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Figure Al: Location of monitoring siteSee also map G.1 in Appendix 1
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English Abstract, - 4 L ¥ 4~ > . 4

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

Scientific report 2 042

Dr. Yonathan Shaked, Program Manager
Prof. Maoz Fine Scientific Director
(April, 2025)

Introduction

This report describes the work and results of Iss@dtional Monitoring Progrann the
Gulf of Agaba Eilat) i NMP T in the year2024. It is divided into chapters according to
habitats and the methods played Each chapter includes a shdescription 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 NM& ann
scientific report of 2003. While most of the text in this report is in Hebrewigallds and
figure captionsare given in English.

The NMP has been operatinggularlysince 2004, collecting continuous dagausing
predetermined standandethodsanda dedicated team. The ability to review consistently
collected data provides increased analytical power and confidence in our firalioggng
us to seek inteannualpatterns and trends. A comparison of the predamptstate of the reef
with historical pre monitoring,data can be found in the NMP annual scientific report of
2004.

TheNMP has added several new measurements and variables since its initiation, and
these aréntroducedin the respective annual reports of theitiation year Measurements
added or adjusted in the past two years are listed here:

1 DIC profiles at Station Avere measured022year by Prof. E. Wurgaft, RIP and
G. Edvardson of the Open University and the Hebrew Universityna?023
measurements were assumed by Dr. Gilad Antler of Ben Gurion Univérsisy.
year a full cycle oDIC measurementsas completediuring the NMP monthly
cruises.

1 Primary Productivity at the upper 100 meters of the water column were measured
intermittentlyin 2023,together with Prof. E. Rahav and T. Reich of Israel
Oceanographic and Limnological ReseaiThis year measurements were done
by the NMP (Dr. Tal Amitevery other month.

9 Cell counts for picephytoplankton were resuméad 2023 by Dr. Nina
Kamennaya of Ben Gurion University from sample collected during the monthly
NMP cruisesThis year a full annual cycle was measured.

1 Sensors for surface currents and wawese placedear the 1Ul (southern coast
of Eilat) andthis year we have a complete annual measurement cycle. Another
current sensor, aacoustigorofiler, is being assimilated into the NMP
measurement scheme and re@e measurements will be displayed online.

1 In anticipation of predicted record SSTsral fragments were collected regularly
throughout the warm season and analyzed for photosynthesis response and
symbiotic algae cell counts.
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1 A new method of reefish surveys (50x2 meters belt transects) was tested at the
suggestion and guidance of Professor Yoni Belmaker of Tel Aviv University.
This yearsurveyswere conducted using both the old method and the new belt
transects methgdo estimate the differences in results and effort between them.
In the coming years the NMP will survey rdish with the bektransects method,
which is the prevalent method used by other research groups at different
locations.

1 On the other han@nalyses of photos from permanent phsites were
discontinuedast yearas we search for a better method that will match the
preserdday technology. Photos at the permanent sites stdreaken and will be
available for futuranalysis

TheNMP reports are available through th#P page in theul web-site: http://iui-
eilat.ac.il/. A database that includdata collected bthe NMP since 2004 is available for
public downloadrom theNMP page. This database is currently being upgraded for better
availability and accessibility.

For questions or comments please contaotithan.s@mail.huji.ac.il

Key findings of this year

The coral reefs of Eilat

1. This year, for the first time, coral bleaching has been observed in Eilat. Summer 2024
was the warmest summer on record globally and at Eilat record high sea surface
temperatures were measured. As a result of the high heat stress, that was greater than
even the most severe experimental scenarios, widespread coral bleaching was
observed, albeit only in a limited number of species (particularly dtifigphora
Astreopora Montiporagenera)Over the course of several weeks many colonies lost
their algae giments or turned completely white. Neverthelégsaching in Eilat was
not as widespread as documented at other locations in the past few years. The
percentage of affected colonies was relatively small and as the water cooled at the end
of summer it seemed that many of the bleached colonies recovered.
Anticipating the warm summer that was predicted, the NMP began sampling
fragments from abundant coral species, to follow the seasonal variation in
photosynthetic response between June and December. Variability between species and
individuals was consideréband a significant seasonal trend was not establighed.
significant difference was found between corals from the deep (20m) and shallow
(5m) sites at the Coral Nature Reserve, indicating heat/light stress that limits
photosynthetic efficiency at the dloav depths. This highlights the significance of
mesophotic reefs as possible coral refugia, considering the expected future rise in sea
temperatures.

2. Live cover of stony corals Coral cover wasomewhat lower this year as compared
to the previous year, an average of 23.5£3.5% at the Eilatdefesites. We cannot
establish what is the role of coral bleaching in the decline, if at all, not least because
much of the survey was completed befdesbhing in Eilat was notable. In March
2020, live corals wergreatly damaged by the strong southern storm théiliait
The stormbés effect was not uniform across
shalow reefs but following the storm the average liceo r a | cover at Eil a
sites declined in 2022021 Coral cover started to increase after that, until this year.
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Decreased cover was measured at 5 out of the 8 sites surveyed and was particularly
notable (~4%) at the shallow Nature Reserve site-fgNRhe most prolific reef site in
Eilat. A small decrease in colony density was also noted this year in Eilat. Agavera
of 49.0+5.2 colonies was measured per meter square efdefe

Live coral cover in Eilat is higher than it was in the initial years of monitoringnbut

the past few yeaithere is no cleagrowth trend.

. Size of stony coral colonigsThe characteristic size of coral colonies varies between
monitored sites. At the 1UI site the fraction of small colonies is la(g&€% at the

IUI-10 site, this year)whereas at the shalloand deep\NR sites it is smallest and

large and huge colonies are more common there than at other sites.

Over the years, a decrease in the fraction of small colonies and an increase in that of
medium and large colonies is documented, but thisruadly stabilized in over the

past few year$ although a slight decrease was measured this year compared to the
previous yearMost of the colonies in Eilat are of the small size class sarthere is

a correlation between the density of small coloniesthadverall density of corals.

. Coral diversityi The ShanofWiener diversity index used for estimating coral

diversity at the reefs of Eilatlisplays small, indeterminate, fluctuations between

years while coral diversity at shallow sites is generally lower than at deeper sites.
Recently we added another diversity index,h e fef f ect ecvied anbu mb e r
exponential transformation of the Shanon index that amounts to the -eistnilyuted
number of species that would result in the derived value andttpreides a more
universdand meaningful measure of diversity. A thseries of this index over the
monitored period displays a slight increase in the average coral diversity in Eilat.
These findings are corroborated by Rarefac@arnves and the expected number of
coral taxa per 1,500 random individua#dl indicesdisplay a similar picture of small
scaleinter-annualfluctuations.

. Algae bloomg In 2022 deep mixing of the water column produced sustained strong
algal blooms, both phytoplankton and benthic, that lasted through March and April
andinto May. Mixing This year like the previous year, mixing of the water column

was not deep and, accordingly, algae blomras2 much smaller. As a result, the
maximal bloonpotential, measured on algae settlement plates, was in summer, as
observed occasionally in recent yedsall monitored sites it seems that grazing is
efficient enough to moderate benthic algae growtten considering the demise of

sea urchins (see section 8)

. TheCoral Reserve lagooil In recent years a considerable decrease in coral density
wasmeasuredt the Nature Reserve lagodn the previouyear, average coral

density was smaller than 1 colony per square meter (0.96), the lowest value measured
in the past 20 year3his year, coral density at the lagoon was a little higjam last

year, but still a lot lower than that measured in the initial years of monitoring.

Newly established continuous temperature measurerdentenstrate the unique
conditions of this habitat. The daily temperature span in the lagoon is greater than
outside of it and the seasonal temperature change is also larger: temperatures in the
lagoon are generally higher in summer and lower in winter eoeapto those

measured at the fomeef. Harshermvironmentalconditions at the lagoamsult in it
beingdominated by a small number of coral taxa and coral diversity is low. The
dominant coral at thBatureReserve lagoon over the yearsSitylophora stillata,

but it is also the coral most affected by stormsebentyears the fire coraMillepora

was most abundant at the lagpbut it toois declining

. Coral settlement in the reefThroughout the monitored period, more coral settlers are
found at the nature reserve (NR) site than abther monitored sitesand they also
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seem to grow better. At the 1UI site, and perhaps&adita too, spat growth over the
season is less regularmplying, perhaps, that settler survivorship is legscessful.
Having said that, the monitored period is not yet long enough to draw firm
conclusions.

8. Sea urchin$ Of the invertebrates, sea urchins are the most important group of reef
grazersand d this group,Diadema setosums the most abundaspeciesn Eilat. Its
density fluctuates from year to year and dictates the density of the entiresurchin
population Sea urchin densitigas declinedince 2016 and over the past few years,
urchin density has decreased dramatically despite the deep mixing of 2022.
Early in 2023,mass mortality of urchins occurred in Eilat, affectingthe
diminishedD. setosunpopulation and only one individual was encountered in this
year 0s s ur v e Vripneustatchinsweer al$oaftectesnmdthe urchin
population in Eilat is currently ominously small.

9. Reeffishi The fish community in Eilat (Nature Reserve and IUI sites) seems stable
in composition, diversity and size, with fluctuations between years that are likely
caused by incidental passing of fsthools during the survey rather than actual
changes. Fish communities between the sites and depths surveyed are not significantly
different although the shallow IUI site was always found to have the lowest fish
density.
Aiming to update our survey methaldgy, this yearjn addition to the regular survey
we also used bettansects at all sites to collect reef fish datae balttransects
method allows a larger reef area to be surveyed and is also the prevalent method used
by other research groups. A significantly larger number ofviisteencountered in
the belttransectsand that probably leads to more reliable results. Despite numerical
differences between the survey methods the overall population structure was simil
across the two methods. However, species richness was lower and diversity generally
higher in the old method as compared to the belt transects

CoastalEnvirons

10. Nutrient concentrations in coastal watérSoncentration®f nutrientsarecommonly
high during winter and very low during summer. The process that di¢tetes
dynamicss the seasonal mixingdyiven by cooling of the sea surface in wintghjch
brings nutrientrich deep waters to shallow coastal aréa2022 after a decade of
shallow to intermediate mixing, the water column in Eilat was mixed to a depth
greater than 700 meters and as a result a strong and lengthy phytoplankton bloom
ensuedIn the bllowing two yearsthe water column was mixed to a shallower depth
(ca. 300m, this yeagnd nutrient concentrations were much lower. Maximal
chlorophylla concentration at the Open Sea sampling stationalgaspproximately
half of that measureitt 2022
Within the coastal monitoring, irregular concentrations are those that are notably
different than those measured at other staficarsd particularly the Open Sea station
T during a single sampling campaign. Local nutrient enrichments were more common
prior to 2007, but in recent years irregularly high nutrient concentrations are again
more frequentpftenin the northern sampling statioris. April this year irregularly
high concentrations were found at the northern sampling stations, particularly at the
FF station. High concentrations of nutrients and chloroplweére also measured
near the Kinet Canal outlet in April and May, together \aitmormal salinity (low in
April and high in May) It seems that water input from the canal caused the abnormal
concentrations that we measured in the FF sampling stations.
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11.Sea surface temperatuie$ hi s year 6s annual aQpenrSeag e SST
sampling stationvasthehighest ever measured in the coastal monitoring campaigns,
25.0°C. Over the years of monitoringwarming SST trenés documented at the
Open Sea station. The mean increas®unts to ca. 0.5 degsgeer decade.

12.Fishlarvae next to the reef and at the northern b&da2022 perhaps following the
deep mixing of the water column or maybe due to other reasons, fish larvae were
much more abundant than in the years before it. This year, larvae abundances were
also relatively high, although not to the same exténére are usually more larvae at
the northern site than in the southern site, close to the nature reserve. The time span of
this series is not yet sufficient to draw conclusions regarding spatial and témpora
variations.

13. Benthic foraminiferd Deformed benthic foraminifera were foumd20202022at
several soft sediment seafloor sampling statipagticularly in proximity to the
former location of aquaculture cages. Deformed speantegether with high heavy
metal concentrations in sediments at the FF sampling site, may indicate corgdminat
sedimentghatwere exposed antdansported during the March 2020 southern storm
and affected development of benthic fauna. Deformed specimens were not identified
in the last two years.

14.Seagrass at the northern and southern beédcBeagrass surveys are conducted in
winter and in summer and a marked differengere ofterfound between seasqns
but this year seasonal variation was sn@ average, seagrass cover at the northern
site is richer, mainly due to disappearance of seagrass from the 10 meters depth at the
southern site in recent years. In 2020 a dramatic drop in seagrass cover was
documented at both sites, perhaps becausediltrch 2020 southern storm.

The deep water column

15. Vertical mixingi Seasonal vertical mixing of the water column is driven by winter
cooling ofsurface waters that erases thermal stratification and leads to mixing of
upper water with increasingly deeper watditsis mixing brings nutrients from the
deep to the upper waters and replenishes oxygen in the deeper waters. During the
warm season stable thermal stratification prevents mixing of upper and lower water
bodies.

This year mixing of the water column was relatively shallow, only ca. 300 meters. In
the winter of 2022mixing of the water column reached deeper than the seafloor at the
sampling station (Statiof, 730 meters) for the first time since 2012. That was the
longest interval between deep mixing events on record.

16. Concentrations of oxygen and nutrients in the deep wateeep mixing in 2022ed
to decreasedutrientsconcentrationsind highoxygen concentratioria the deep
waters.Shallow mixing in the last two years sawtrientsbegin toaccumulagin
waters deeper than 400 metérsnd at a higher rate than expedigdcompaisonto
the years following thereviousdeep mixing(2012.

17.Chlorophylta concentration$ Even considering the large seasonal variations, a trend
of rising chlorophylta concentrations begins to emerge, and peak annual values are
now sometimes measured during summer months. Even considering the amount of
integrated chlorophyd at depths of 60 to 100 meters during the summer season, to
reduce seasonal effects, a risirgnd emerges. ow appears thathlorophyll
concentrations are not driven only by vertical mixing and changes in salinity at the
end of the mixag seasosupport this. Rising chlorophyll concentrations coupled with
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rapidly increasing nutrient concentrations in the deep waters may indicate an external
source.

18.Deepwater temperaturésThe temperature in the deep waters, and especially deeper
than 500 meters, continues to rise. In deeping winters temperature at depth
commonly dropped slightly, but that did not happen following 2012 and 2022 deep
mixing. A sustained overall trend aéing temperatures at depth is apparatiteit at
a lower rate than the temperature rise at the sea surface.

19. Zooplanktoni Zooplankton concentrations were high this year and similar to the
previous year. Usually, peak zooplankton concentration is measured in one of the
months at the start of the calendar year and the highest value measured by the
monitoring program (since021) was in February 2016 although that was not a year
of deep mixing.In recent years, zooplankton masseiatively highand this year it
was higher than in 2022, and even higher 2@t6. This suggests thiéite duration
and intensity of miing, as well asdditional factorsmay also play a role

20.Primary productivityi This year measurements of primary productiwgre done by
the NMP every other month, following the protocol of Prof. E. Rahav of IOLR that
was used in recent yeakgariations in productivity are large and rapid during winter
and it is likely that our measurements are not sufficient to capture these details.
During summer, on the other hand, variations are smaller, and the system is in an
Aol i got r op hfore summdr pradectivity mhaygrowde a better chance of
recognizingong-term patterns. It seems that summer productivity in the years 2010
2024 is rather uniform, with highest values in 2016, but still, there may be a, slight
nonsignificant,increase in summer productivity over the years.

Supplementary continuous measurements

21. Sea surfacehlorophylla next to Eilat's coral redtlaily measurement)
Chlorophylta concentrationfluctuate sharply and frequently with a seasonal pattern
of higher values in winter and spring and lower values in sunt@orophyll
concentrations near the reef were lowes yyearcompared to the muiannual
average (1982023) and a spring bloom of phytoplankton was not documeDtaly.
chlorophyll measurements near the NR coral reef do not reveal an ongoing trend of
change.

22.Sea surface temperatures next to Eilat's coraldedy measurement) Throughout
the year, SST measured dailgarthe Underwater Observatory and the nature reserve
reef was higher than the muéthnual averagand also from the 90percentile of
existing measurement®nly at the end of September tempretures dropped to the 90%
line and at the end @ctober to the mukannual average. From July to mid
SeptembeBEST was considerably higher (ZB5egrees) than avage. Since 1988 the
annual average Jhas risen at an average rate of ~0.36 degrees per decade
(measurements by prof. (emeritus) Geninds
the average rate is ~0.49 degrees per decade.

23.Meteorology(continuous measuremefitf hi s year 6 s meteorol ogi c
were not extraordinary ardid notinclude notablesouthern storms events. The
maximalambient air temperature recorded over the sea from the pier at thasUl w
the highest measured so far, 45.5 degrees.
Sea conditions (continuous measureménthe maximalSST recorded at the 1UI
pier this year wathe highest on recor@1.9 degrees, in early August, and the
minimal SST this year was also higher than measurements of the past few lgears.
previoushighest maximal SST on reconhs31.0°C, measured in 2021.
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Looking at the minimal annual temperatufesidest 5%, 18 days of every year) we
find a continuous rise of the minimal SSTs over the years.

24. Sea wavesgcontinuous measuremeiitlhe NMP started monitoring waves2021
To our knowledge this is the only continuous wave measurement at the northern Gulf
of Eilat. This year wave data was collected by two sensors close to shore at the 1UI,
one of them placed near the surface ovkb meters depth and the other at a depth of
6.5 meters over 30 meters deep seafloor.d&ta collected to date allows
characterization of the typical waves generated near the 1Ul (southern shore of Eilat)
by northern winls 99% of the deeper measurements werg@gfificant wave heigist
up to 0.2 metera/hile the shallowemeasurementsad ~80% of readings at this
range and ~20% of significant wave heights rangingd®42meters. Higher waves,
the result of strong southern winds are better characterized over the deep seafloor. The
deeper sensor recorded seven events this year, in thieickaximum wave heights
weregreaterthan 0.5 meterand in three of them maximum heighteximum heights
were greater than 1 met@n the evening oflanuary 13the highest waves of the
year were measured, <=meters, driven by southern winds (13.4 metersecond,
from direction 207).

25.In the summer 02022 a surface acoustic current metexs placedext to the Ul
pier. Measurements reveal that the dominant currents are parallel to shore, the
southerly direction is more dominant than the northdirgction andeachegreater
speedsLongshore currents commonly change direction about twice a day, probably
forced by the tidal cycle, but this cycle is not regular and consistent throughout the
year Most of the currents that are faster than 0.3 m/seenaasoutherhydirection
and véocities greater than 0.4 m/sec. were only measured in southern currents. The
strongest currents (southerly) were measured in June and July.
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Multi -annual variations and trends

The coral reefs of Eilat

1. Live stony coral cover Live coral cover iasimple and significant metric reflecting
the state of the reef, and substantial variations in the live coral cover betweas sites
well asinterannual changes have been recorded.

During the initial years of monitoring (2088) average coral cover in Eilat was-19

20%. In the intervabf 200712 average cover increased and fluctuated in the m@inge
21.523.9% and in 2013 the highest average cover was recorded: 26.4%. After that
maximum, the average coral cover at Eilat ranged between 24.0% and 25.3%.

In March 2020 the coral reefs of Eilat were hit hard by a severe southern storm and
damage to the reef varied between the monitored sites. Following the storm average
coral cover decreased significantly lbetentlyan increased average coral cover was
measure@nd coral cover is in a range lower than the maximal values but higher than
it wasin the initial years of monitoring.

2. Stony coral density and sifeAverage coral density between all monitored sites
variesin time, although annual changes are small. Throughout the monitored period
there is a gradual decrease in the fraction of small colonies and an increase in the
fraction of medium and large coral colonies, indicating improved coral survival over
time.

3. Live tissue index in stony coralsThis index is decreasing since 2012, albeit at a
slow rate ca. 1% per yeailhe decrease in the average percentage of live tissue in
living coral coloniegossiblyreflects the growth and improved survival of coral
colonies that are thus more exposed to partial mortality

4. Diversityi Stony coradiversity in Eilat's reefs, as well as the coral community
composition change only slightly from year to year, indicating a stable community
structureAtmes er i es of the fneffective number of
diversity derived from transformation of the SharWiener diversity index) reveals
a slight increase in coral diversity over the monitored period.

5. Sea urchin$ The most important group of invertebrate reef grazers are the sea
urchins anduntil recently,the dominant sea urchin in EilasDiadema setosum
The density oD. setosuniluctuates from year to year and dictates the abundance of
sea urchins at the monitored sites. Since 2016 a gradual decline in sea urchin
abundancevasobserved and the population size seems but a fraction of that in the
initial monitoring years. Even following the deegter column mixing of 2022
urchin population in Eilat did not recovét the start of 2023mass mortality of
urchins in Eilat was documented, mbkely due to a bacterial pathogesind affected
mainly D. setosumin recent yearghe urchinpopulation in Eilat isminously small
andthis year only on®. setosunindividual was found in the NMP surveys.

Coastal Environs

6. Nutrient concentrations in coastal watéfdutrient concentrations are usually higher
during winter than they are during summer moniiegause wintewater column
mixing brings nutrient rich waters from depth. Conversely, abnormal concentrations
atindividual sampling stations are found mostly in stratifseotnmemonths.
Abnormally high concentrations, indicating local nutrient enrichment, were common
until 2007 and became less so in later yddosvever abnormally high
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concentrations of nutrients, particularly at the northern samplingrstatire again
occasionally recordeith recent years possibly indicating terrestrial water input

The deepseawater column

7. Concentrations of dissolved oxygen and nutriérntsie Gulf's ecology, particularly
the annual dynamics of dissolved oxygen and nutrients and their availability to
phytoplankton, is controlled by seasonal mixing of the water column. The multi
annual dynamics are controlled by the depth and durationxaignand the
concentration bnutrients in the deep waters.

Following deep mixing in 2022, deep waters were enriched in oxygen and depleted in
nutrients that were brought up to the photic upper waters and fueled intense.blooms
In the past two years nutrient concentrations are rising in the deep watexrsate

higher than expected by comparison to the previous deep nfixigg12).

8. Chlorophyltain the upper water layérDespite the large seasonal fluctuations, and
even considering the high values attributed to years of deep mixing, a trend of rising
Chlorophylta concentrations begins to emergadpeak annual values are
sometimes measured during summer and not spring. It seeryia tddition to the
seasonal mixing of the water colun@hlorophylla concentrations aralsoaffected
by otherprocesses.

9. Water temperature The temperature measured in the deep water was at a low in the
years 20072038 due to deep mixing and has been slowly rising since. Despite deep
mixing in 2012and 2022a drop in the temperature was not noted at depths greater
than 500 meters. Thus, the documented trend of risingsksspater temperatures
continues.

A trend ofrising sea surface temperatures in Eilatdocumented since 1988
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Nature Reserve (2) and the oil terminal (3). Black scale line is 100 m.:
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substrate underneath the linetransect to a resolution of 1 cm. Photo: N. Segev. = mm
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Figure B3: The average live stony coral cover (top) and colony density (bottom) at each sife,vin 2024
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all sites
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Figure B4: Cumulative percent cover of live cordtpse substraterock and dead coral§he
presented percent cover is an average of all transects at each site.
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density of live stonycorals on hard consolidated seaflooat eachmonitored site.
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Figure B7: Average live stony coral cover at each site and the average for all forereat gmsent
of total area.
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Table B2: Summary of cover data collected in line transects at the monitorin@sitass given as
average percent cover measured in all transects at each site (combination of location and depth)
with associated standarddeviation, standard error and variance coefficient except for the "Eilat
average" that is the average between siteBensity is the number of colonies per square meter,

w

ANor malizedo is for hard substrate.
Katza 10 Katza20 NR5 NR10 NR20 IUI5 IUI10 Ul 15 | Eilat
‘ Number of Transects 14 12 15 24 17 16 15 14 127
Stony coral [%] 25.4 28.4 40.2 10.1 32.2 19.1 14.2 18.7 235
stdev 11.7 8.8 8.0 4.6 13.0 8.3 4.5 7.7 9.9
SE 31 2.6 2.1 0.9 3.2 2.1 1.2 2.0 3.5
CVv 0.5 0.3 0.2 0.5 0.4 0.4 0.3 0.4 2.4
Octocoral [%] 12.5 9.4 0.5 2.3 6.1 0.1 0.5 1.0 4.0
stdev 13.1 3.8 0.6 2.7 5.0 0.4 0.4 1.2 4.8
SE 35 11 0.2 0.5 1.2 0.1 0.1 0.3 1.7
CVv 1.0 0.4 1.3 1.1 0.8 4.0 0.9 1.2 0.8
GRV+Sand [%] 35.4 33.6 231 778 43.0 294 558 64.6 | 453
stdev 194 9.9 13.1 9.7 15.8 10.1 10.6 9.9 19.0
SE 5.2 29 3.4 2.0 3.8 25 2.7 2.6 6.7
CVv 0.5 0.3 0.6 0.1 04 0.3 0.2 0.2 2.4
Rock [%] 23.0 23.9 19.2 6.4 145 45.7 25.0 119 | 21.2
stdev 11.3 10.7 16.6 3.7 6.5 15.7 10.9 5.5 11.8
SE 3.0 3.1 4.3 0.8 1.6 3.9 2.8 1.5 4.2
Ccv 0.5 0.4 0.9 0.6 0.4 0.3 0.4 0.5 1.8
Dead Coral [%] 2.7 4.0 16.0 3.1 3.5 53 45 34 5.3
stdev 2.8 4.8 11.9 4.5 3.4 4.7 3.2 35 4.4
SE 0.7 1.4 3.1 0.9 0.8 1.2 0.8 0.9 1.6
CVv 1.0 1.2 0.7 1.4 1.0 0.9 0.7 1.0 1.2
Norm. cover [%] 40.0 43.3 53.3 47.7 55.7 27.8 32.8 53.1 | 44.2
stdev 11.9 11.8 8.2 14.6 10.6 12.5 10.9 15.3 10.2
SE 3.2 3.4 2.1 3.0 2.6 3.1 2.8 4.1 3.6
CVv 0.3 0.3 0.2 0.3 0.2 0.4 0.3 0.3 4.3
Stony coral Density [m™] 58.9 59.8 39.0 19.3 53.7 65.7 495 458 | 49.0
stdev 28.3 24.4 25.6 14.7 34.9 25.1 24.6 20.4 14.7
SE 7.6 7.0 6.6 3.0 8.5 6.3 6.3 5.5 5.2
Ccv 0.5 0.4 0.7 0.8 0.6 0.4 0.5 0.4 3.3
Norm. Density [m™] 93.7 90.9 95.9 104.8 521  119.7 139.5 957 | 99.0
Stdev 38.4 33.2 66.3 77.0 339 76.3 73.5 40.8 25.1
SE 10.3 9.6 135 18.7 8.8 19.7 19.7 10.2 8.9
CVv 0.4 0.4 0.7 0.7 0.7 0.6 0.5 0.4 3.9
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Figure B10: Size frequency distribution of coral colonies in the surveyed Sitas.classes are:
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"Eilat" coral size fractions [%0]
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Figure B12: Live Tissue Index (LTI) for corals in the surveyed sites. LTl is the site-average of
the percentagearea of live/healthy coral tissue for each livingolony.
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Live Tissue Index [%0]
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Figure B13: Changes in the state of coral colonies overaauerding to the average percentage of
living coral tissue (LTI) from all sites over the monitored period
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LTI [%] by size class, 2024
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Figure B14: Top, the average percentage of living coral tissueM(LTI) from all sites in 2024, grouped by
colony size class. Bottom, change to the LTI since 2007 in the various coral size classes.
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Figure B15:The ShannoiWiener dlverS|ty index of coral taxa estimated this year for eachsiiee
Past software (Hammer et al., 2001).The value for Eilat is calculated as the average of all
monitored sites.
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EstimateS software (Colwell, 2005) and starting 2022 by thHeast software (Hammer et al., 2001).
x 1 4 7 «richnesy 1 ¥¥Y X s+« g 1 BhannoAWiener, ¥ ~ 15 *7 XXy s
T X ey xXxx s s @ b e DG T ] Y Xy 'y e&enn g5 v s
Frd L. s s L xiy X oox T g ‘I"AJL SX«J-IJL.I-LX‘
| Lo x Iy ‘_|xxx y”" ||_|x'-| s><+()%°<-|.y Id ™ ¢ ,I
1 Jodt,200p . (4 * 41« -~ o Y\iivs N BN 1~

49



. s s ¢ Zx‘|.|J~ 1L X FlYx s L . XS {1 * 41«

v~ >

* Shanmotwiener ! 1 L xx T xxy .4 4 1 o sxxs oy
cs 1 x s 4y cxs {0
Effective number ofjenera= exp(H_Shannon)
{1 vy x ., Cr 17 x R X DX "X DX A X L ] x « =
16!, x X4 e s A X x4 X 4 st
LTS D XX X Y X e ST XX X)) SRS s s
. s X X s " q . X € S
Effective Number of Genera
25
20
[
o
c
g 15
=
2
L 10
o
x
()]
5
=—=Filat Average
0
<0y 49000300500 73008?00930 1090 )7 ]90 7 2?0 )7 390 7 jo )7 030 )7 6?0 )7 jo )7 6,30 199090903 1903 2903 o.,?o 2,
x X s ¢ . . . x4 47 s . X « - ] . X < L oL T o X X 4 7 X >
Past - 20 22" _ _ Gawelk 2005 EstimateS - " 1 - 14.! ShanrmgnWiener ! I | x o _

(Hammer et al., 2001)
Figure B17:The average effective numbergdnerdor stony corals at the Eilat reefs since 2004is
is calculated from the ShanorWiener diversity index of coral taxa estimated by the EstimateS
software (Colwell, 2005) and starting 2022 by thPast software (Hammer et al., 2001).

S o4 X sy Aiyxx x oo xrarefactiol ~ S o A XX( DX SO TP ¥ ¥ xS

] ] P s X Xy s X o s « A ol , s X s L x|y
L. Lo demdx s o sixq o gxyAlss xo sq]xs..,i ]
]")QIO]_)QJ’,,)‘ s . ” s, 4% .s DX X Lr Y Is™s 1 B xs
213" L .x14"”

X

s | x BpJl - % HXI:ostox18%. . X T < ) Ty ﬂ=” X 0SS, 4 X .S X . SSXu XXX, S
TANR ,» - v b TS SKRATAAS 4 pXJUECEXX e Y xx 40X

Loe s X {4 X s X s

2,1, P O e 'IXVIB'BEQ(ATZAF4YX§'-3""-I~:$XX'IVkXY L‘X‘IVY"S . '|YXVL
51Ul » 1« X«

~

50



Individual rarefactions Forereef sites 2024
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Figure B18: Rarefaction curves of taxa richness based on colony counts, calculated for gaith site
the Past software (Hammer et al., 2001).

1] s«.” L xq47s A 104 0 x oL (- x

1y x ., X Dt . CX 4T xS mXe Y X e s, X .
19 (» x4 ) Fd7 s Xx4Bs4s 8T, s 00 X

LY X Cox X X X v 1 x L L X Lo Lo

F o]y X S 2,,0)0;4"" s "¢~sv « S X X = L X S ”o s . L , S .
F 5060, vwods A 11 s« . "20, so XYW &8 Q ev: s K1 7 4 T4¥x_
X .« ,s L~ X Xy 17 F17 A s X “

Individual rarefactions Eilat average

50
45
40
35
g 30
ﬁ 25
20 ——2004 ——2005 2006 2007 ——2008
15 2009 2010 2011 2012 2013
10 2014 2015 2016 2017 2018
5 2019 2020 2021 ——2022 ——2023
0 —2024
0 1000 2000 3000 4000 5000
Individuals
Past " 1 404 L ox X x4 ] Tx X xS0 . X X
2008+ _ s (. 1* {(Hammeretal., 200} x " .~ X
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Expected number of coral taxa
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Figure BZO The expected number of stony coral taxa per 1000 and per 1500 random coral colonies in
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Fraction of Live coral cover
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Figure B21: The five most abundant coral taxa in the reefs of Eilat during the monitoring, period
arranged according to their abundance in the last year. The fraction percent is the average
accumulated length of a coral taxa out of the total coral length measured in line transect surveys

of the Eilat reefs.
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Table B3: The twenty most abundant corals (% cover) in the monitoredraddheir average coer
in each site as a percemgeof the total transect lengthat each site.

Katza Katza Eilat
10 20 NR5 NR10 NR20 IUI5 IUI10 IUI15 | (Average)

Acropora 4.6 3.3 4.3 1.3 8.1 1.6 1.0 4.5 3.59
Montipora 3.3 3.8 3.3 0.8 6.8 0.4 1.2 1.2 2.57
Stylophora 19 3.0 2.6 1.3 1.9 3.8 2.9 2.2 2.45
Goniastrea 2.9 1.0 7.5 0.9 0.6 25 0.7 0.1 2.02
Echinopora 2.2 2.3 6.3 0.5 2.2 0.7 0.4 0.7 1.91
Dipsastraea 11 1.0 0.9 1.0 0.8 3.8 0.8 0.9 1.29
Porites 0.9 1.8 1.3 0.5 2.6 0.1 0.6 19 1.19
Cyphastrea 1.0 1.4 0.9 0.2 1.7 2.3 1.2 0.8 1.19
Lobophyllia 0.3 0.2 5.9 0.0 0.3 0.0 0.0 0.0 0.84
Paramontastraea] 0.9 2.4 0.2 0.2 0.9 0.3 0.7 0.4 0.75
Favites 0.9 0.7 0.4 0.2 0.8 1.1 0.3 0.1 0.55
Leptastrea 0.7 1.2 0.5 0.1 0.5 0.5 0.3 0.3 0.52
Psammocora 0.5 1.1 0.2 0.1 1.0 0.0 0.2 0.3 0.43
Gyrosmilia 0.0 0.0 0.0 0.1 0.3 0.0 0.3 2.2 0.36
Platygyra 0.6 0.2 0.8 0.4 0.2 0.4 0.1 0.1 0.35
Pocillopora 0.2 0.1 0.4 0.6 0.5 0.2 0.2 0.4 0.34
Millepora 0.0 0.2 0.0 0.0 0.1 0.8 0.6 0.7 0.30
Pavona 0.4 1.0 0.2 0.1 0.5 0.0 0.2 0.2 0.30
Astreopora 0.1 0.2 0.3 0.6 0.7 0.0 0.3 0.2 0.28
Mycedium 14 0.0 0.6 0.0 0.1 0.0 0.0 0.0 0.27
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Figure B22: Cumulative percent cover of live corals, unconsolldated (Ioose) substrate rock and dead
corals at the reef tabl®¥alues are averages of line transect values.
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Reefflat Coral Cover and Density
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Figure B23: Percent cover of live corals and density of coral colonies on the reef table since 2007
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Table B4: The most abundant §tarqrals (be cove

sites

s Xy g

1 "X, s
r percentage) at the reef table and thedefe

T Tox X 1 4%

(4.

Rank Reef Table Fore-Reef
1 Platygyra Acropora
2 Stylophora Montipora
3 Acropora Stylophora
4 Millepora Goniastrea
5 Favites Echinopora
6 Dipsastraea Dipsastraea
7 Hydnophora Porites
8 Paocillopora Cyphastrea
9 Porites Lobophyllia
10 | Echinophylliag Paramontastraea
11 Goniopora Favites
12 Plesiastrea Leptastrea
13 Montipora Psammocora
14 Lobophyllia Pocillopora
15 | Acanthastrea| Platygyra
16 Echinopora Gyrosmilia
17 Astreopora Astreopora
18 Alveopora Millepora
19 Pavona
20 Plesiastrea

$OXT
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30 -
25 -

0p 20 -
15
10 -

5 4
0 i

@ @ o 2 @ )
\0&\0 \\on O ¥
N\ NS
S N < <’>\Q‘° v Q S

STXY LY b A daad s b AdYXx_Lvs {Yx S 29 L (xR x

Figure B9: Relative abundance (by colony number) of the 10 most abundant coral genera in the
lagoon
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Table B5: The number of colonies, relative abundance and average density (colonies per square
meter) of the coral taxa found this year at the lagoon

Genera n Relative abundance [%)] n/m?

Stylophora 55 33.7 0.54

Millepora 47 28.8 0.46

Rhytisma 36 221 0.35

Dipsastraea 10 6.1 0.10

Acropora 4 25 0.04

Platygyra 3 1.8 0.03

Favites 2 1.2 0.02

Montipora 2 1.2 0.02

Acanthastrea 1 0.6 0.01

Astreopora 1 0.6 0.01

Cyphastrea 1 0.6 0.01

Porites 1 0.6 0.01
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Figure B34: Topfi the average density of coral spats (per m2) at different time intervals this year.
Bottomi the average number of polyps per spat (size)
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TableB6: Statistics valldatlon of the photochemical response of the examined coral species

Factor p-value Interpretation

Month 0.0069 Significant seasonal effect

Species 0.0151 Significant differences across species

Site / Depth 0.0009 Highly significant spatial effect

Month x Species 0.0631 Marginal interaction effect (not significant at 0.
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Density Number | Density Number | Density Number | Density Number | Density Number
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Figure B42: The average density (per m2) of all mobile invertebrates (top) and sea urchins (bottom) at
the sampling sites

P4 XLl x e s e, T e X e 1% X e b {1 x
x4 S R, S [c Nk L, TR B N [ AL NS SRS S B B T S
Lol X Xs, , U ss{" xs_ J_x‘:9<-|:s"wl”:xsl~xﬂ”v:|_xLA IXVAL s

S T S RPNy A TUEE NP ARSI LTC N FUNE CPL

2021
2012720@B7r 1”7 20@Bp1 ¥ x (4" L 1 x"x .5 4 X sl 7

s 44 x L lxvs BO®YX sTdx! v kixx4s x4 o T

LD XX o T x% 4o g 45 7 410 x4« 0% K _ % kExX P
X I x . s o qd 7 x R ><x><,,A “VXA _=X¢v Z“>v\x

14, x1210%20% ¥ ¥ S 1s s s 1., Xx 2029]7 x

S 4SS, T x s, 0 X L kIxx, (SO AN XKLL Xom ] BN S X
41 %

1 X X * X4y s 4]
D. 7 dr_dsl x4 S 4 %xx2 0s2 s x 7 {s 7 JIXxx]x x 1454 bd >, sx "X
Y s s DX, o x xS x4 ] Tsetosuin” ¥ X ¢
P bx s {1 ] s " {  Tripnedstes®Y Xy {s! x pq4{ulsx {404 X
A I I s { s . ,~],,Z: For ,

79



0-0 T T T T T T

Forereef Sea Urchins [nAn

Qooq 2006 2008 2010 2019 ?014 2016‘ ?018 2020 2022 2024

3.0

2.5

2.0

15 4

1.0

0.5

00 T T T T T T

Lagoon Sea Urchins [nfin

L 2

2004 20

0s <005 2o <0z

20 7g

<0

s 05 02 025 <02

. ( ss-|"vx|_yxl_ % X AZ v-||_”)x s

N N

Ul G- " 0

FA1 e 48 A%

Figure B43: The average density (individuals per m2) of all sea urchins at tiredbsites (top) and

at the lagoon (bottom).

1«

~

~

.|

1-|vx|_Jx\x Dx lox " s P Zx“xA 1 s {1 x
A s o ds bx o G U4CAX K e ) s Tix e x0% TP sgtgsumX © . X X«
. x4 B matakiy s

80

“

.I

S



3.0 - .
Forereef Sea Urchins [nAn
2.5 - === All Urchins
20 - =i—D. setosum
=== Other Urchins
15
1.0 -
0.5 -
0.0
0030050050035 0030250250730230750 7501807 50250502502502502502
25 - .
Lagoon Sea Urchins [n#in
2.0 - =¢—All Urchins
=fi=D. setosum
15 - === Other Urchins
1.0 -
L
0.5 -
[ |
0.0 T IAI T T T T T T T T T T T T T
2005005005003005005 073075 07307502507502507 3025075025 02502502302,
w4 2 1« xDiademéa setostimr +s. 40 x4« 0 (" 48 AA¥ 1.
s "Xy | XX

Figure B44: The average density (individuals per m2)iatlema setosurand other urchins at the
forereef and lagoon sites

).

LS q-l

v X S . . "X , X " oX « . S . X 14" s x " ¢ . s X,
s"4z(5{|_,,xx-|_\() Zx”xN\,,S . X 14" s Lox " L2012”]JXSSX
175 x 1 X o Lol I {7 x S . RS ,
X7 X, Tes b 47 X e 48 b, kS 1 F, RAU KRS
Dol e L ix ] s s x Xy ] b e pd. s X s x 7
s " xy X Y .
FAAxXT 4 X x4 . x O x 1ox” 1Yy L <4, s s
DX X s ~ X 14" s x "

81



1.2 -
Featherstar [n/m2]
1.0 -
== Forereef
0.8 1 == agoon
0.6 -
0.4 -
0.2 -
00 Y o OO0 -0 O
005005005 005%0500502525 013023023025 01500 P25 045025023 02502502
0.12 -
Sea Cucumber [n/m2]
0.10 -
0.08 -
0.06 -
0.04 - == Forereef
0.02 - =—Lagoon
0.00
<003005005005905003025 0230230250 SRLS 0TS P50 02502302502,
0.03 - .
Starfish [n/m2]
0.025 -
== Forereef
0.02 -
=fi—Lagoon
0.015 -
0.01 -
0.005 -
0 .

(sAed )41 xdd 455y )ir) +4 X)X X _ 48X, 11+ F
s "Xy | X x P xS :
Figure B45: The average density (per m2jeaitherstars (top), Sea Cucumbers (middle) and Sea
Stars (bottom) at the foreef sites and the lagoon

~

82



17 x- ¥, G e Xy

s . 1
X (v S Cox ] CXeo kX sSSP xS kXX ]Es X
DX 14
T ., JIXBLOT x A X YPVC R TR Y RS s, x
4 % s = x| s L X R I x Fdos. s R IA SAX |
5,200 4~ _ X X ¥ x|« Cx ] X 2007 x4 B s
X X)) T4, o bxy o o DD X ox ox o DX ]
Fdoox ] |_-|'|-| x Xl Lox X {14 s L LIX-V46X:XXSVX
FoAioXxes 7osloxT 4 87(s V:X-sJ'I DXL A ¥ X q o IR T N S R A e S A A
S I VUL T I R B
Fds X GFIA + AUXA s 424~ 1 4 [ e U T
Do T T dos T T X o WM B 0B XA T X
X ¢ (Eb64,E647,E630)F 11 - "4 x4 x s 41" YA o 4
cx v, 8t v - X o« Xchlotophylla-s s - A 7 ] ¥ ¥ X Spelctjophotometer | _ X
S + X X S
[chi, ]— =(30¢§11.85E,,, - 1.54E,,, - 0.08E,,))/100
P T x| |-'|"XLJ5~ 11 A4 71 x s Lx oos 0x ]
N S e S O A TR N T R N U T B BN
X «os  ox ] ks x§s X (Pii’l"1%n51x’-1) Tx ¢ s
. X (o« L S-I-IA”S o
i _ I x1 s 1 41  chloréphyllal & x 1 1 5 —)(‘|-|XL\§A:)(VJ Lo
Ll x oo x k¥ ] oy oX X v oo X8 Lxooox s DX T s D XX KX
(Error bars represent the standard grror «~ = s -« 1Y T+« 4 Y¥ . 44 _ s S

R R A Fdd 4% v dse4 1 L
1. 4+ x. x4 p A |--I-I'1X15P.<$L‘~x:5<>11’f{§ DX

Figure B46: Algae settlement plat¢&) Two plates in the array are exposed to grazing by

herbivores, and two are protected by a wire cage. Photo: Nitzan Segev Bjery month divers

replace the two settlement plates that have been in the sea for two months. Photo: Ruti Reef.

83



v Xox | s . {1 y s L~ 1«71 x x Fodoe A S . S DX X |
X A .S X , 1 s
L X (- 47 x_x X (L s L x Iy Lo 471 x =) Dx "y x
Pl T v v sAT 1.3 Amnd) T A 14 . 4 K TR A
x ] s « ¢ 7 X © X S 1Sy 1 x4 5 s Pl X1l x ys xs
~I5]®@m?s1s o7 s Lo ix s L0 X2 XX, ss
¢ . .o~ X s x x ., S {1 L s 7 x I 20822 x 5% Xy
2021 X1 &Ifdlent , 4« T 1d4. % .4« 11
P XX oL .X“xA (s41, -1 LoX X 1 Lox X {4 s .
Loox | x|y S v 7 sx Xy s T4 s L q 07X
X7y X TR TOHELAX A% esds_ Dsxq1sx LX) 4 L X
S < " PR A g]ﬁcnf Xy X, s ", 8 S X , s 7 s q I x -
= s ,,J-|” c4 T x s "Xl s x X (. S N L - 1
Lox X DX (S L x4y X = s x
, IUI Benthic Algae Settlemen2024
m Exposed Plates
3 - m Caged Plates
E
L
(o]
E?2
5
=
O
1
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct NOV Dec
?

X 15 TIxY W 2001247 9 X x L 1 X x " v xchiofophylka, ¥ X ] 1 43X 4 ¥
S G B B ,_1><_,_xAs~:><~x>q.|‘Dx,_l'|

Figure B47: Average chlorophyll a on exposed and caged settlementip2®2el Eachbar )
represents one month (calculated as an average of three plates submerged in the sea for two

months).

xxx",. L I__|n~x ”~‘_J 11)(.'3’5( hi"X'I]N,'I’kf‘lXN‘ﬂ\SV’:X
Dxo 4 T T 10 L A s % s dsIX oy x
’18’1 X X

R XX 41 v B @mglent [, ! x s XXX ooy X

cx 4 y2Q®23204*x 0 L S s T4, A L FL.xyxo oo, x ]X

T s>x“:>< o x 1, XXX, Zx"’~ Lo X Loe s
2007

’vax 1 _1s sIXAvs L X s :x"yxv Lox

FAT X ¥ ox 0 {52008 7" dcfy {S SAS ] $Xs s

P T T X oL x4y v {200 2x2 0 22007, x 1

48 .~ x4<) 14 _ {os

Fd w8 XXX o x Ty X s nx 4 T X X Xy s v 4 07

x ol b xE XX s 4o x s s Al XX o sx ] s x x| B X, 8 X

v=s>< Fqd 7 x L A Zx”y;(>s~x~2x)\;( 1 s ox A

~

84



xA‘v\x L X1 4y s :X,’ﬂin’fE|a§‘|?§q:*lXX§V|_Z‘)$>[S|§§ -

b, X L. X _x ] 4 X Lo X gs Dox ooy DX ows sy X

L. - XX s 7 & 4 ke u A T e e x5 T X ("o

44 . x4« ) Ixoos o osIx X% U IofPy s sk s s BEL 4]
(.s1_1t

~

Ul Benthic Algae Settlement Plates

=
o
1

0]
1

»
1

Chta [mg/cm?]

LapLantan2an2an 23030 23230 Y30 a0 23 30 Y30 a0t %30 3N TN TN 2,
" S B T e B Y %,
mCaged mExposed
Grazing Response
6
[ ]
5
%‘ e« | .
S) ! o
€ 3 SR
= PN y =0.660%- 0.3877
E 2 o Qo . R =0.7957
© o 3 'oo'.. Ny
0 o0 g ¢
1 NS
[ ]
[ t ° '* L
0 oe-" ° e
0 1 2 3 4 5 6 7 8 9

Potential [ mgChl/n?]

$12Q0%~ _ v 4 *x L 1X xChiorophyll ai X x x | 71 sid418ie x ¥ ¢

S

T Xx Ix Ty x o Dx 4 T x L LA X x s Dx ] Ty
. ( DX X x4 ] x L
Figure B48: Tofi Average chlorophylh on exposed and caged settlement plsitecse 2004. Bottom

I Potential (Chia from protected, caged, plates) versus grazing pre@herdifference between

potential and the realized (chla on exposed plates) algae growth).

X4 T x 0 Ay, e X s, xS e R, [OSe T4y s Tt s s X
X vovos oo x b4y e o X s, ) s X X el vl x4 o
Lx Y e A o = DALY LKLY X S5 kX

LA S\.XXNS SL" l-'I"X:" |-'I"~>"V ,S',NL SHNV s ”
R T N T e AR IR NPT SR U E S S N SN
poe X4 s I2X0,2¢2 7S XLE XS4, s X xPP2.0 1 27 L T Xw 15
I i ] Y | FL X ~ , S L svl“~ s>x“:|_ S . X X
(s,_ L = x 41 x\,,) { « s | I x 7 X v oW XX

85



(e}

Springtime Chta

ol
1

SN
1

w
1

Chta [mg/cn?]
N

[Eny
I

0
(37 499 (o (P 6 o o g (Vg 9P 0 0

===Exposed =m=Caged

Lo1Ts o A ox ] X x4 vk A x4 Yo X { X Ghorophyll &% X X4 49, x4«
e A T e 4 o xes o DX {119%907 T XL L
Figure B49: Average chlorophydlduring the months ApriMay on exposed and caged settlement

platessince 1997Each point is an average of three plates submerged in the sea for two months.

~ > ~ ~

X X4 s Do JIuxs” XD T 4L X {1 K X0 3 040 VL. Ak e

~

” ¢(‘."|_ 11 ¥y H_{,”ys<"]) . X —oxp x40 o xiLxlh s s I x X 0
x .

X « S . . X = ] L x 1 ( B4 47 )" Sk X(-B(VUYS % )x“ ;|vsz<stA¢Z Jss)"" X4YodL XS
el ld s s s xS s ¥ X &, XX o Xxs s X ]
cx 4 T x L s e D x Y] s x X, 8 s ¥ XL X 4 A
yss 4 Xx | o] v xepwdH A pd A R T T |
L o xw XXy TR XISy, ) o D x0T R
£ .]‘x,,b'L,,vav s " 4« s 7 xy L X Cx 4 T X X e 4 XY s ] x g
FA L XSV S Y DK ISR X Tk ¥ Y
Fdsx Xy 4 1. XX Xl o s T xy o (s 44 .
Cx 14 . . € X, L X ’s" L X X s 7 q X € .
17 s X X Y4s Bgdnt S o S X L X s X s s,
s { s s " xy L X DX "y x S DX . s x4 71 x L | L
Ll bxos s xSy s ] Jifden? S Lo~ S
P2 44 10 o p T T X L B XX X X { ] x s
stAvs PR Fd 7 s |_-|J,,A|_ ,_-|vxlx ,s”xyLX
s 7 x Y 3L Biemy 4.7 x| Lx 1 x 4x, sL4l Yy Lv 4T A x

J ~ ~

” s ¢ b, X F 1 s x Xy Fdl o DX "X, ] . s

N

Ty ” svsz S thdlend) X1 Xx oy x(ob X Ixx X " s I " s X
X L P | . w " T L. X:7xyl ’st"1~]sx e Je 4
"1ox PSSk

S
XA
] .
A xi 1>y
11
S

va

x =

| ” X

X1 X on

g —L

|
Xy

- X e

o XX | x |1

P
L X X
"X"l's-ll:)il‘”l‘s.F-I":‘XL'tJQ J\,{
: . . X s "1 . ( . ,
1. _s 1. s F b TS S A A B R
x L 11 S L L2000 _AXI XU ISL2XTIgNGIers T 4¥" Xsilsq s,
Lo x|

Ay F X 4 s DX X 1 x4 1 x L X DX "y

~ ~

Iy X  + S L
« X, 10X X

~

)
X
Y

x —>
X N

TXY L ud XXl x 468 1434 . x4 4x 1 xx



Pl x4 XL~ XX, b qdsx Xy s T oxy X
s | X% S Lo X ’” “ ,,:X-I SL-I -I s , X S )

Benthic Algae Settlement
Lagoon

[é)]
1

B Exposed plates

S

m Caged plates

Chta [mg/cnd]
w

N

[N

o

6 -
5m

m Exposed plates

m Caged plates

Chta [mg/cn?]

> .QY NN N
<<Q/ @’b ?‘Q @’b \\)

20m

m Exposed plates

N

1 m Caged plates

Chta [mg/cm?]
w

| ™ e ™ e e ™ e ™ ,»b‘

3
v v v oV v oV v N
vg‘ Q/z?\ AN \?9% (,)cQ & %0\\ Qef’

A L)
& & ¢
2024 yx o~ _x1 o.x X o *Chlordphyll a x:"xy_x] 5QD.xx {x :1]

S T ox Yy L X xsXpo x sy TR AATAx L x T e 4 X s x ] ) x ] ox ]
S ROF x0T sS40 x5 % A% 1T x4 %X
Figure B50: Average chlorophydlon exposed (blue) and caged (red) settlement datbe Nature
Reserve in 2024Each point represents one month (calculated as an average of three plates

submerged in the sea for two months). Top the lagoon, middlei at 5 meters depth, bottoni at
20 meters.

Tvs o 4 7i xsX ] 4 issp xR TX gxL X XsyTs s, Xp{ s

~ . . ”
~

87



s 7 S

sC . 4x2023cxsds) {6 x.s - L1209 %
FY S T 28y KNS X 4B a0 ) W R Q2R TX(X A, S
,on X 4 x b, s s 2201 7B, X41x0 X
Poxo b, x> b Xy p 31X s XS XY o] X o™,
I T T wr 4 SR o X H® 7 T s ] x
T B sy )l T X L X 1. X o ix Loss £41 4, 404
R T U B B
0 Il\lRTLagoon
35 60
30
£ 20
5]
_—S- 15
10
5
Lan L3n_Lan L3n 2an tan Lo tan Lo tan 2an tan Lo tan Lan tan o 13,
SN S PN N NN NN IS S SR RIS S
m Caged m Exposed
NR5mM
25 -
20 -
O 15 -
D
£
® 10 -
~
O
5 4
0
L Lap 23p Lan Jap 2ap Lap 2an Lo Jan Lap Lan Lan Lan Lan an Lan 2,
S AN PN N SN N N NN S NN R
m Caged m Exposed
NR20m
10 -
8 4
o
(o)}
E
3 4
ey
O
2
0
Sy S L3, Lan o Lo San Lo o Son San Lon Lo L Sy Lo 3 I
OO I T T I I T I T T SIS,
m Caged H Exposed
2007 _ . Y XL xT . X __Chloroph§lixaL 1 ¥ _ ] BAYXX_{xe 1 x

2Ot X

$4 4095, + 4% 17

X 4 J % s "X YL ¥ L x X xs

~

Figure B51: Average chlorophydlon exposed and caged settlement platése Nature Reserve
since 2007Each point represents one month. Toj the lagoon, middlei at 5 meters depth,
bottom i at 20 meters.

88



s " Xy L s pouow X s 44 . oL S x5:2,,sx:-|
Figure B52: An exposed algae settlement plate from the lagoon

” ~ S LSAl)i':Iv‘s{x”\:‘-x :Xx-l -I X0~ LXI-IY L

_5(3,,x-|\) 4" x S Dx "oxo, | 1><yAL-|Aystx>§|-|[~>é1_>‘(l)b(

~ ~

S L] s I qs cox X4 {s DX (. s

~

Average Annual Benthic Algae
Potential [mg_Chkh /cn¥]

. _
P . R =0.6978

100 300 500 700 900
Mixing depth [m]
fv 14, X7 x4 Xs  Tx | s x RIS SZ*X53~ x A

D X X

a N

Figure B53: The annual average potentlal benthic algae growth on the reef slopes across the Ul
versus the mixing depth, since 2004ars of deep mixing are marked.

89

AN
~ v

CX 2008 X R X, BV X



S A A o
(1 + A s "1 x ] ] X L 4yl s 1. « I L S
, .

s 1
FAY X s o x o T x X w4 s

x 14
XX s K20 X7 R0 0SS s, x s, D0 Xy
DX 200 s A S s | rx s T g0 x Ts gt
T
o b e x e e 4 s 2008 LYk o Lx L, o x T T4
20207 L1SX wd.ia X x4 S BR  fo 4xesX 1l 4x”.

~ a o v A

T I " TR R S X I % %X 1. 0« PosoX oo X 1Y ox

. .o L <
15105 +4«IUy _ =x(_ s2g105%~ rNR ™ S x _ 250 20"« Ssu _

b4 ANRLIO, S v 8 X X _NR7 San XX XTSSUKXSR XK s b {1

|.-| x| s
X oox X L L R S U 2QPp4s s s TS
2097 s 1 | x 14 7"s 4. Fd .1 T T I i

X A R T N N T T L S S L+« 2073x . " x

L, o rdylbs Lo x0T lxs 4yl S Y X X«
11 P4 730 xe 31 4y PR T N N e N A L
’L*x vx Zx11~s _|;~x -|”x~s { vy | . s”Ns s ,
61s” _s x " o 1s | Xx S o R B A R I A
s14_ o1 s A
s Khafafetal,(2003 - o 4~ x4 7 x X s, X JESS T 4 sx L4

) . B A1”‘ . .
DX DX e T T X200 B 0% U e AW s T K] ]
b4 x ] 20243 7., % "si, X 44 . x4 " x « _ Mbuillotet at (2014) _ X .~

L S { ¥ X | X &« % s 1 - s X 1 X {1 ., % 71X X 4 %

o o o ~ L:
S
y x4 0 820077 k4 ¥pldsT ysxox{] Lo x x L ] s X ox ] T
Do Xs T s A g X osq S o K v d 0
[ L S qf

Benthic, Benthepelagic, Pelagic

i (Schooling s « st oI xY
Solitary/Pair (sol/Pair), Small Group-@), M Group (2660), L Group (>50)

Ts ” x ¢ .
HerbivorousDetritivorous: turf or filamentous algae, and/or undefined organic mateifidY)
Invertivorous- Sessiles: sessilavertebrates (corals, sponges, ascidians) (IS)
Invertivorous- Mobiles: crustaceans etc (IM)
Planktorivorous: feeding on small particles in the water column (PK)
Piscivorous: fish and cephalopodiCj
Omnivorous: both animal and vegetal material (OM)

90



A0 @PMWM23x 14" s 17 107 )¢ 45174 Iss sq{.{.
SUeH L =X ATy A x X ox o s 34T
s s I 41 . 3 - X I , Xos 8 X & X )iC ('Z,,z(x,,-|v-|””vs |_Z~x X, X |
4 X, q . =)X»>‘ W
1. 47 1 Ho Xss,s 477 Fidd S« il xpd ¥X o o xs ]y 1S
X X X L ] X ( s , ”“v:vs’-|)A wprX<¥Sq{ 1 48” J:xl~.| 1 44 le .|sv X x X |
LS ox T v d T xS
T x (AT x 0 ox o, <) P {1 s N U T S S
. X ovoL x”vx7vsA(>s‘,, ”ijs _|V,,-|xv\><)’|_'xvy-|l 'xAx‘,, X
/AT A o A e xes p T s DL Dol 40 4
1. X x ot F1_S box 17 1x v 4yl s i, ., s
Lo X o X8 X I s . X ]
oS X s os s ]X YD s Yd IR B LS
1., ., "s 4y ls o T T e e S N A S |
R s => i:xvj ,,FA1sy><Ist|_ny X |
1 L1+« _s 1, - s 4" s e A ks syl 47 ] x x|
X,_q(vaISIXSLJx\ s F 1Y X L « S :xXNXV X, ” [T
o X o qd .8
(s ¢ 1vx 1 x s . Belttranseéts_, S 4 X)) IS, 41472517 s 1 4 |
sxloq b oox4 .. x  Belfanse&dt- "d4si. X v WX 4 IXNC¥ s 44 X L«
e 4L x 1 |--|¥-H.Y'~‘L”~v5k-H J"’Y"O¥1-°‘JX o Xox T x
xy 41 s A0"0 X 4 Lo XU 1 ¢ )‘lZISILI A (ﬁ'ranéiéntfisbl
« X rypticfishf 5 H X e K T Juixx o X XX B LE BT B M SR
2 P Y S R RETARS 21 (R B ,v>6|>>§1v’i,\;|’50|4v,xﬁlx%'|><,,>‘ S X .
s | ] s x S { vy | X o X ] . X [T I S ’Z
’ - ,y;X X« :-l:\S“YS|LJS>YLX~X :-|vvv'|s-|)s\
.S :|XVAX oo LS F 1yl s P17 O x| ]~ ’Vs"~-|
. Qaesionidae Atherinidae-s L U R S A R IR R S B A
x4 x e 47 e =XXYV L. o+ 7xi 4900 AN
U R S B T A T L s s TP LT s s
1y | S Lo XX (.IS, 7T x s K 1)s e A I sxbyd (THSL” |
95%L~ 1o, > 1xx., +4¥Y .4
© x 1 Multivariaté analysgs  ~ { " © _ _ O T R S B B
1~ * « s {Brayi Cuttis dissimiarity inélex |, Jits o4 X oy
e oos |-1Y'|-$X7|4’3153"’|5-|"|:i S, X¥ds s 7
Analyses Of Varlanc)aANOVA 171>
X Il’ix){x~x'|k-|p’-|~\§lxé6,énme$ :::‘XS|"'X-|-|’5(-|)4~JX’< =xxyv
" 1 x 11 .~ + 17 €hfoetal 2014 ShanrbAwienkr Inge} I~ xxx ¥ | k1 § * 74 s
Yx”l_lls-|\ . X ;3{,-]’1xd>A(xM>§x,>,<~xA LASVVX S
x~ sI.|v>< Fdox s Fd 74 s oL :¥||2’QQ6‘|‘|V Il
_(=xxyv|_ =x”‘~ IIV Lo 4,,A X X
* ox cXoos Xl xes 0 X v 4T s LX)
Co(erage; Chao &ost. 2012 4 _ v | _ s { x
DX v . X
"q X8 Is{XXX] ST s Xx oy A xTH{4 ¥ s T 4 X 4 44« s
« 4 xx R T T B B SR R U S R B B S B
S X XX LY X v PR exxoop o mdd AR XXX v d T F X

91



CX T E XX T s X gyl s CTLENISTR X B X 4 X X xyXIls XL )%, ]
DX X T X Y X S ISXIX T K] XS s
XpoXoyx{olh o LR T 240V, 17 4@ 1S x] cox 44 s 40 X v .«

20 U X 2L IRR DT s 4 L s X1 x p{y s
S « X X s X s " { s s 1 1 x - s X v oo X ~ 3+ , I, ’
X 7 X S X q A S =1>< S « X X S , X XL oXx , S I 7 s S

X Lx o b T S Xy sy 4 X

v

P s HRTEL N UZE muso&)omle b X IRTIBE oy | x o |
P DL 7-0 o@K 18y X e x syl 8:3RBEBI. A3 Xk LS 14 X x

o bxx oo liy 3 Tra 41X 400 X« 1T Rheriniag-sc 11,
Sl ox Dk x L T oS 9T LAl T vy X L ke vxd, s x
IS IR T B NF ) [ S B 2P 22 ) D O O S
Yyl s :XlUU5+=:A‘>'( ,,xss“xészv =>x\>< .o X ] X s 1 x
10IUI15|--|n5ﬂan.{~) P v S L L s X , X T X,
s 4L I v ¥y s..s F'|":‘-S Ll L.  _NRZENRS X | & X
]« = x ] S 1. 1 <X . . .o XA S s x Xy o]yl X .|

4 ~ ~ ~ > >

s " {s v~ S 1A Fls " s Flossoes Ll OBV s LX) s

TableB8: Sample size, number of fish (individuals) observed, and results of the old survey method
(water volume + time) in all surveyed sites.

Old survey method
IUI'5 1UI 10 IUI 15 NR 5 NR 10 NR 20 Eilat
Number of sumpling units 11 10 10 9 10 11 61
Number of fish observed at this site 374 943 772 703 1073 1192 5057
Average fish density per samplingunitf 34 N p94&. 3 K 7376..29 K| 7187..13 N 19x. 8 [\ o781..42 [N8 34.22 3N
Average corals per sampling unit 4.5 15.38 N| 26..62 N| 119 N B.74 4 N|26.78 N
Average of percentage of inhabited corast . 1 K| 6215..27 K| 3194..74 N 4273..65 N| 6242..12 K| 3112..41 K| 4192..73 N
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FigureB54: Number of fish per sampling ur(iold methodkat the surveyed sites since P02
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TableBO: Average occurrence per sampllng unit of fish famllles observed at the Eilat reef sites using

Mean fish number per sampling unit
(x95% confidence interval of the mean)

Family Habitat [ IUI5m | IUI20m| IUI15m| NR5m | NR10m| NR 20 m
Blenniidae/Gobiidae 15+05 | 1.7+05| 17+04 | 23+06 | 43+1.1 | 2.8+0.8
Mullidae 3.5+£0.8 2.4+0.4 1.9+04 1.6+0.5 1.7+0.7 0.7+0.3
Pinguipedidae o) 0.3+0.1 0.1+0.1 0.3+0.1
Pseudochromidae E 1+0.3 1.5+02 | 26+02 | 1.9+04 | 06+0.1 | 13.6+2.3
Scorpaenidae 3 02+01 | 01£0.1
Synodontidae 0.1+0.1| 02+0.1 | 03%0.1 0.1+0.1
Ostraciidae 0.3+0.1 02+0.1 | 0302 | 01+0.1
Tetraodonitidae 0.1+0.1 0.1+0.1
Acanthuridae 3+2.1 41+23 | 32+17 | 42+09 | 14+11 | 62+14
Apogonidae 0.1+0.2 0.1+0.2 0.2+0.2
Balistidae © 0.4+0.3 0.5+£0.3 1+04 0.2+0.2 0.6 £0.3 0.5+0.3
Chaetodontidae 2 21+04 | 1.2+03 | 28+07 | 21+04 | 13+05 | 2.1+0.6
Labridae g_ 44+06 | 13.7+3.8| 1565+25 5+1 3+13 128+7.4
Lethrinidae _é 0.1+01 | 01+0.1| 02+01 | 03+02| 02+0.1| 0504
Pomacanthidae % 04+01| 08+02 | 06+0.2 | 0.2+0.1 0 0.6+0.1
Pomacentridae m 13.8+1.7| 34.2+6.3 23.6x2 49.4+9.8| 75.3+16.6|] 26.9+3.6
Scaridae 1.8+£04 1.5+04 25+0.4 2.6+0.3 1.6+0.4 2.7+0.6
Serranidae 1+0.2 25.3+57| 12+2.8 43+09 | 147+56| 26.5+5.6
Siganidae 0.2+0.1 0.7+0.3 0.1+0.1 0.2+0.1 0.3+0.1
Atherinidae . 51+40.8 | 70%67.5 0.0 20 + 25 0

. Pelagic

Caesionidae 59+39 84+4 28+1.7 2+1.9 109+6
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FigureB55: Fish community by families on the surveyed sites accordlng to the old n{étinaitles
with <1 fish per sampling unit are not shown.
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TableBlO Sample size, number of fish (individuals) observed, and results of survey utilizing the new
method at the Eilat reef sites

New survey method

IUI'5 IUI'10 | IUI15 NR 5 NR 10 NR 20 Eilat
Number of transects 10 10 10 9 11 11 61
Total ni surveyed for pelagic species 1000 1000 1000 900 1100 1100 6100
Total mi surveyed for cryptic species 500 500 500 450 550 550 3050
Number of fish observed at this site 1179 2350 2415 3576 4166 1975 15661
Averagefishdensitype?m 1.9 N 9.9 N3.a N®&@.% N 8.8 N[2259 N 4.4 N
Percentage of juveniles fish from total communitg RN [1232 N |124 RN|84 N |[183 N 149 N 127 N
Average coral density pe? m 0.6 No.2 .72 N ®.® N 0.5 N|0.16 N[ 0.6 K
Average of percentage of inhabitedcorals |43.8 RN6&. R [977.8 |[N58 N |768. 9 N %7 3N |85 2. 4
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according to the new method
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TableB1L: Average occurrence of fish families observed per m2 at the Eilat reef sites surveyed

L x g s

New survey method: mean fish number pe? m
(£95% confidence interval of the mean)
Family Habitat [UI 5 m|1UlI 10 m{ IUI 15 m NR 5 m|NR 10 m NR 20 n{
Blenniidae/Gobiidae 0.1 +0.09/0.08 + 0.070.09 + 0.0% 0.2+0.1| 0.3 +0.13/0.22 + 0.0
Mullidae 0.04 £ 0.020.03 + 0.030.04 + 0.010.03 + 0.020.04 £ 0.020.04 + 0.04
Pinguipedidae E 0.02 +0.01
Pseudochromidae g 0.06 + 0.040.17 + 0.07 0.3 + 0.14/0.21 + 0.080.09 + 0.070.55 + 0.1
Synodontidae o0 0.02 £0.010.03 + 0.030.02 + 0.020.03 + 0.020.01 + 0.010.01 £ 0.0
Syngnathidae 0.02 +0.02
Ostraciidae 0.01+0.01 0.01+0.01
Acanthuridae 0.11 £0.04 0.1 £ 0.05/0.06 + 0.030.18 + 0.070.05 £ 0.030.04 £ 0.01
Apogonidae 0.02 +£0.02 0.01 + 0.0]
Balistidae I3} 0.02 £0.010.02 + 0.020.02 + 0.010.01 + 0.010.02 £ 0.010.01 £ 0.0
Chaetodontidae 'Q 0.01 +0.010.02 + 0.020.05 + 0.020.07 + 0.030.03 + 0.010.02 + 0.0
Labridae g 0.07 £ 0.030.17 £ 0.130.47 + 0.360.46 + 0.190.18 + 0.19 0.2 + 0.15
Lethrinidae _é 0.01 +0.010.01 + 0.01
Pomacanthidae ‘qc'; 0.01+0.01 0.01 +0.010.01 +0.01 0.03 + 0.04
Pomacentridae M [1.16+0.522.49 + 1.072.24 + 0.585.26 + 1.97 5.8 + 2.41{1.18 + 0.4
Scaridae 0.03 +£0.020.03 + 0.020.03 + 0.02 0.2 £ 0.09/0.05 + 0.040.02 £ 0.0
Serranidae 0.07 + 0.080.53 + 0.480.43 + 0.250.17 + 0.150.23 + 0.280.49 + 0.4
Siganidae 0.01+0.01 0.01+0.010.01 + 0.02
Atherinidae .10.1+0.23
— Pelagiqg
Caesionidae 0.01 £0.020.02 + 0.030.05 + 0.0¢ 0.05 £ 0.04
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TableB3: Average occurrence (per m2) of the most common fish species observed at the Eilat reef
sites surveyed this yeasingthe new belt transect method

New survey method- mean density (Individualémg  copz /L0 2F Yzaid O02YYRy aL180

Species Hebrew name Ul 5 Ul 10 Ul 15 NR 5 NR 10 NR 20 Eilat
Pomacentridae |Chromis viridis “wewrdi4 %] 012+0.23] 0.7+0.58| 0.64 +0.53| 3.37 +1.88| 4.39 + 2.51| 0.05+0.09| 1.54 +0.35
Pomacentridae |Dascyllus marginatus FHX S DX 1| 0.4+0.17 | 0.97 £0.25| 0.93+0.21| 0.26 +0.15| 0.6 +0.21| 0.54 + 0.42| 0.62 + 0.09
Pomacentridae |Pomacentrus trichourus X" > 7% | 0.46 £0.21| 0.66 +0.24| 0.56 +0.22| 0.83+0.18| 0.4+0.21| 0.5+0.14 | 0.56 + 0.07
Serranidae Pseudanthias squamipinnis X k174 | 0.06+0.08] 0.51+0.48] 0.4+0.25| 0.02+0.05| 0.21+0.27| 0.38 + 0.42| 0.27 + 0.09
Pomacentridae |Chromis dimidiata S ¥ 14 x| 0.07+0.04 0.26+0.38] 0.01+0.02| 0.7+0.13 | 0.03 +0.08| 0.05+0.05| 0.17 +0.04
Labridae Paracheilinus octotaenia |+4,, = : : ¥ s| 0.02+0.03| 0.14 +0.13| 0.39 + 0.37 0+0 0.12+0.2| 0.09 £ 0.11| 0.13 +0.05
PseudochromidagPseudochromis fridmani ~ 4, % *.] 0.02+0.02| 0.05+0.04| 0.14 +0.07| 0.08 + 0.04| 0.02 +0.02| 0.38 +0.11| 0.12 + 0.02
PseudochromidagPseudochromis springeri ~¥"4 4% *.] 0.01+0.01] 0.11 +0.04| 0.14 +0.07| 0.11 +0.05| 0.05+0.05| 0.15+0.06| 0.1+0.02
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FigureB61: Individual based (top) and sample base (bottom) rarefaction curves for species richness at
the surveyed sites, according to the new survey method
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FigureB62: Rényi diversity profiles for reef fish communities at the surveyed sites
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Figure C2: Top, pH values measured this year at the coastal stations. Bottom, Monthly pH values at
all coastal water monitoring stations since October 2006
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Figure C4: Top, concentrations of total oxidized nitrogen (TON, nitrate+nitrite) measured this year at
the monitoring coastal stations. Bottom, monthly TON concentrations at the coastal water sampling
stations since 2004
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FigureC5: Top, ammonia (NH4) concentrations measured this year at the monitoring coastal stations.
Bottom, monthly ammonia concentrations at the coastal water sampling stations since 2004
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FigureC6: Top, phosphate (PO4) concentrations measured this year at the monitoring coastal stations.
Bottom, monthly phosphate concentrations at the coastal water sampling stations since 2004
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FigureC7: Top, silicate (Si(OH) concentrations measured this year at the monltorlng coastal
stations. Bottom, monthly silicate concentrations at the coastal water sampling stations since 2004
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FigureC8 : Top, dissolved oxygen concentrations meas
Farmsod monitoring stations. Bott om, mont hly oxyg
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