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Table Al: Activities of the monitoring program and their frequency.
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Figure Al: Location of monitoring sites.See also map G.1lin Appendix 1.
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English Abstract, - 1 v ¥ 4~ * .~ 1 .

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

Scientific report2 0 2 3

Dr. Yonathan Shaked, Program Manager
Prof. MaozFine, Scientific Director
(April, 2024)

Introduction

This report describes the work and results of I akdtional Monitoring Prograrm the
Gulf of Agaba Eilat) T NMP T in the yearR023. It is divided into chapters according to
habitats and the methods pelimyed Each chapter includes a short description of the methods
used, a detailed description of the results including data and figures and a discussion of the
findings. A comprehensive description of the methods used is given in the NM& ann
scientific report of 2003. While most of the text in thisartps in Hebrew, allifjures and
figure captionsre given in English.

The NMP has been operating since 2004, collecting continuousylasing
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 predaptstate of the reef
with historical premonitoring,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 aréntroducedn the respective annual reports of theitiation year.

Among the new measurements implemented or resumed this year, are DIC profiles at
Station A. These were measured in the previous year by Prof. E. Wurgaft, RIP and G.
Edvardson of the Open University and the Hebrew University and this year measurements
wereassumed by Dr. Gilad Antler of Ben Gurion University. DIC measurements are still
somewhat patchy but are now being done consistently during the NMP monthly cruises.
Primary Productivity at the upper 100 meters of the water column were measured
intermittenty together with Prof. E. Rahav and T. Reich of Israel Oceanographic and
Limnological Research). Measurement of cell counts for-plogoplankton were resumed
this year, by Dr. Nina Kamennaya of Ben Gurion University from sample collected during
the montly NMP cruises.

In addition, we have placed sensors for surface currents and waves near the 1Ul (southern
coast of Eilat) and these are beginning to characterize water movements at that location.

On the other hand, analyses of photos from permanent-pliesowere discontinued as
we search for a better method that will match the predantechnology. Photos at the
permanent sites were taken and will be available for future analyses if required.

TheNMP reports are available through tR®IP page in thaul web-site: http://iui-
eilat.ac.il/. A database that includdata collected bthe NMP since 2004 is available for
public downloadrom the NMP page. This database is currently being upgraded for better
availability and accessibility.

For questions or comments please contanaithan.s@mail.huji.ac.il
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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 s
reefs of Eilat and most damage occurred in the shallow reefs. Following the storm, the
average live coralcoveratH at 6 s f or er e e f-20&L) butengsheldst c | i n e

two years (20222023) the average coral cover in Eilat increased. Coral cover this
year was 24.4+3.9%, higher than the previous year and close to the 2@&idrpre

value (24.9+46%). Colony density was also higher this year relative to the previous
two years51.9+5.5 colonies per square meter.

Coral cover at the redfat site also decreased following the storm and here too an
increase was measured in the last two years, but it is still lower than tb@pre

value (19.11.5% and22.5+2.9 this year and in 2019, respectiyely

Live coral cover in Eilat is higher than it was in the initial years of monitoring, but it

is not yet clear whether the last two years signify a recovery trend following the storm
damage of 2020.

2. Size of stony coral colonié¢sThe characteristic size of coral colonies varies between
monitored sites. At the IUI site the fraction of small colonies is largest whereas at the
shallow NR site it is smallest and large and huge colonies are more common there
than at other sites.

Over the years, a decrease in the fraction of small colonies and an increase in that of
medium and large colonies is documented, but this has stabilized in over the past few
years.This year, for the first time in five years, we find an increase in the density of
small coral colonies. Since most of the colonies in Eilat are of the small size class, an
increase in the overall density of corals was measured, as noted above.

3. Coral diversityi The ShanotWiener diversity index used for estimating coral
diversity at the reefs of Eiladjsplays small, indeterminate, fluctuations between
years. Coral diversity at shallow sites is generally lower than at deeper sites. This year
we calcul at ed t heecii@ hrtezportential gansformatioreof of s p
the Shanon index that amounts to the evelgyributed number of species that would
result in the derived value and thus provides a more universal and meaningful
measure of idersity. A time series of this index over the monitored period displays a
slight increase in the average coral diversity in Eilat. These findings are corroborated
by Rarefaction curves and the expected number of coral taxa per 1,500 random
individuals, dsplay a similar picture of small fluctuations.

4. Algae blooms In the previous year, deep mixing of the water column produced
sustained strong algal blooms, both phytoplankton and benthic, that lasted through
March and April into May. Mixing this year was not deep and, accordingly, algae
blooms on the shallow seafioat the monitored reef sites was much smaller and
occurred only in the early winter. At all monitored sites it seems that grazing is
efficient enough to moderate benthic algae growth.

5. The coral reserve lagodnin recent years a considerable decrease in coral density
was noted at the Nature Reserve lagoon. This year average coral density was smaller
than 1 colony per square meter (0.96), the lowest value measured by the monitoring
program and a dramatic decrefsen the 2.32/rAmeasured in 201 Environmental
conditions at the lagoon are harsh and so it is dominated by a small number of coral

15



taxa and coral diversity is low. The dominant coral at the nature reserve lagoon over
the years iStylophora pistillatabut it is also the coral most affected by storms. In
therecentyeas the fire coraMillepora was the most abundant at the lagoon but it too
is declining

6. 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
seem to grow better. At the 1UI site, and perhap&asta too, spat growth over the
season is less regulaimplying, perhaps, that settler survivorship is Iesscessful. Having
said that, the monitored period is not yet long enough to draw firm conclusions.

7. Sea urching 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 urchiadensity is declining since 2016 and over the past few years,
urchins density has decreased dramatically despite the deep mixing of 2022. Early this
year mass mortality of urchins occurred in Eilat, affecingetosunas well as
Tripneustesi r chins and only few individuals wer.
The urchirs population in Eilat is currently ominously small and recovery may be
very slowi if at all.

8. Reeffishi Fish surveys are conducted since 2007, although there have been some
modifications and new sites were added in recent years. The fish community in Eilat
(Nature Reserve and IUI sites) seems stable in composition, diversity and size, with
fluctuations baween years that are likely caused by incidental passing of fish schools
during the survey rather than actual changes. Fish communities between the sites and
depths surveyed are not significantly different.

CoastalEnvirons

9. Nutrient concentrations in coastal watérSoncentration®f nutrientsarecommonly
high during winter and very low during summer. The process that did¢tedes
dynamicss the seasonal mixingriven by cooling of the sea surface in wintehjch
brings nutrientrich deep waters to shallow coastal aréashe previous yedg2022)
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 ensued. This year, the water column was mixed to a shallower ~400m depth
andnutrient concentrations were much lower. Maximal chloropagibncentration at
the Open Sea sampling station vagproximately half of that measured in the
previous yeatr.
Within the coastal monitoring, irregular concentrations are those that are notably
different than those measured at other staficensd particularly the Open Sea station
i 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 frequent, particularly in the northern sampling stations. Nevertheless, this year
was characterized by low concentrations and even the anomalies were low compared
with the previous year.

10.Sea surface temperatuie3 hi s year 6s annual average SST
monitoring campaign was higher than the previous year, but still lower than the multi
annual trend line. However, it is obvious that the warming SST trend continues, and
in these measurements amauttt ca. 0.5 degree per decade.

11.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
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back to fAnor mal 0, si mi-202lrThereare usouatly moel ues f
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 apdtial
temporal variations.

12.Benthic foraminiferd Deformed benthic foraminifera were first fouatlseveral of
the soft sediment seafloor sampling stations at the northern beach (previous location
of aquaculture cages) in 2020 and were later found at other stations as well. The
presence of deformed specimen may indicate contaminated sedimentssamgblies
from the eastermost station (previous location of fish cages and across from the
Kinet Channel) elevated metal concentrations were found. This year, deformed
specimens were nédund at any sampled location. These findings support the
hypothesis that contaminated sediments were exposed by the 2020 southern storm.

13. Seayrassat the northern and southern beadh&gagrass surveys are conducted in
winter and in summer and a marked difference was found between seasons.
Generally, sea grass cover is denser during the summer.
In 2020a strong southern storm occurred between the seasonal surveyshaend
summer only a sparse cover remained at both monitored sites and all 8ejpilrass
cover recovered since then and this year cover at the northern beach was higher than
previous year and at the southern beach it was lower. It seems that at the northern site
seagrass cover diminishes at depths greater than 20 meters whdreaoattern
site it is denser at these depths. Seagrass cover at the southern site is less stable and
disappeared at depths 10 meters and shallower.

The deep water column

14.Vertical mixingi This year, the water column mixed to an intermediate depth of ~400
meters.

In the previous year, mixing of the water column reached deeper than the seafloor at
thesampling station (Statiof,, 730 meters) for the first time since 2012. That was

the longest interval between deep mixing events on record and a strong phytoplankton
bloom ensued for several months, coupled with decreased nutrient concentrations in
the deep waters.

15. Concentrations of oxygen and nutrients in the deep wafEng water column was
deeply mixed in the previous year and concentrations of nutrients decreased in the
deep waters, while oxygen concentrations
intermediate mixing depth, nutrients started accumulating in waters deepdOtha
meters’ and at a higher rate than expected only one year after deep mixing, as
compared to the years following the deep mixing of 2012.

Mixing duration was short in the previous year and so peralgsarelatively small
amount of nutrients left the Gulf through the Straits at the salgbe that is why
phytoplankton blooms were so extended and nutrient accumulation in the deep water
so rapid, but maybe nutrient input to the northern gulf has increased in recent years.
Converselyperhapgherean effect of internal waves and lateral transport.

16. Chlorophylla 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. Even considering the amount of
integrated chlorophyla at depths of 60 to 100 meters during the summer season, to
reduce seasonal effects, a risirgnt emerges. It appears tohtorophyli
concentrations are not driven only by vertical mixing and changes in salinity at the
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end of the mixing season may indicate water intrusion that is, perhaps, associated with
high chlorophyllconcentrations.

17.Deepwater temperaturésThe temperature in the deep waters, and especially deeper
than 500 meters, continues to rise. In deeggping winters temperature at depth
commonly dropped slightly, but that did not happen following 2012 and 2022 deep
mixing. A sustained overall trend a$ing temperatures at depth is apparent.

18. Zooplanktori 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. relative to the past few years but lower than the high values of
February 2016. This suggests that the duration and intensity of mixing may also play
a role. In the previayear, peak concentration occurred in June and this year it was
earlier as is more common.

19. Primary productivityi This year measurements of primary productivity continued, in
collaboration with Prof. E. Rahav and T. Reich, of IOLR, but an irregular and low
temporal resolution. Variations in productivity are large and rapid during winter and it
is likely that our masurements are not sufficient to capture these details. During
summer, on the other hand, variations are smaller, and the system is in an
Aol i gotrophico state. Therefore, summer p
recognizing log-term patterns. It seems that summer productivity in the years 2010
2023 is rather uniform, with highest values in 2016, but still, there may be a slight
increase in summer productivity over the years.

Supplementary continuous measurements

20. 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 summer. This year, peak
chlorophyll concentrations were measured early, in early March, and was higher than
most measurements from other ygeaf that period. It was the highest concentration
measured by the monitoring program other than in deep mixing years. Despite that,
during most of the year chlorophyl concentrations were lower than theanaliial
average and the peak concentration vimmihalf that of the previous year, in which
mixing was deep.

21.Sea surface temperatures next to Eilat's coraldedy measurement) Throughout
the year, SST measured daily next to the Underwater Observatory and the nature
reserve reef was higher than the mahnual average. At first, the difference was
small but from mielJuly to midAugust SST was ~1.5 degrees abtheaverage. The
rate of SST rise during that period was also among the fastest on record:
approximately 2 degrees per week. SST this summer was higher than the 90th
percentile of existing measurenteut not the highest recorded. Into winter SST
remained higher than average and overall, the annual average SST was approximately
half a degree higher than last year. Since the start of these measurements (in 1988, by
Prof. Amat zi a Glanerage®SST rises at an avehage raaeroi~0.24
degrees per decade and since 2004 at a rate of ~0.42 degrees per decade.

22.Meteorology(continuous measuremefitf hi s year 6 s meteor ol ogi c
were not extraordinary and included several southern storms events that were not
particularly strong. The ambient air temperatures recorded over the sea from the pier
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at the I Ul were higher than | ast yearoés b
the maximum and minimum values.
Sea conditions (continuous measuremeérithe minimal SST recorded at the Ul pier
this year was about half a degree higher than that measured in last year during the
deep mixing of the water columnl(2°C). Looking at the minimal annual
temperatures (coldest 5%, 18 days of every year) we find a continuous rise of the
minimal SSTs over the years.
The highest maximal SST on recos8IL.C°C, measured in 2021.
23.1n 2021 the NMP started collecting wave data. To our knowledge this is the only
(nearly) continuous wave measurement at the northern Gulf of Eilat. The data
collected to date allows characterization of the typical waves generated near the Ul
(southern she of Eilat) by northern winds significant wave height of up to 0.2
meters and maximum wave heights not larger than 0.5 meters. The record also
contains several southern storm events, though not particularly strong. This year, five
such events were rea@d with the highest significant wave a bit over 1 meter and the
highest maximal wave a little over2 metersi mi | ar to | ast yearos
24.1n the summer of the previous year, we placed a surface acoustic current meter next to
the 1UI pier. Measurements available so far reveal that the donduaetts are
parallel to shore, the southerly direction is more dominant than the northerly direction,
and that the strongest southerly currents are stronger than the strongest northerly
currents. Strong currents seem to be associated with peak highwatidels, with the
strongest currents on record reaching 0.5 meters/second in a southerly direction
parallel to the shore. A hypothetical water parcel that began its travel this summer
next to the 1UI would migrate about 500 meters to the south by thef ¢éimel year.
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Multi -annual variations and trends

The coral reefs of Eilat

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

During the initial years of monitoring (2068) average coral cover in Eilat was- 19

20%. In the intervabf 200712 average cover increased and fluctuated in the @nge
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 but in the last two years an increased average coral
cover was measured, and it now standz4ad\6.2%, close to the pratorm value.

Overall, live coral cover at most monitored sites is higher than it was at the initial

years of monitoring.

2. Stony coral density and sifeAverage coral density between all monitored sites
varies from year to year, although annual changes are small. The average coral
density measured this year is high, compared to the previous twoye&h&.5
colonies per square met@hroughout 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. This year, for
the first time in five years, an increase in the fraction of small colonies was recorded.

3. Live tissue index in stony corailsThis 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 coloniepossiblyreflects 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 ShariWiiener diversity index) reveals
a slight increase in coral diversity over the monitored period.

5. Sea urching The most important group of invertebrate reef grazers are the sea
urchins and the dominant sea urchin in Eilddisdema setosunThe density oD.
setosunfluctuates from year to year and dictates the abundance 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 in the initial monitoring years. Even
following the deegpvater column mixing of 2022 urchin population in Eilat did not
recover.

This year, mass mortality of urchins in Eilat was documented, likelt due to a
bacterial pathogen. In recent years urchin population in Eitahisously small and
recovery may be very slowif at all.

Coastal Environs
6. Nutrient concentrations in coastal watéfdutrient 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
individual sampling stations are found mostly in stratifetnmemonths.
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Abnormally high concentrations, indicating local nutrient enrichment, were common
until 2007 and became less so in later ygdosvever abnormally high
concentrations of nutrients, particularly at the northern samplirigrsdatire again
occasionally recordeith recent years

7. Benthic foraminifera in soft sediment at the former location of aquaculture cages
The benthic foraminifera community beneath the former aquaculture cages at the
northern shore of Eilat displays gradual recovery since 2008 @raln 2014). A
series of floods covered the sea floor at the site with terrigenous clay sediments during
the winter of 201213 and decimated the local foraminifera community. Recovery
following the floods wagonsiderablymore rapid than the recovery from the impact
of aquacultue cagesndicating a healthy habitat
Morphologically deformed individual foraminifera were first discovered following the
storm of 2020t the northern sampling station at the former location of fish cages and
opposite the Kinet outlet, perhaps indicating ongoing contamination of the sediments
at the site. In the following two years deformed individuals were discovered at other
sampling sations, but this year we did not find deformed foraminifera and that may
indicate that the contaminated sediment was diluted and dispersed by transport.

The deep sea water column

8. Concentrations of dissolved oxygen and nutriéntsie 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.

In the previous year mixing depth was greater than the water depth at the sampling
station (Station A, ~730 meters). Deep waters were mixed with the upper water
column, ending a decadeng cycle since the previous deep mixing in 2012. Oxygen
concentration at the deep waters rose and nutrient concentrations decreased after
fueling algal blooms at the photic zone. This year, oxygen began to decrease and
nutrients started to faccumulate in the deep watérat a higher rate than expected
when compared tde preceding deep mixing event of 2012.

9. Chlorophyltain the upper water layé&rDespite the large seasonal fluctuations, and
even considering the high values attributed to years of deep mixing, a trend of rising
Chlorophylta concentrations begins to emerge, where peak annual values are
sometimes measured during summer and not spring. It seen@htbedphylta
concentrations are affected by processes in addition to the seasonal mixing of the
water column.

10. Water temperature The temperature measured in the deep water was at a low in the
years 20072008 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 risingsksepater temperatures
continues. Arend ofrising sea surface temperatures in Eilstdocumented since
1988
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m.
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Figure B7: Average livestony coral cover at each site and thavevrage for all forereef sites, as
percent of total area.
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Figure B9: Averagedensity of stonycorals (colonies per squareneter) at each site and the
average for all forereef site.
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Table B2: Summary of cover data collected in line transects at the monitoring sitd3ata is 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,
ANormalizedo is for hard substrate.

w

Katzal0 Katza20 NR5 NR10 NR20 1UI5 IUI10 1UI15 Eilat

| Number of Transects 13 13 13 23 13 138 14 15 17 |
Stony coral [%] 26.1 27.6 44.5 9.5 33.6 16.6 16.5 19.4 24.2
stdev 6.3 6.7 16.7 5.1 12.3 5.0 6.6 6.6 11.2
SE 1.7 1.9 4.6 1.1 3.4 1.4 1.8 1.7 3.9
Ccv 0.2 0.2 0.4 0.5 0.4 0.3 0.4 0.3 2.2
Octocoral [%] 18.4 15.7 0.3 17 9.6 0.0 0.8 1.2 6.0
stdev 12.3 10.2 0.5 2.1 6.1 0.2 1.1 1.1 7.5
SE 3.4 2.8 0.1 0.4 1.7 0.0 0.3 0.3 2.7
CcVv 0.7 0.7 1.6 1.2 0.6 3.6 1.4 0.9 0.8
GRV+Sand [%] 30.8 32.2 20.1 78.2 37.3 30.7 52.1 61.3 42.8
stdev 12.9 13.6 12.0 12.1 15.0 16.7 9.0 10.2 194
SE 3.6 3.8 3.3 2.5 4.2 4.6 2.4 2.6 6.8
CcVv 0.4 0.4 0.6 0.2 0.4 0.5 0.2 0.2 2.2
Rock [%] 15.8 17.4 19.9 7.7 11.0 46.8 26.2 14.8 20.0
stdev 115 7.8 16.2 7.4 7.1 13.4 9.3 7.2 12.2
SE 3.2 2.2 4.5 15 2.0 3.7 2.5 1.9 4.3
CcVv 0.7 0.4 0.8 1.0 0.6 0.3 0.4 0.5 1.6
Dead Coral [%] 8.0 6.5 14.9 2.7 7.5 5.7 4.2 2.9 6.6
stdev 6.9 6.2 10.5 3.0 5.6 4.9 3.2 2.5 3.9
SE 1.9 1.7 2.9 0.6 1.5 14 0.9 0.6 1.4
CcVv 0.9 0.9 0.7 1.1 0.7 0.9 0.8 0.9 1.7
Norm. cover [%)] 39.3 41.7 55.4 48.2 52.7 24.4 34.4 514 435
stdev 12.1 10.4 16.2 18.5 10.0 55 11.1 14.0 10.5
SE 3.4 2.9 4.5 3.8 2.8 1.5 3.0 3.6 3.7
Ccv 0.3 0.2 0.3 0.4 0.2 0.2 0.3 0.3 4.1
Density [m?] 55.7 67.8 458 198 429 635 639 559 519
stdev 26.1 25.0 19.7 15.4 16.1 26.2 26.1 35.1 15.6
SE 7.2 6.9 55 3.2 4.5 7.3 7.0 9.1 55
Ccv 0.5 0.4 0.4 0.8 0.4 0.4 0.4 0.6 3.3
Norm. Density [m?] 86.0 106.4 57.6 104.6 77.5 915 1359 146.5 100.7
Stdev 46.9 55.0 22.3 76.1 41.6 34.0 55.0 85.5 29.5
SE 13.0 15.3 6.2 15.9 115 9.4 14.7 22.1 10.4
Ccv 0.5 0.5 0.4 0.7 0.5 0.4 0.4 0.6 3.4

38



F 1Y X Lo~ x X X
;1 V5-|" ”v X ’;’ 5>* 1w ! xy s X oX X . 1+ L X ] 4 x s Ns | v.
sl e AT L hx Yy 1 xx 1 b7 4 3G Y BB X k¥ L X
, by x e Doxexe oxe o L y3 90 xsyp X Ihys sy xS A
EoL X o« Lo X, T o SBLI0X . X XJd X oys 4x]IxX 42l % oL ¥ 9 S . X X I x X,
b4 s 1%, % s7qs =14 oL X, les Llxys
11 . xcuex [ pdYx s X X X Lol WX L S Y s
X 4 X x|y s Il x ylsx XZ-|x~"|x x=
x "1 . XXNX UL JJV - X x " s s 44 1 sv L XX . X
X W o, "s x " x X X Zyulanietal2008 4 5 « [ X 0 d L 11 %k 1~ - X
141« , s 11 _s > x1] x X 41 Toxoa 1 s ?
Lo o~ x " : X X . xN . 5 3 X . .|v s X , . "V'| x n S Ll xy s TS . X
1D(-x4~) 11_1
R P T X A4S p AKX S X gD WX X T X s L o x X
X T " x| Xpios, )F + ¥ X V” X+ S ooox X x% F 4Ly s XYoL s L
R X U -|1'|s><~s‘4_ =’1_“-|si -||_AI X y X . s | x x s S~ . X . X
LoLX X X s i x S S L
1aUl » 5« X L dales Lox WIS T EXT AN ST g Y X o Rs XX
ZVXAL s ¢ 809 * Xxx3<wx=v$x LS'QIWWGLZiXZ’:I“Xi\)fXLX‘,'l)
x1><5~|\[3<3vl P S e s ] X "s « {1 s ¥ ENR s ,,:xxvstx o Z,_\~>< .
s ”Ns Lo X X _|xv” 'x><~xv s L |_6_|9V.01}6:Zxx”x13‘\/s =‘s<>€<~,xlv><
F oY X L 55 . x:xx~xxsz\wg\|R=L1sJ“in<As’ s, x s
3 %] F X X S . = s s " . s X L, x 4 5-NR x,llyxsl 1S X SS ,,“x:vx~1s“ "
DooXx T s e X x { <" X X8 0] L x 4L, T4Isx ¥ (X
s ” S X" q s X X X
PX X Dxxxo s oDx 4. T4 T o gy, 1 s e T
) S - V X X p{Yx

39



Size frequency distribution2023

100

SR
90
.
80 T T
S 70 . = T
S 60 & T mH
S s
B 50 L
E 40
X4
a 30 - & _ .
20 i i = T s
10 & — i = =
0 = - [ - - _iE _m _Am -
/(3[2610/(3[2620/‘/@5 /VRJO /V/?QO /(//5 /(//10 /(//15 5//8[
—
Density by size clas023
70.0 —
60.0 T
50.0 ] | I
=
= 400 I 7| =H
2 T L
g 30.0 T
M
o
20.0 - = S
100 —f - " K - . 2
OO - - - 7_-— = — - - —n _-—
/r"fzazgka&e?g/vgs Vo1 Ray s Mgy Mgs G
—
5 ;58mall: ~ 18 s 4 L v 4Ll ys Lox 1l b qd. s I et X
cx o ox s v 4 $3*@Huge + § 3 BLarge> s L T 5 1; 1 8Medium> " |
A I T T T T TN S X Lo« X o bxy Doxooox X

ZvQlonietal.2008 1, ¢, ) *x~s 411 44 _* P xy T x.,
Figure B10: Size frequency distribution of coral colonies in the surveyed siteSize classes are:
Small<5 cm; 5 cm <Medium< 15 cm; 15 cm <Large< 30 cm; Huge>30 cm. Top, values are percent
of the total number of colonies of each size group at each site. Bottom, colony densities of each
size class at the monitored sites and the averaggall sites. Values are presented after correction
for the bias of size counts in line transects (Zvuloni et al., 2008).
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"Eilat" coral size fractions [%]
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Figure B11: Top: Changes in average relative size fraction abundanand density (per square
meter) by size clas®f Eilat coral colonies (corrected for transect based count bias) during the
monitored period. Bottom: Average coral density (per square meter) by size class in Eilat
calculated from transect count data and corrected for size bias. Size groups are: Small<5 cm; 5
cm <Medium< 15 cm; 15 cm <Large< 30 cm; Huge>30 cm.
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Figure B12: Live Tissue Index (LTI) for corals in the surveyed sitesThe LTI is the site average
of the percent area of live/healthy coral tissue for each livingolony.
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Figure B13: Changes inthe state ofcoral coloniesover time according to the averag@ercentage
of living coral tissue(LTI) from all sites over themonitored period.
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Figure B15: The ShannonWiener dlverS|ty index of coral taxa estimated this year for each site
by the Past softwarg(Hammer et al., 2001) The value for Eilat is calculated as the average of all
monitored sites.
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Figure B16: The ShannonWiener diversity index of coral taxa estimated for each site over time
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2001).
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Figure B17: The average effective number of species for stony corals at the Eilat reefs since 2004.
This is calculated from the ShanorWiener diversity index of coral taxa estimated by the
EstimateS software (Colwell, 2005) and starting 2022 by tHeast software (Hammer et al., 2001).
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Figure B18: Rarefaction curves of taxa richness based on colony counts, calculated for each site
with the Past software (Hammer et al., 2001).
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Figure B20: The expected number of stony coral taxa per 1000 and per 1500 random coral
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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 monitored areand their average
cover in each site as a percent of the total transect lengtt each site.

Katza Katza Eilat

10 20 NR5 NR10 NR20 IUI5 IUI10 IUI 15| (Average)
Acropora 50 25 47 12 96 19 20 48 4.38
Montipora 290 30 34 06 63 05 10 16 2.65
Stylophora 1.9 2.4 5.6 0.6 1.0 2.6 2.4 1.6 2.33
Goniastrea 28 16 79 11 05 25 04 03 2.23
Echinopora 24 25 55 03 32 02 02 04 1.86
Lobophyllia 02 03 95 00 11 0 0 0.0 0.93
Cyphastrea 1.1 09 14 03 30 18 16 05 0.91
Dipsastraea 12 10 03 10 1.4 28 1.7 10 0.83

Paramontastraea) og 29 02 02 12 02 06 10 0.75

Porites 07 13 08 06 21 00 04 10 0.73
Favites 08 10 01 03 11 11 08 09 0.71
Leptastrea 09 14 03 03 00 02 02 04 0.44
Mycedium 10 02 22 0 0.1 0 0 0.1 0.42
Pocillopora 0 03 03 07 02 02 08 11 0.37
Gyrosmilia 0 0.2 0 01 01 0 04 26 0.37
Pavona 05 20 00 00 05 00 0 0.0 0.29
Millepora 0.0 0.2 0.1 0.1 0.2 0.9 1.1 0.5 0.25
Platygyra 06 02 04 03 02 08 03 01 0.25
Astreopora 0.3 0.2 0.5 0.4 0.6 0 0.2 0.0 0.20
Plesiastrea 03 01 02 05 01 02 05 00 0.20
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Figure B22: 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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Reefflat Coral Cover and Density
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Figure B23: Percent cover of live corals and denS|ty of coral colonies on the reef table since
2007.
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Number of Genera encountered
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Richness of Stony Corals at Reef Flat
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Figure B24: The number of coral genera encountered at the Reef Flat monitoring surveys.
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53



Table B4: The most abundant stonf corals (be cover percentage) at the reef table an

reef sites.
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X
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{1 . 1« XX

Rank Reef Table Fore-Reef
1 Platygyra Acropora
2 Dipsastraea Montipora
3 Acropora Stylophora
4 Millepora Goniastrea
5 Stylophora Echinopora
6 Favites Lobophyllia
7 Echinopora Cyphastrea
8 Goniastrea Dipsastraea
9 Hydnophora| Paramontastraea
10 Pocillopora Porites
11 | Acanthastrea Favites
12 Goniopora Leptastrea
13 Montipora Mycedium
14 Galaxea Pocillopora
15 Lobophyllia Gyrosmilia
16 Cyphastrea Pavona
17 Pavona Millepora
18 Porites Platygyra
19 Leptastrea Astreopora
20 Plesiastrea
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Figure B26: The percentage of |live <coral cover at th

surveyed forereef sites), in black, and the reefable site, in blue.The reettable monitoring site
displays large fluctuations,reflecting the high sensitivity of this habitat.
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Figure B29: 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 andverage density (colonies per square
meter) of the coral taxa found this year at the lagoon.

Species n Relative abundance [%)] n/m2

Millepora 30 30.6 0.29

Stylophora 27 27.6 0.26

Dipsastraea 14 14.3 0.14

Rhytisma 11 11.2 0.11

Platygyra 6 6.1 0.06

Sinularia 3 3.1 0.03

Montipora 2 2.0 0.02

Sarcophyton 2 2.0 0.02

Acropora 1 1.0 0.01

Favites 1 1.0 0.01

Pocillopora 1 1.0 0.01
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Shanon diversity Index (Past)
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Figure B31: Changes to theShannonW|ener diversity index of corals in the lagoon since 2004
estimated using the Past software (top), and the effective number of species calculated from it

(bottom).
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Figure B35: 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 Interuniversity site (bottom), throughout the examined period.
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the monitored sites.
IUI-5 1UI-10 NR-5 NR-10 Lagoon
Density Number | Density Number | Density Number | Density Number | Density Number
Diadema 0.05 5 0.005 1 0.00 3 1 0
Other Urchins 0.01 1 0.01 2 0.07 8 31 0.00 5 2
Total Urchins 0.0 6 6 0.01 5 3 0038 32 0.005 2
Starfish 0.01 1 0.015 3 0.00 3 1 0.003 1
Feather star 0.46 46 085 170 | 0523 209 | 0278 111
Sea Cucumber | 0.08 8 0.04 5 9 0.06 24 0.125 50
Basket Star 0 0.02 4 0.01 8 7 0.01 4
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. 1Ul Benthic Algae Settlement Plates
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since 2007Each point represents one month. Toj the lagoon, middlei at 5 meters depth, bottom
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Table B7: Sample size the number of fISh (|nd|V|duaIs) and coralsat the Eilat reef sites

surveyed this year.
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Table B8: Average occurrence (per sampling unit) of fish families and corals at the Eilat reef sites
surveyed this year.

Fish abundance at each site Mean fish number per sampling unit
(Total number of fish observed) 0p ppz O2yFARSYOS Ayl SN
Family Habitat | IUI5m [IUI 10 MIUI 15 M NR5mMNR10mNR 20 IUI5m| IUI10m | IUI15m| NR5m |[NR10n NR20m
Blenniidae/Gobiidae 28 34 135 84 45 131 |M ®H O |pMdinddip a1 Py @ pm P g H & p 8 P W& O {
Mullidae 55 74 56 19 39 27 |HP0O0p 0 PMOpHMY O p md 6 0 wdRy d W RO Y §
Pinguipedidae g 8 3 0 0 1 0 n ®o 6 |pmdvodg 1 M 0 0 0.0 0.0
Pseudochromidae 'GEJ 9 51 79 34 15 255 |n @ n 6 |pHndsvHO0R M @ B | dydRiT 6 RNGPTT AR MBI H)
Scorpaenidae M 0 0 2 0 1 0 0 0 nemopnemL 0.0 0.0
Synodontidae 15 3 1 2 4 6 n ®c 6 |pmndEvooOr m dnnd b m 4P d) 1 BPHVA) BNGPHHOOH
Tetraodonitidae/Diodonitidae 3 1 0 10 1 0 noemolp nOML 0 nopognedp(y 0
Acanthuridae 96 63 25 131 26 113 | 4(F13) | H®c 0 FmePpod f a1 4Pa d Fmadibc & pnNdepp o0y
Apogonidae 0 7 0 0 0 49 0.0 ndoogneOL 0.0 0.0 HOpM
Balistidae 28 8 11 10 26 37 [M®H S |pmndEopoOs m e & b m dPm d M dibHT &) s vndehpT G0
Chaetodontidae g 38 34 39 40 33 48 (M @ c 6 |pvndincoig My | Piepd 5 1 [@dPP 6 |pMdEoly
Labridae % 54 198 236 129 144 228 |H @0 0O |pymdEoHOORM MPIHYOd B @ P ¥ §cvdibet o0 pdy Evo o0y
Lethrinidae < 1 3 11 7 20 3 0 noemo gmape d pmapp d fndPdp a5y GOH
Ostraciidae é 5 3 4 4 1 0 N PH O |[pMdhvHOLR m W d pm P d g 1 OH U 0
Pomacanthidae E 4 9 5 15 4 23 |n ®H O |pmndEHOOR m o & f m 4Py d f /M dbHn &0 ndEde 0
Pomacentridae 237 532 578 731 604 772 |b P p O |FHaH dbch 1| 1 W 4P dopcasiheT Ay TMAp pddd I @ ¢h
Scaridae 37 33 49 57 33 38 [M®p O|pMdir oOR o P & 5 M 4Py b Op M P hO
Serranidae 63 525 489 153 179 668 |HPCc O|F MPTHO | MHPPHEH ®o 0 fYyC B RHTCAT 0]
Siganidae 20 7 78 9 6 1 n dy 6 |pndihoy iR a1 W & F p Pp & [{mdtu‘u')jg, no®ov
Atherinidae Pelagic 0 0 0 1000 0 0 0 0 0 50(#51.5) 0.0 0.0
Caesionidae 9 30 100 356 177 184 80 [M ®o 6 |pmHMEHCOOR M TPH WO B @ b 6 fYc BT &) popEPHHOO
Coral inahbited by fish 55 112 81 45 51 138 |H ® 0 O |pnndEbryd0R m 4P ihd F B dPrhd f H1debrT &0k pndepT GO
Coral without fish 89 78 60 82 38 105 [0 dT d R WD 6K oWy & p m 4o d fMdDdm &) GOF
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Figure B50: Fish community by families in the surveyed sitesTop, number of fish per sampllng
unit of the five most common families. Bottom, numberf fish per sampling unit of all other
observed families. Families with <1 fish per sampling unit are not shown.
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Figure B51: Fish community by families, excluding schooling species, in the surveyed sites.
Families with <1 fish per sampling unit are not shown.
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Table B9. The 20 rarest fishspecies bserved in the survey

Family Species Hebrew name ] Number of mean nl._|mber per
fishes observed sampling unit
Acanthuridae Acanthurus sohal 1 0.01
Scorpaenidae Pterios sp. 1 0.01
Monacanthidae Aluterus scriptus 1 0.01
Siganidae Siganus stellatus 1 0.01
Chaetodontidae Chaetodon auriga 2 0.01
Chaetodontidae Chaetodon lineolatus 2 0.01
Labridae Anampses lineatus 2 0.01
Labridae Anampses twistii 2 0.01
Labridae Cheilinusbudjubbe 3 0.02
Scaridae Scarus fuscopurpureus 3 0.02
Siganidae Siganus luridus 3 0.02
Siganidae Siganus argenteus 4 0.03
Blenniidae/Gobiidag Aspidontus tractus 4 0.03
Labridae Cheilinus lunulatus 4 0.03
Labridae Oxycheilinus mentalis 4 0.03
Ostraciidae Ostracion cubicus 4 0.03
Ostraciidae Ostracion cyanurus 3 0.03
Ostraciidae Tetrasomus gibbosus 2 0.03
Pomacanthidae Apolemichthys xanthotis 5 0.04
Pomacentridae Dascyllus trimaculatus 6 0.04
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Figure B55. Samplebased rarefaction curves for species richnesgop) and diversity (bottom) at
the surveyed sites.
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Figure B56: Rényi diversity profiles for reef fish communities at the surveyed sites.
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Figure B57: Distribution of reef fish according to trophic levels at the surveyed sites.
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Figure B58: Distribution of reef fish according to trophic levels at the surveyed sites in 2022023.
Top, fish densities; bottom, fractions.
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Figure C6: Top, phosphate (PQ) 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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