~

X

~

Moy ng X X X<, X7

LU x 123 41

(x40 14 47 x s BRI I N BIPA B S
124 77 " _ Tolwel 2009 EstimateS * " | + 1 Y 4 ShangrAwiendr 11 4+ + 47 4
232 ~.xH2OPL87 _* LI 7L . 1%, ¢ s Jx S

X x , % Lox X X s DX X“AL S x | s ” S ,“vs {7 x "
ST x> e KL T K L x X 29 RTIBS {E X s | X s X
1”7 x s : e e b e X 43 882§y ss 234 xxx “xxy s |
17 x s T lox X L ix 4 T X (ASas X Lk P
eoov T 1B X, DA KL Al YXX? s VXX e d kKT s Y X
A, T A s ox DX b xs 20 Sy XY X8 8T 10
R R R R IS D SR BRI NN I
,“vx |.-{-|:~ X < SXNX « - L L | ] .1 x X o " F S
{7 .

Richness of Stony Corals at Reef Flat
30

25
20
15

10

Number of Genera encountered

80072006’ ?009 20 %0 20 27 20 2 20 75 20 2g 20 75 20 %6 20 1)30 25 20 79 20 20 20 2,

» %X 14" s . X w . 1. x <L T
Figure B23: The number of coral genera encountered ahte Reef Flat monitoring surveys.

"oy

L5281 e x4

53



Reef Table Estimated Diversity
< 2.8
3
=Y Mean 20072020
2
‘»
5 24 -
=
o
5 2.2
c
2
% 2
2
< 1.8 -
<
"
16 -
<0p )30083009901030 )7 1901 2901 330 7. 4901 5%0; 620 25°0;, 8?0192030309 7
. —2007
Rarefaction Curves, Reef Table __ .,
30 ——2009
——2010
x
K ——2012
5 ——2013
g —2014
E ——2015
= —2016
——2017
0 2018
0 50 100 150 200 250 300 ;g;z
Number of Individuals 2021
x jxsai2Q@07” _ S~ _ 47 x s 771 x ShanonWienerd ¥ ¥ _Stic 241 -~ % VY
2009~ _ AT x s T 1ox X 44y

Figure B24: Top i ShanonWienr diversity of stony corals in the years since 200Bottom 1 rarefaction
curves for coral genus diversity on the reef table since 2007.

54



Rank Reef Table Fore-Reef

1 Platygyra Acropora
2 Stylophora Montipora
3 Dipsastraea Stylophora
4 Acropora Goniastrea
5 Millepora Echinopora
6 Favites Dipsastraea
7 Hydnophora Porites

8 Echinopora Cyphastrea
9 Goniastrea Lobophyllia
10 Porites Favites
11 Leptastrea | Paramontastraea
12 | Acanthastrea Leptastrea
13 Cyphastrea Pavona
14 Montipora Millepora
15 Seriatopora Platygyra
16 Galaxea Gyrosmilia
17 Goniopora Pocillopora
18 Gyrosmilia Coscinaraea
19 Lobophyllia Plesiastrea
20 Pocillopora Turbinaria

{ " X S I« P

X X

1

n oy

Table B4: The most abundant stony corals (by cover peréentage) at the reef table and the

S

BT L ™

reef front sites.
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Figure B2 8A set of photographs from one of the photeurvey stes 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)lin 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 B30: Changes in the surface area of photographed stony coral colonies during the monitored period.
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Growth- Goniastrea Growth- Pocilopora (1UI)
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Figure B31: Growth curves of photographed coral colonies
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51 Relative Coral Abundance
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Figure B3 3Relative abundance (by colony number) othe 10 most abundant coral genera in the lagoon
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Stylophora pistillata - x * _x * s ¥y, sy x93 ¥y C §Is4 .54, s
Species n Relative abundance [%)] n/m?
Millepora 69 39.20 0.68
Dipsastraea 38 21.59 0.38
Stylophora 34 19.32 0.34
Rhytisma 21 11.93 0.21
Favites 5 2.84 0.05
Platygyra 4 2.27 0.04
Acropora 1 0.57 0.01
Alveopora 1 0.57 0.01
Leptastrea 1 0.57 0.01
Seriatopora 1 0.57 0.01
Sinularia 1 0.57 0.01
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Table BS: The number of colonies, relative abundance aﬁdverage densitf/ (colonies pe? quare meter) of
the coral taxa found in the lagoon.

11, -1 20RDAPAS~, s " 4> 1. X _.x147s x0T X

x 4, % 201 RY _ Stylephorapistillata , x | " s ¥y x .5 x4 X9,
s"~sx s " xy [ X Zx><~x S LoX q . s |1, 4 ><x~ ’s“(."|2x2><-|~xxv,,sl
_(3ﬂ ”X‘I\.) . |X“S s 7 L

Stylophora- s " x ¥ 1 * 4. <4 5 «xs 47 s ], X Y X .S

L ~
S+ 13422014764 sx 190, r A21:3D 171" _ % x .-pigtilfata X
. .

X . q s s . 4 s DSXTTXXY X, St .|,,,,x>-|v.|"" Ss XY X XL X X N X 3
DX 40 . 20RDERFBORBOLRYIT X s " ix s
,SZGAEOOQ'I"NS ='|x 5|-|S S|-|,,-|L sx.lvs ."X-I'I"s !
S . o1 )xQoZ)Z\OZsVZI_}(g@QLm:::(XX]X L B D G Dox
s " Xy [ X FoA Y X .S :Xx~

67



2.5 -

Lagoon Coral Density [nAn

2.0 1 m2004 ®W2005 W2006 2007 m2008 2009

15 - m2010 w2011 w=2012 ®=m2013 wm2014 w2015

m2016 w2017 2018 w= 2019 2020 2021

Sy 1, A S
Y 7 Sy, .
/O,O % /Gb 72 3¢,

45 - Lagoon Coral Density [nfin
4.0 -

35 . == All Corals

30 A = Stylophora
2.5 A
2.0
1.5
1.0
0.5 -

0.0 T T T T T T T T T T T T T T T T T 1

200,20032005°00 0050057025702 200 500570 70257025701 70257005000,

1 v A4 x4 s IsUTHRII XY, xs o s o0 (L, X . 1 L S3XAX XX )
Styophora pistillata |, x | ”"'s ¥ x o« s DX 4 70 X5 xIPOPSX x4 4s. 4, sToxp {4y
Figure B3 4The average density (colonies/square meter) tie 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 nost abundant coralStylophora pistillata

« 11 .96+8: , ( X1« sS SWKG s xs 1 ] x T XGhannbdViener. ! 4 Yy x x|
Y X s ossTxxXy  xX 4, 7 7 X0 xplqsq X7y s XZE s, x4 «X) 4 4]
s "Xy | X 11774 x| X "] . . % SO Y X L - Stylopheral + s

~ + XMillepér& * ¥ ¥ | « . XDipshstrae&x 1 , s Y x Iy x | ;

68



shanon Diversity Index (EstimateS)
25 -
2 -
15 -
H
1 -
0.5 -
0_
<0p, 5005006?00 )?0065”’0095'0 Joé‘o 7 ]?o 7 jo 7 390 % jo 7 590 % 690 2507 &30 \79?030?03 7
LG % s2 0041 ShanonWieher (v .~ x x ¥y s Iils 47 4 0 DB WX
.EstimateS - " | :
Figure B3 5Changes in coral diversity in the lagoon since 2004, according to the Sharafiener index,
estimated using the EstimateS software.
x "o x o xl
2009 ~»x 1> .3"289. 7B xs 7 xy | X PO@PDPLYsx XX 4 s, ]
x4 s e "L 93 4 e 240, 1.0 s Xk Tl ox 6 x 1 20140 -
X X X s Sx o d s X TR s 1) RMARY XS] P4 T
et o p A X T XX X 68 Y sl s xs s
F1Ax T4 s © o« x X 4 Xxdtyhophérdpistifata 11" " K s Foxa X o X x sy
XXy o1y FY ]~ , XL .1 s ¢ -IS’,”-P(-IY~LSYX:V”LX‘-|
1 ,s = _Ixos s X x o sMillepdra St § ¥ x Dx I x4y EqT X 0
(s Txy X 409 xXx s {g Ly s
s o Xf{fa~®% 4" s S I L. S axqd - Stylophara ¥ xx_ I xass )i {44
201072009 " _ TStyYidphora ~ x> x x| X Lx X ox s, 7 Ox b
wo X s b s L e L)X, Tl s IO LS R ) s
= X x y . Il U cxbox” - Stylophora MW XX X 4 0 Josx X yxs o sq4Ix7y" ) P& X | K
1A
. Tk -|s-|,,> )xQ=]LW3<¢\ X L~ Dx box Ty \{V IL) Ix » v-| At :,,L:XA"‘|XV-|>" 1S X x: -|=”VJ<.‘Z
s 1 4., 4 X « { *s , S 20’0 lg’,,sxx] SL” XXy X 1Ix,]s{ "s Vs s LS
1,1 w4, xTs L« syoxlby 47 40 x4 4, s 4 X
Phxe x> Dox 7 px s mx Yy X p Yy x e s 0 XX s T ] X
S1e rd4x7A

69



s . 1

Y osXo 4L « 4 71 x x4 4 FLY X L. “ R I ol NN I

I

Pxqq
5 x 1 oo X S 29 ; 7 P11~§" L1JJL"XA . s . X L . X X _ X s , ¥ X UL~
Fod 9 . L 1A . X X, . " DX 41 x | s x2K2EY X | Xy 5 X X Y 4 9
R R R (R TP 0 D PRk I (Rl A U5 B S TR R B P Pl T
S X 4730+ 4% ] 1"

Figure B3 6Arrays of coral settlement plates in Eilat'sreef.

FAdd P x 1Tl r 4 xS

. L. x4 1 x Lo voXosDoXd o pedTy X L oX ]y =
RS SLL Xl A D dsxx I x]s X g X s xos L0 X K] XHOL KR s
DX o X x TIouxs LT X s xFIRS kTl x L4 Ly x
.:X’Y . X . ) F {1 Y X L o~ X X X

~ 7 X . X ox X o X .o« A X . o X A " s . 4 s
greenfluorescent + 1« * ~» 4 F 47 4 AFFXs 3 s T L} X, 00X
s x> v d Tk d% A4 sy v« Oprotging, GRPA ¥ X

.S . X8 s " s DT oX x M x I L =1, ¢ 7s

70



A TLx3T A K

~ ~

Figure B37: Tiny coral colonies (spats) on settlement plates retrieved from the reef

1 xx (s v n s 20,1 ksl e 4T X XD 0 {0 {STIXX X s T ox
Pl x 1T os 1 Y PVC_ N k¢ x4 s] 1) p AT ]

A 1y x7 o «qd s sx{" 4 {7 47 200967 X ) « xS 8 KS 1§

L 12016 _ v - x147 s 1" x 1) Sx 4 lx DX e oox X X o

L T R T, 7 0 I % S PR T | W 1 ' S RPN S N FAY X s
oA qs s X s ,oiw X b , oo XA

1.0 x s 201%*% 147+ 3« 41" 127 Ix"wx )y 4 (s X S .
xs SX T Xy 1>y Lo TE ey (T 4Ny x o bx XD ox oy

. X 14" s P L DX X 440 s s x4 ] x L, X vy
Pocilloporidae -, 1 _ . ¢ ~ 1 1 x 1 S, XX s 2,085

. D L4« Styidphora pistillatax = 1* S+ {1 IBAbdoek et al, 2003 1 X
X {Y D47 XD Xy, ix{ osX s s x 1y x20 1.7 *x ]

~

- 3) L 4% X X o« x4 ] x L SXTX o x sX e 4 Wi ] . X s XS q
el v d .o o x4 x4 A s L s
”"_X S ‘IY'S LA

X « . X
Spats , + 1% _ 11 oL S O B L Fed X q pxexx X4, %595 . S0 X, T]+X
T cxX 4 T x s 4 XY L FlY X 1 44 .
T e T I B RN S L e S L P e O N T T B,
(4 X 1s T Tx X g g ox
(|.Y) AN " snx S ”:‘\-xx ”:X'I SLXIY 1 '\."'\.\“x
115 I x s Lo X :X~XS~ 1 X .- >sv oxqd s L v-|><>< ' SL"AX s s” Lol ] . X

13590 "« 39F5 7% (7 S AR S. LU FX (1 x s s

¢

L « [ X o X S | X . o« X 4y X L 5 { % . S s | %
X [ . . X X .

, s | 788 L"A-‘le o s X .S I X . ”1’L'LX{A&)XXV1
s I 4 s s | x s X R, 4 . 0 X LooX X 4s3NB-H 7 « "1 INB. & . 7
s ox 1+ L T R B x {4y Tx L 1> vs L s
. X-IYS ”-I“L S . X
x o oos b ots s mx s ] b d ety ® ol sy x (s oK

36>< ,,x-|\) s , X S - . X . ” - X { % | X

71



500 2021

450
m Katza
400
ENR
350
m Ul
(E 300
12
= 250
o
9 200
150
100
” B H |
o i B

2 Months 4 Months 6 Months 8 Months
25
2021
20 m Katza
mNR
=] 15 m Ul
[0}
)
o
>
g 10
| II I
0
2 Months 4 Months 6 Months 8 Months
Pl A0k sst L 08T s a4 Yy bms T Gs o, X L 8y X380 (4 % X

. ( Y x> oL~ S L hoxoy ) x
Figure B38: Top T the average density of coral spats (per metesquare) at different time intervals this year.
Bottom i the average number of polyps per spat (size).

TLSS oL, X SUBY L AMRQO2A%XER0IA IS s xS 4T
1. < X% s Iox s o X ,onoX ] 0X =1 . s x s ., 1.5 v, x| xq
FoA { L X s ” ]~ , s "X s S I« s Lol .o ]s{Imx T s
X e oosiqds s, s x s o 4 T 4 44 D] |
s X o s L {7 s S o
'I\. ” " =J e -l ~ L X S X « : S L = X ~ .~ S }-S‘I wrr L. -l\. xX F -IS \-In
Xk Ao o)y kAo AA s 0 r e b xy s o x by
1x x4 T ) kA U A s e s e T T e e
x4, L. , S~ . 7] , s 4 s 1 x _"s DX T xS ox L oxoy
S R I B A

s {4 x X x ¢ xsliXx = x , 1+« s s w1 1% o] OX {4 s w
R S T R B H- T A N S N SR
"X R Lo 10 s s Lx 14 s I X x .le“s s
LoLX s X o, X x 1 7 x X4 448 Tsxx$ x40
X I x & s [T x F Y X « o ” F ” « S

72



Katza

& @ 25/05/2021
o ©19/07/2021

150 23/09/2021
100 %IH ©24/11/2021
50
0 o

0 5 10 15 20 25
Polyps/spat

NR

500
450 —
400
350 e
E 300 23/05/2021

£ 250
& 200 % ©20/07/2021

150 26/09/2021

100 ©23/11/2021
50

0 5 10 15 20 25
Polyps/spat

UI

500
450
400
350
£ 300 20/05/2021
2 250
@
2 %00 22/07/2021

150 22/09/2021

100 ©21/11/2021
50 4 A

0 9!
0 5 10 15 20 25
Polyps/spat

SL.Xx (st u) (GF R ahd s X xy ) 4 x Yy x o 39 Y 4

W xrs s}x“is _|~v>< (s
Figure B39: The average number of recruits found on coral settlement plates versus the average number of
polyps per recruit (recruit size) at the KATZA site (top), the nature reserve (middle) and the Inteuniversity

site (bottom), throughout the examined period.

, S 44>, s 7 ] *oop b xy X x4 {4 xy s, 0
,,x-|‘) Xiv{ s44.” ss S X « - X XX o,o0 rx41 4 4ixuyloxo L XD gXyY{s* 1
"4, v~ e s x4 x Yy s L x Yy D s 4 A

.8 7 X S X v .

S X% IsX L, I x {208MLBAL X _ 434S x 4" s T X
DX " x , ]« s R X .o XA Lo x Iy s { s

1 XY L D G S e N ~ 1,5 XL I I L = . =]
1o le A e d R X s s X st A TS L]
RN o x4 X x Y 4 by psx 0 x {4 s o x Ly

73



.o XA s | x|l y x4, L Xy s ” q 1 1 s« ., "X s , X x

X n X ” X ” = X =
x x4 {:ss 1 115 47" s 1% p 4. as T
sLA v x X dy 4 q X
v ~
KATZA KATZA
600 25
- L}
L}
500 - 20
= 2019
= 2019
400 g 12020
’E m2020 %) 15
£ 300 12021 2 2021
& S 10
200 &
b ii i i i i 5 i II
0 = i i i 0
2 Months 4 Months 6 Months 8 Months 2 Months 4 Months 6 Months 8 Months
NR NR
600 25
m2017 m2017
500 m2018 20 m2018
m2019 m2019
400 "
€ 52020 %15 52020
2300 m2021 2 m2021
& 3 10
200 &
b i II i 5 ii IIII
, Mila a |
2 Months 4 Months 6 Months 8 Months 2 Months 4 Months 6 Months 8 Months
Ul Ul
600 25
m2017 m2017
500 m2018 20 u2018
m2019 m2019
400 w
€ 2020 :,;_15 2020
% 300 2021 2 2021
l% %10
200 &
A PR | T | FTT FTT T . I
2 Months 4 Months 6 Months 8 Months 2 Months 4 Months 6 Months 8 Months
. X . X x n .
Hods oL (S L) SR s L (R T AT A (5
. = ” =
14xy X $_+ 4, A ¥ _wl % s 4.
~ A ~ ~ > - > >

Figure B40: Inter -annual and seasonal comparison of coral settlement tite Nature Reserve (tvoﬁ),vKatza
(middle) and Interuniversity Institute (right). Left i the average density of coral spats at different time
intervals between. Righti the average number of polyps per spat (size).

74



TR S S R U I TLE S

s . 1
tds o, A _x.bs o ox 1X p { Yy x pes ] 7X
x 14 _
DX {4 "X x I« : s Dk qd . T o F X 4 s X
L s X F-l“vXA]LGX5-|.’\£\:§’f)< (A,A;};\XVL ~ XY S ,,X‘?\x) Y >
s " Xy L XX ,(,_-|yx‘
T T S T SR x40 x1s 4. 1]
r 1" _ Quadratds- xs! 4 vy (! belttrarisect- S=-4 XXJ w~o_ (- 141 22006+ FSs
s liss Dhx 7oL 1X s xS EQyxx Xl {204RI0G5 |
T A s A4 L AL (XX L X TS X s T UL o8
X Tox X 1 L S*xa b gy x o 0 FARS, 4 X sxC1 1s . « x X ,
FL X~ VT R T e x b s e o T d X S XY eSS oL, X
vsSL L. .X y x | s D S s I 41 x94T 4 L Lox X,
s'|)~v X yxv .|)|_ "'IYxXV,V"'l,’(,:vx”JS{JI—r‘P('
e T XX WX 4 X XL Cox q X C 1 x « s ”ow X S ., XX s 1 41 479 % 4 « {1 ~
i1 A L s X 1x , X s | 41 s i . L L x 7 S | . X . ” .

RN I I I B RN
Figure B41: Belt-transect survey of motile invertebrates: a diver holding a Ishaped stick passeslang a

measuring tape counting the individuals found under the crosarm. This makes a sampling unit whose
length is defined by the measuring tape and whose width by the 1 meter long cra@ss. Photo: Tomer

Shaulov

75



X « < X

6 soc 1> 1x.4 B6OUHQ AL~ -, s XK XA
IUI-5 1UI-10 NR-5 NR-10 Lagoon
Density Number | Density Number | Density Number | Density Number | Density Number
Diadema 0.245 49 0.025 5 0.040 16 0.018 7 0.033 13
Other Urchins 0.075 15 0.015 3 0.165 66 0.003 1 0.068 27
Total Urchins 0.32 64 0.040 8 0.205 82 0.020 8 0.100 40
Starfish 0 0 0 0 0 0 0.005 2 0 0
Feather star 0.205 41 0.595 119 0.423 169 0.208 83 0.003 1
Sea Cucumber 0.045 9 0.070 14 0.118 47 0.113 45 0.078 31
Basket Star 0.025 5 0.035 7 0.008 3 0.020 8 0 0
m? surveyed 200 200 400 400 400
Fdss 7S v ds e 4447 s X 4L X Bset |

Table B6: Total abundance and average deﬁsity (number per 1#of mobile invertebrates at the monitored
sites.
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Figure B42: The average density (per M) of mobile invertebrates(top) and sea urchins (bottomat the

sampling sites.
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Figure B43: The average density (individuals per M) of all sea urchins at the forereef sites (top) and at the
lagoon (bottom).
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Figure B47: Average chlorophyll a on exposed and cagesettlement platesn 2 0 2Ehchbar represents one
month (calculated as an average of three plates submerged in the sea for two months).
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Figure B48: Top 1 Average chlorophylla on exposed and cagesettlement platessince 2004Bottom 1
Potential (Chl-a from protected, caged, plates) versus grazing pressure (the difference between potential and
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Figure B50: Average chlorophyll a on exposedi§lue) and caged Ked) settlement platesat the Nature
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Figure B54: Distribution of the number of reef fish according to trophic level at the nature reserve (NR)
and Interuniversity (1Ul) sites.
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Figure B55: Distribution of the number of reef fish according totaxonomic families at the nature reserve
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Figure B56: Rarefaction curves for species richness at the surveyed sites. Tapcumulation according
to individuals. Bottom, accumulation according to sampling units.
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Figure B57: Rényi diversity curves for reef fish communities at the surveyed sites.

COXOX O X PRIy TINR Se SR w i TIXx Xsgq4Y s oD, X

R T T T T e L VD S T (I - JEDA [ PR | IO
175 . xvzv@1g",¢><v l’l X oS, Sv”i\g_l s:v Ix6ﬂ_I4x$sJ”*~ St -|x-|,,,,>>E)’ X ¢
S &S | Dx ] ] x "ox S I I P Lo Lo x by = s X X s X
Ay s DT x X s v Y R A A L N
P X X AN rs oY L {Pomaéentridae ¥ 1 S+ L, x4 X g s L4 XS

CF A1 s Xy X D S "s DX . S = x ¢

A XISAM) S L 47 % 4% 1 4 (447 x 41 447 43,5 7s4x%%]

X 4 s L .ox 4 X s , S Lo+ X0 X X 4" A Lo :x\,,):s
‘|”X~L :

Ao, BT A s xR TR T x| SHDE H XY Ha A A dxE x| N
DX o7 D SN SN CF 1Y X L~ Lox X q LS L R I Z-|”x~ :
e T N S R SN

FAL XS 4¥ paxg4¥xssIX]s s x x4 4ls .
Fds x 7x sy s X .ox X I I R S U B S
_IHX X I-'IY'S 'I'I |_ X\_ ”

91



Reef community (diets) Reef community (fish families)
300 300

S 250 = 250
2 =
S 200 2 200
: 3 I
150 & 150
g s l |
5 100 - S0 & @ II.II
o £ l
£ 2 =0 =
2 50 - = 50 ]
o4 EEE e B
2 2
20072006’90092010801120122013?0‘7420152016’20179018201920303021 ?00) 3006, ?009 3010 07, 30_12 3010, 301¢ ?015 9016‘ 075 30_[8 3019 3030 3091

100%

NENE SIRRRR
BIRRNRE -
111l L -

BENRRRNRREAAR -
FRRRRRRRRRRRRD D g i 1!
=

ENspg S EEECEE=RER

?00)90089009?010301190J390\73901 qeois?oiseol)eolé,90199030?031

0%
200720082009201020112012201320142015201620172018201920202021

m Blenniidae/Gobiidae m Mullidae (parapeneus) m Pinguipedidae
Pseudochromidae m Scorpaenidae, Synanchiidae = Synodontidae
m Tetraodonitidae/Diodonitidae  ® Acanthuridae m Apogonidae
m Balistidae u Chaetodontidae m Labridae
EPK ®IM/IS =H/HD = FC mOM m Lethrinidae m Ostraciidae m Pomacanthidae
Pomacentridae m Scaridae m Serranidae
m Siganidae m Caesionidae

20077 0 S« (TA_A_) xTs s 44 X {(d¥B8sS)ANY
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NRSm NR 7m NR 20m [UI5m IlUmm [UImm

Blenniidae/Gobiidae 5.05 5.05 13.9 1.2 2.65 4.15
Mullidae (parapeneus) 0.35 1.65 1.4 3.1 2.15 2.55
Pinguipedidae w 0.1 0.15 0 0.1 0.05 0
Pseudochromidae = 1.6 0.2 6.05 0.4 1.7 1.35
Scorpaenidae, Synanchiidae o 0 0 0.05 0.05 0.05 0.05
Synodontidae 0.1 0.5 0.1 0.5 0.05 0.2
Tetraodonitidae/Diodonitidae 0.05 0 0 0.1 0.1 0
Acanthuridae 4.55 2.5 4 3.8 1.6 3
Apogonidae 1.05 2.05 0.1 0.05 0 0
Balistidae 0.35 0.55 0.45 0.65 0.45 0.3
Chaetodontidae o 1.85 2.15 2 2.7 1.6 1.5
Labridae o 8.3 5.75 9.4 3.6 9.7 13.75
Lethrinidae g 0.05 0.35 0 0.35 0.2 0.45
Ostraciidae pY 0 0.05 0.05 0.2 0.2 0
Pomacanthidae 2 0.6 0.25 2.3 0.5 0.15 0.15
Pomacentridae o 35.8 35.8 24.8 8.4 1555  19.8
Scaridae 2.9 10.95 3 2.65 1.75 0.9
Serranidae 2.2 1.15 1.6 0.55 1.6 1.35
Siganidae 0.05 0.1 0 0.6 0.1 0.05
Caesionidae Pelagic 1.2 4.25 9 0.65 6.75 8
Corals with fish 2.7 3.15 2.35 1.8 2.45 3.05
Corals without fish 3.15 2.35 2.45 2.45 3.05 2.7
s 7 s X Lo " 47X {1 ., < X% L X v(v ss 4 y{ly x ZVIL s A SL"L),XV'I:\,A

Table B7: Averége occurrence (p?sr sampling uﬁit) of fish families and corals at the Eilat reef sites
surveyed this year.
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Figure C1: Map of the coastalwater 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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(Total Oxidized Nitrogen = N+ NO»)

I x ) S X , { <« S | x kA S X R L Xxx,,As
s-|.|"A (,,x\s L box ] S 4 L -~ s"x.||_As |_-|vs :XJ~)
Fdw X0 v X S 11 (r 417443 x"%9 4 441 ) 11x b 147
, 411 R N T S e N S L I IS
<_>;,'|s1 I x 7 X% P | 1 s x Xy x {1 « s q (¢
SR S I R SRR (S BN BV SIS R SN I I ST
170x % xS g X ] T
mmol/l)  ~ X _ 1 5. Tnh@N1 X7 x(4 L x 71X v 4yls 4 xx v
S T T LA A R S 7 'GP S B 2ol 1|1 V| E s R |
= ¢ X . X o X% X L X« s X s X Xy x4 L S |~ Dxboql
x.|v X 1 s x "] s x{ﬂ”sX§v§v§x$Ij"vx N:Ix,]x II:"
20127 L s
XX o X v { L L Y5 /@ L4 a7 S xsIq L2015 S . X x 18X
74 s ’-|”x-| x HIx 77 1pr ] S¥xx X Yy, ss "L 4s¢ x | { . s ,Zx-| X 1 s
s L, ¢s s, 7s 1] b 417 AT s X e e s-l A X k& s x
_sLAZs\‘xvx xIIv” pon F ] s x
,_-|-|Z"~>< x I VO".~4m-‘ﬂK2/| J1,,,,A\sxv,,><_|>x W"I X1 X s”’~s s 4 s 1 x
DX | x

20047 _ S« A4 x 15 GTON)A Hse 1™ ] AL PR 417
Figure C4: Monthly concentrations of total oxidized nitrogen (TON, nitrate+nitrite) at the coastal water
sampling stations since 2004.
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