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Table Al: Activities of the monitoring program and their frequency.
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Introduction

This report describes the work and results of Israel's National Monitoring Program in the Gulf of
Agaba (Eilat) - NMP —in 2019. It is divided into chapters according to habitats and the methods
employed. Each chapter includes a short description of the methods used, a detailed description of the
results including data and figures, and a discussion of the findings. A comprehensive description of the
methods used is given in the NMP annual scientific report of 2003. While most of the text in this report is
in Hebrew, all figures and figure captions are given in English.

The NMP has been operating since 2004, collecting continuous data by using predetermined standard
methods and a dedicated team. The ability to review consistently collected data provides increased
analytical power and confidence in our findings, allowing us to seek inter-annual patterns and trends. A
comparison of the present-day state of the reef with historical, pre-monitoring, data can be found in the
NMP annual scientific report of 2004.

The NMP has added several new measurements and variables since its initiation, and these are
introduced in the respective annual reports of their initiation year.

This year, several modifications to newly implemented measurements were made and these are
described in their respective chapters. Coral settlement plates were placed at KATZA for the first time,
making it the third site for this survey (in addition to the Interuniversity and the nature reserve sites). This
survey is meant to document temporal changes in coral recruitment patterns at these sites. We extended
surveys of seagrass cover to the depth of 30 meters in order to better quantify the extent and health of
seagrass patches in the north and south beaches of Eilat. We recently changed the protocol of treating and
splitting soft sediments that are collected to evaluate changes to the benthic communities at two soft-
sediment sites, and are in the process of refining taxonomic identification for these communities. The
sediment traps (an array moored to the sea floor at 600 meters depth) that supplied data regarding partical
fluxes in the water column was lost at sea mid-year and particulate data is only available for January-
March this year. We are in the process of acquiring a replacement array that will be deployed in the
future. ARMS benthic settlement arrays were placed at two locations last year and the first array was
retreaved this year and sent for processing.

The NMP reports are available through the web site of Israel’s Ministry of Environmental Protection:
http://www.sviva.gov.il/, and on the NMP page in the 1UIl web-site: http://iui-eilat.ac.il/ .

A database that includes data collected by the NMP since 2004 is available for public download
through the NMP website accessible through the 1UI.
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Key findings of this year

The coral reefs of Eilat

1.

Live cover and density of stony corals — The surveyed reef sites differ considerably in their
respective live coral cover, due mainly to differences in sea floor substrate. This year’s average
coral cover at all sites was 24.9+4.5%, a little higher than last year's average (24.0+4.0%). The
average colony density this year is still low relative to last few years, 27.7+3.2 colonies per ten-
meter long line transect, compared to last year's 28.2+3.6 that was also on the low side. The
average colony density at all sites increased from 2010 to 2017, although year to year changes are
small.

Over the monitored period a significant increase in the average live coral cover was measured, but
this trend seems to weaken in recent years.

Size of stony coral colonies — The characteristic size of coral colonies varies between monitored
sites. At the Ul 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. During the interval 2008-2012 the number of small coral colonies in Eilat decreased,
but this trend has slowed in the last few years and colony density fluctuates. This year coral
density is similar to that measured in the previous year.

Live Tissue Index (LTI) in stony corals — The LTI presents the average percentage of live tissue in
living stony corals and is considered an indirect indicator for coral health. The average value of
this index for all sites is decreasing throughout the monitored period, but the changes are small. It
seems likely that the decrease in average LTI in Eilat stems, at least in part, from better coral
survival and so from “aging” of corals that accumulate injuries.

Coral diversity — The Shanon-Wiener diversity index used for estimating coral diversity at the
reefs of Eilat, displays small, indeterminate, fluctuations between years. Coral diversity at shallow
sites is generally lower than at deeper sites. These findings are corroborated by rarefaction curves
and the expected number of coral taxa per 1,500 random individuals, though changes in all metrics
are small.

Reef flat — Due to its unique character, the reef flat at the coral reserve is considered separately
from the fore-reef sites. This year's coral cover and colony density at the reef flat remain
unchanged and seem to be stable over the past three years. The reef flat is more sensitive to
external forcings than fore-reef sites, and its coral diversity is lower. Massive stony corals
dominate the reef flat whereas branching corals are common at fore-reef sites.

The coral reserve lagoon —Environmental conditions at the lagoon are harsh and so it is dominated
by a small number of coral taxa and coral diversity is low. The dominant coral at the nature
reserve lagoon is coral Stylophora pistillata (comprising some 40% of all colonies at the lagoon).
Between the summers of 2009 and 2010 there was a large drop in coral density at the lagoon, and
especially in that of the dominant coral, as a result of several strong storms. In recent years an
increase is measured although density this year decreased and it is still lower than that of the
initial years of monitoring.

Coral settlement in the reef — The NMP started monitoring coral settlement in 2015, using
settlement plates placed at two reef sites, the nature reserve and the 1UI, but the monitoring
procedure has changed from year to year based on our initial findings. This year a third site (at
KATZA) was added and the sampling protocol seems adequate. More coral settlers are found at
the nature reserve site than at the 1UI, and they also seem to grow better. The new sampling site at
KATZA seems to place in between those two, but more similar to the nature reserve site.
Settlement patterns at the reserve are more constant throughout the season, whereas at the 1UI the
largest number of settlers was found on plates retrieved in September, and on plates retrieved later
a drop in the number and size of coral spats was documented.

12



8.

Sea urchins — Of the invertebrates, sea urchins are the most important group of reef grazers and of
this group, Diadema setosum is the most abundant species in Eilat. Its density fluctuates from year
to year and dictates the density of the entire urchin population. Sea urchin density was lower this
year than in the past two years.

Coastal Environs

9.

10.

Nutrient concentrations in coastal waters — Concentrations of nutrients are commonly high during
winter and very low during summer. The process that dictates these dynamics is the seasonal
mixing driven by cooling of the sea surface in winter, which brings nutrient-rich deep waters to
the shallow coastal areas. This year’s seasonal mixing was long but not continuous and reached a
maximum depth of some 450 meters in April. As a result of the discontinuous mixing process and
medium depth most concentrations in the open sea were as low as those of shallow mixing years.
Against this low concentrations background irregularly high nutrient concentrations were
measured during June-July in the northern coastal sites and particularly the “North Beach” site.

In addition to the routine monitoring measurements, high turbidity and massive algae blooms were
often reported near the outlet of the Kinnet channel, perhaps resulting from infrastructure works at
and around th channel. Such occurrences were also reported in the previous year.

Sea-grass — In the years that sea-grass is monitored meadows at both monitored sites (northern
and southern beaches) are extensive, covering much of the available soft-sediment seafloor, and
cover increases with depth at the examined range of 10 to 20 meters. This year sea-grass cover at
both sites was also surveyed at 30 meters depth and was found to increase in richness in the
southern site while at the northern site it begins to dwindle at that depth. In contrast sea-grass
cover at 10 meters depth at the southern site was sparse this year. It is likely that sea-grass cover
fluctuates seasonally and inter-annually, but it is still early to detect patterns in these changes.

The deep water column

11.

12.

13.

14.

Vertical mixing — Cooling of the water column this year was long but discontinuous, and reached
a maximum depth of some 450 meters. This is deeper than in the previous two years but still did
not affect the deep water column. This is the seventh year (since 2012) in which waters deeper
than 500 meters are discontented from the sea surface.

Concentrations of oxygen and nutrients in the deep waters — The water column was mixed to an
intermediate depth and the deep waters continued to accumulate nutrients and to be depleted of
oxygen, although at a slow rate. This year, seven years after the last deep mixing event, nutrient
and oxygen concentrations in deep water reached the levels of 2011, before the deep mixing of
2012 and only three years after the previous deep mixing (2008). These are still much lower
compared to the values measured in the initial years of monitoring.

Chlorophyll-a and phytoplankton concentrations — Concentrations of chlorophyll-a and of
unicellular plankton in the water column measured this year are characteristic of years in which
water column mixing is not deep. Although mixing was deeper than in the previous two years this
year’s concentrations were not higher, probably as a result of the long, irregular and discontinuous
pattern of mixing this year.

Primary productivity — The pattern of primary productivity was similar to the past few years,
without outstanding values. However, in addition to the expected spring productivity peak this
year productivity was also high in June. This may have been fueled by nutrient input detected at
the northern coastal stations during that month.

It seems that bloom dynamics is influenced by various factors in addition to the maximum depth
of vertical mixing and it may be that the monthly sampling frequency of the NMP cruises is not
sufficient to accurately characterize it. Looking at the “oligotrophic” summer period, there seems
to be no change in the overall state of the system.
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Supplementary continuous measurements

15.

16.

17.

18.

Sea surface chlorophyll-a next to Eilat's coral reef (daily measurement) — Chlorophyll-a
concentrations fluctuate sharply and frequently. In accordance with this year's rather long mixing
period, annual peak chl-a concentrations were measured during March-April-May. These
concentrations, however, were not particularly high and were generally lower than the multi-
annual mean values for those months. Throughout most of the year chlorophyll-a concentrations
next to the reef were lower than the multi-annual average and there was no significant spring
bloom.

Sea surface temperatures next to Eilat's coral reef (daily measurement) — Throughout most of this
year sea surface temperature was higher than the multi-annual average and summer temperatures
were also higher than the 90% percentile of the past thirty years. On average this was a
particularly warm year and the average annual SST was the third highest measured so far, only
exceeded by the years 2010 and 2018. An overall rise in SST next to the nature reserve reef is
documented since 1988.

Meteorology (continuous measurement) — Meteorological measurements reflected a regular
annual cycle without significant abnormalities. SST measured continuously at the IUI pier was
high throughout the year, with a maximum of nearly 30°C, similar to that of the previous year —
that was on average the warmest year on the NMP record.

Rain events — Several rain events occurred this year, with a particularly intense rain storm at the
beginning of March (9 mm were measured at the 1UI) that brought considerable runoff and
suspended sediment to the sea.

Multi-annual variations and trends

The coral reefs of Eilat

1.

Live stony coral cover — Live coral cover is the most significant metric reflecting the state of the
reef, and significant fluctuations in the live coral cover between sites and years have been
recorded.

During the initial years of monitoring (2004-6) average coral cover in Eilat was 19-20%. In the
interval 2007-12 average cover increased and fluctuated in the range 21.5-23.9% and in 2013 the
highest average cover was recorded: 26.4%. Since then, the average coral cover at Eilat ranges
between 24.0% and 25.3%. Changes in live coral cover are not uniform and vary from site to site,
but overall a significant rise in coral cover is revealed by NMP measurements. In recent years the
trend of increased coral cover seems weaker and this year a slight decrease was measured.

Stony coral density and size — Average coral density between all monitored sites varies from year
to year, although annual changes are small. Coral density increased gradually between 2010 and
2017 and declined somewhat in recent years, but it is higher than that of the initial years of
monitoring. Throughout the monitored period there is also a gradual increase in the fraction of
medium and large coral colonies, indicating improved coral survival over time.

Live tissue index in stony corals — This index is decreasing since 2012, albeit at a slow rate. It is
possible that the decrease in the average percentage of live tissue in living coral colonies reflects
the growth and improved survival of coral colonies that are thus more exposed to partial mortality.
Diversity — Stony coral diversity in Eilat's reefs, as well as the coral community composition and
the expected number of genera encounters per 1500 individuals change only slightly from year to
year, indicating a stable community structure.

Among reef dwellers other than corals, surveys in recent years record the presence of basket-stars
(Astroboa nuda) and Yellow-spotted sea cucumber previously unreported in Eilat, as well as
frequent sightings of fish that were thought to be rare. In recent years there is also an increase in
the number of sea urchins other than the dominant D. setosum.
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Coastal Environs

5. Nutrient concentrations in coastal waters — Nutrient concentrations are usually higher during
winter than they are during summer months, due to water column mixing that brings nutrient rich
waters from depth. Conversely, abnormal concentrations at particular sampling stations are found
mostly in stratified summer months. Abnormally high concentrations, indicating local nutrient
enrichment, were common until 2007 and became less so in later years. However, abnormally
high concentrations of nutrients, particularly at the northern sampling stations, are again
occasionally recorded in recent years.

6. 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 (Oron et al., 2014). A series of floods covered the sea floor
at the site with terrigenous clay sediments during the winter of 2012-13 and decimated the local
foraminifera community. Recovery following the floods was considerably more rapid than the
recovery from the impact of aquaculture cages indicating a healthy habitat.

The deep sea water column

7. Concentrations of dissolved oxygen and nutrients — The 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 duration of mixing, and the concentration of nutrients in the deep waters.

This is the seventh year in which waters deeper than 500 meters are not mixed with surface
waters. Therefore, nutrient concentrations continued to rise, and oxygen concentrations to drop in
the deep waters, but the rate of change is small and it seems that the system is close to
equilibrium.

8. Water temperature — The temperature measured in the deep water was at a low in the years 2007-
2008 due to deep mixing and has been slowly rising since. Despite deep mixing in 2012 a drop in
the temperature was not noted at depths greater than 500 meters. Thus, the documented trend of
rising deep water temperatures continues.

A corresponding trend of rise in sea surface temperatures in Eilat is documented since 1988.
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software. Top: Observed Richness, Bottom: Estimated Jacknife-1 Richness.

Figure C15 (p.102): Prevalence of the six gut parasite species examined in S. rivulatus.

Figure C16 (p.102): Intensity of infection of the six gut parasite species examined in S. rivulatus.

Figure C17 (p.103): Bush Index for the importance of infection of the six gut parasite species examined in S. rivulatus.

Figure C18 (p.105): Grain size distribution (weight percent) for soft sediment at two sites, at the north beach (NB) and south
beach (SB) of Eilat.

Figure C19 (p.105): The number of foraminifera genera identified, and the density of individuals (number/gram sediment) at
two soft sediment sites, at the north beach (NB) and south beach (SB) of Eilat.

Figure C20 (p.107): Abundance of meiofauna genera dwelling in the upper layer of two soft sediment sites, at the north beach
(NB) and south beach (SB) of Eilat.

Figure C21 (p.109): Grain size distribution (weight percent) for soft sediment at th sampling locations near the former fish
cages site.

Figure C22 (p.110): The density of live benthic foraminifera individuals at the "Fish Farm" site following the removal of the
last fish cages (2008-2010 data from Dr. Shay Oron, Oron et al., 2014).

Figure C23 (p.111): The number of live foraminifera species per gram dry sediment at sampled locations between summer
2008, immediately after fish cages were removed from the area.

Figure C24 (p.113): A photo of seagrass cover along the 20m depth transect on the southern coast of Eilat.

Figure C25 (p.114): Seagrass cover at three depths in the northern and southern beach sites of Eilat.

Figure C26 (p.114): Five-year average seagrass cover at three depths in the northern and southern beach sites of Eilat.

Figure C27 (p.115): Seagrass cover at four depths in the northern and southern beach sites of Eilat.

Figure D1 (p.119): Temperature profiles measured using a CTD during the monthly monitoring cruises.
Figure D2 (p.120): Changes in water temperature at Station A since 2004.
Figure D3 (p.120): Changes in water temperature at depth (400m to 700m) at Station A since 2000.
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Figure D4 (p.121): Salinity profiles measured using a CTD during the monthly monitoring cruises.

Figure D5 (p.122): Changes in salinity at Station A since 2004.

Figure D6 (p.123): Dissolved oxygen concentration profiles measured during the monthly monitoring cruises.

Figure D7 (p.124): Changes in concentrations of dissolved oxygen in the water column at Station A since 2004.

Figure D8 (p.125): Changes in the dissolved oxygen inventory in the water column at Station A since 2004.

Figure D9 (p.125): Changes in dissolved oxygen concentrations in 400m to 700m water depth at Station A, since 2000.

Figure D10 (p.126): Depth profiles of pH values measured during the monthly monitoring cruises.

Figure D11 (p.127): Changes in pH in the water column at Station A since November 2006.

Figure D12 (p.128): Alkalinity profiles measured during the monthly monitoring cruises.

Figure D13 (p.128): Changes in alkalinity in the water column at Station A since 2004.

Figure D14 (p.129): Nitrite (NO2’) concentration profiles measured during the monthly monitoring cruises.

Figure D15 (p.130): Nitrate (NO3") concentration profiles measured during the monthly monitoring cruises.

Figure D16 (p.131): Changes in the concentration of total oxidized nitrogen (TON= NO3z+NO) in the water column at Station
A since 2004.

Figure D17 (p.131): Changes in the nitrate (NO3) inventory in the water column at Station A since 2004.

Figure D18 (p.132): Changes in nitrate concentration water depth of 400m to 700m at Station A since 2000.

Figure D19 (p.133): Phosphate (PO4?) concentration profiles measured during the monthly monitoring cruises.

Figure D20 (p.134): Changes in the concentration of phosphate in the water column at Station A since 2004.

Figure D21 (p.134): Changes in the phosphate inventory in the water column at Station A since 2004,

Figure D22 (p.135): Silicate (Si(OH)4) concentration profiles measured during the monthly monitoring cruises.

Figure D23 (p.136): Changes in the concentration of silicate in the water column at Station A since 2004.

Figure D24 (p.136): Changes in the silica inventory in the water column at Station A since 2004.

Figure D25 (p.137): Changes in silicate concentration water depth of 400m to 700m at Station A since 2000.

Figure D26 (p.138): Particulate organic carbon (POC) concentration profiles measured during the monthly monitoring cruises.

Figure D27 (p.138): Changes in the concentration of particulate carbon in the water column at Station A since 2011.

Figure D28 (p.139): Fluorescence profiles measured using a CTD during the monthly monitoring cruises.

Figure D29 (p.140): Chlorophyll-a concentration profiles measured during the monthly monitoring cruises.

Figure D30 (p.141): Changes in the concentration of chlorophyll-a in the water column at Station A since 2004.

Figure D31 (p.141): Concentrations of chlorophyll-a at Station A at the surface and at water depths of 40 and 100 meters since
2000.

Figure D32 (p.142): Structure of the water column as reflected in profiles of short-lived indicators (fluorescence, chlorophyll-a
and nitrite), on top, and longer-lived indictors (temperature, sulucate and nitrate), below.

Figure D33 (p.144): Monthly phytoplankton concentrations of prokaryotes (Synechococcus and Prochlorococcus), and pico-
eukaryotes in the water column at Station A.

Figure D34 (p.145): Monthly integrated phytoplankton abundances in the upper 250 meters for prokaryotes (Synechococcus
and Prochlorococcus) and pico-eukaryotes at Station A, and their relative abundance since February 2012.

Figure D35 (p.145): Monthly concentrations of hetrotrophic bacteria in the water column at Station A.

Figure D36 (p.147): Monthly primary productivity and Chl-a concentrations at the upper water column.

Figure D37 (p.147): Integrated values of primary productivity in the upper 100m of the water column, based on the
productivity profiles presented in Figure D36.

Figure D38 (p.148): Top — integrated values of primary productivity in the upper 100m of the water column since 2010, based
on the productivity profiles measured once each month. Bottom —the average annual productivity based on NMP
measurements.

Figure D39 (p.149): Primary productivity in the upper 100m of the water column since 2010 (top) and chlorophyll-a
concentrations in the same water samples (bottom) from the monthly productivity measurements.

Figure D40 (p.150): : Chlorophyll-a concentrations in the upper 100m of the water column at Station A since 2010, from the
monthly NMP cruises (top) and chlorophyll-a concentrations in the upper water column from the monthly productivity
measurements (bottom).

Figure D41 (p.151): Primary productivity in the upper 100m of the water column since 2010.

Figure D42 (p.151): Average daily primary productivity in the upper 100m of the water column for the months June-October,
since 2010.

Figure D43 (p.152): A double plankton net (*Bongo™) towed from the boat in deep waters.

Figure D44 (p.153): Monthly zooplankton concentrations at the upper 100m of the deep sea. Top — all zooplankton, bottom —
divided to size fractions filtered on 1000, 500 and 200 pm filters.

Figure D45 (p.154): Zooplankton concentrations at the upper 100m of the deep sea since 2011.

Figure D46 (p.156): The array of sediment traps placed on a mooring line at 605 meters depth at the center of the northern
basin of the gulf.

Figure D47 (p.157): Particulate fluxes caught in sediment traps since early 2014.

Figure E1 (p.158): Chlorophyll a concentrations sampled daily at the Underwater Observatory jetty in 2019 (red line) and the
long-term average (1988-2018, green ling).
Figure E2 (p.159): Chlorophyll a concentrations at the sea surface, sampled daily at the Underwater Observatory jetty since
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2004.

Figure E3 (p.160): Daily sea surface temperatures measured from the Underwater Observatory jetty during 2019 (red line), the
average SST for 1988-2018 (green line).

Figure E4 (p.161): Top — Daily sea surface temperatures measured from the Underwater Observatory jetty since 2004. Linear
regression represents the long term trend of rising SST since 1988 (data courtesy of Prof. Amatzia Genin). Bottom —
Annual average SST.

Figure E5 (p.162): The meteorological station at the end of the IUI pier.

Figure E6 (p.164): March 5 2019, following intense rain and subsequent flash-floods, sediment plumes entered the sea along
the southern shore of Eilat and spread over the reef at the marine nature reserve.

Figure E7 (p.165): Top- Maximum daily wind speed (m/sec). Bottom- Maximum daily wind speed and direction since January
2007. This year’s wind measurements are marked by red squares.

Figure E8 (p.166): Maximum and minimum (red and blue, respectively) daily air temperature above the sea.

Figure E9 (p.167): Maximum daily global radiation (top), ultraviolet radiation (middle) and photosynthetically available
radiation (bottom).

Figure E10 (p.168): Maximum and minimum (red and blue, respectively) daily values of relative humidity over the sea.

Figure E11 (p.168): Maximum and minimum (red and blue, respectively) daily water temperature at ~2m depth.

Figure E12 (p.169): Maximum and minimum (red and blue, respectively) daily sea-level measurements.

Figure E13 (p.170): An acoustic Doppler current profiler (ADCP) looks up at the water column from the sea floor 42-meters
deep, on a flat surface off the southern edge of the 1UI.

Figure E14 (p.171): Currents off the 1UI at three depths (near the sea floor at 39m, 21m and close to the surface at 5m) during
January-March 2019.

Figure E15 (p.171): Current patterns off the 1UI at three depths (near the sea floor at 39m, 21m and close to the surface at 5m),
during January-March.

Figure E16 (p.174): Weekly dust concentrations in the air above the sea. Dust is measured on filters through which air is
continuously pumped.

Figure G1 (p.177): Study sites of water sampling (surface water and water column). Station B (not shown) is located 10 km
south of Station A.
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Figure A2: Time series of the Nitrate concentrations at 700 meters depth in Station A showing the three
tested time intervals of near-steady state following deep vertical mixing (red rectangles and Table A2).
Immediately following deep mixing nutrient concentrations change rapidly and after approximately 4 years
an apparent steady state is achieved. The middle period starts only three years after deep mixing.
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Period Dates Temp. Oxygen Nitrate Phosphate Silicate
(69) (HM) (HM) (nM) (M)
1 22/2/04-15/1/07 | 50997 (+0.051) | 161.05 (+3.0) | 6.66 (+0.32) | 0.36 (+0.03) | 3.51 (+0.4)
2> 17/1/11-8/2/12 21,04 (+0.016) | 170.32 (+2.4) | 5.61 (+0.18) | 0.31 (x0.02) | 3.16 (+0.1)
3 18/1/16-16/12/19 | >1 14 (+0.026) | 171.16(+3.04) | 5.68 (+0.27) | 0.33 (+0.02) | 3.22 (0.15)
Kruskal_wallls P Value *kk*k *kkk *kkk *kkk *kxkk
Dwass-Steel-Chritchlow- ab.c ab.c ab.c ab.c 1v2, 1v3,
Fligner post hoc pair-wise test T ” ” " 2v3

WA PIRY 2129 Ry steady state-H 2177 232D WINT DRMAT AT QMM DT JI2 MDPNT W 12K 79w
SLRTD-R TR MDIPNT P2 NPWT KW NIPISMT 0 LI2PN WD MMay 2un 700 D@ ppiwa (PR nMue +) 2vmen
PIT7-B0ID 2R 1R 3T WTIIRW MDA MINRR 71NN 7w (P<0.00001 o *E**) nyasioa avann Kruskal-Wallis
DYPNIR RRR (PR RERIRW DTN POY AR WD TO2Y) MSpn B Al P2 aR™wav Dwass-Steel-Chritchlow-Fligner
AR W ISPNF NIRRT MIDPNRT onwn nnR Yon (P<0.05) prame 19IRa My a0 78pn baw nuvsn (a,b,c) nuwy

a8 RPY 2D 2129 RD 2N e
Table A2: The three time intervals in which nutrient and dissolved oxygen concentrations reached a near
steady state after deep vertical mixing of the water column, and the average concentrations (+ standard
deviation) at 700 meters depth for each interval. Statistical significance of the difference between intervals in
an a-parametric Kruskal-Wallis test are shown, where **** denotes P<0.00001. The bottom row lists the
periods that differed one from another in a post-hoc Dwass-Steel-Chritchlow-Fligner test between pairs of
intervals. Three different letters (a,b,c) indicate that each period differed significantly (P<0.05) from each of
the other two periods. *This period starts three years after deep mixing, rather than four.
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Figure A3: Changes in temperature and the concentrations of oxygen, nitrate, phosphate and silica at 700
meters depth in Station A during the three examined time intervals (that began 4 years after deep mixing,

see Table A2).
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2008-10 2012-14
Regression slope | Standard error Regression slope Standard error
Oxygen -8.516 2.85 -7.76 2.78
NOs 0.803 0.224 0.616 0.273
PO, 0.288 0.131 0.194 0.126
SiO4 0.0455 0.0242 0.0316 0.0211

wows ("» 700) PRI N3 (AT 92D 2OUWIWITTY JIRAN 9110 P2 PN NROARY NOIRIT 03T P 20w (3R 9w
779957 ,0100m7 ,2012-2014 793pn2 KRR N 20991 2008-2010 72902 79873757 SN SPIDNW LMY 213 MRY 2w
TI977 N1 T PIDOWT NI ANWKRIT ISP N VIR 2P VY 2OVIIWIIT NI N TR NN IR 1D

SR
Table A3: The slopes of linear regression (and standard errors) between concentrations and time at 700
meters depth for two three-year time intervals following deep mixing (deeper than 800m). The regression
slopes for the interval 2008-10 are steeper than those of the interval 2012-14, meaning that oxygen

concentrations dropped and nutrient concentrations rose faster during the first time interval. Slope units are
the change in concentration per year.
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Oxygen
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Figure A4: Rates of change in dissolved oxygen and the three main nutrients (nitrate, phosphate and silicate)

at 700 meters depth in the three years following deep mixing of the water column, in the two examined time

intervals. The rate of change is the slope of the plotted regression lines. The rates of nutrient accumulation
and oxygen depletion were faster during the first interval.
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Figure A5: Time series of average chlorophyll-a concentrations in the upper 60 meters of the water column
in Station A, since 2004.
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Reg. coeff. R? P value

Live cover [%] 0.41 0.73 HE X
Coral density [#/10m] 0.28 0.54 **

Medium corals [#/100m] 2.9 0.92 *kEx
Small corals [#/100m] -2.03 0.44 **

LTI [%] -0.3 0.67 HkE

Urchin density [#/m?] -0.1 0.6 *okk
Lagoon corals [#/m?] -0.13 0.6 okok
Algae — potential [mg Chl/cm?] -0.02 0.09 NS
Algae — realized [mg Chl/cm?] -0.02 0.27 *

DY 72N 07 LAPOR DR 2OMNDRT NI 2977301 2UINWR M2 NP 93P NIRDYT O8NAT SRTRR 4R abav
DOINWAT TOIMIN DITRI TIWH WRID D2 KW NMIWT 23 AR DINWIN TOTTRNT MTIPRY 75 ,(271W3) AT TAID 2N DOYIIMN
(P°23182 VOPYY NANR) APOET NONAMN2 2°INXR NIRRT 23V .NPUDIVYD NPT P07 NN 2T2Y
Table A4: Linear regression coefficients and their significance of the main variables measured in Eilat's
coral reefs. The regression was calculated for annual averages versus time (in years), so that regression
coefficients represent the rate of annual change for each variable. Variables with a statistically significant
regression are highlighted in red.
P values are indicated as follows: **** p<0.0001, *** p<0.001, ** p<0.01, * p<0.05, NS-not significant.
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Table A5: Summary of trends concerning the state of the system at the northern end of the Gulf of Eilat.
Chemical variables reflect a comparison between two 3-year periods, 2008-10 and 2012-14, in the rate at
which the deep water concentrations change over the period (see Table A3). 1= improvement,
|=deterioration, - = no trend.
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Figure B1: An aerial photo of the northwestern shore of the gulf, south of Eilat,
showing the coral reef sampling sites. The yellow lines represent sampling sites at
the 1UI (1), the Nature Reserve (2) and the oil terminal (3). Black scale line is 100

m.
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Figure B2: Diver during reef surveys at the nature reserve. A measuring tape is spread over the reef and the
divers record the projected length of all the organisms and substrate underneath the line-transect to a
resolution of 1 cm. Photo: N. Segev.
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Figure B3: Top, the average live stony coral cover and colony density at each site, in 2019. Bottom, box-plot
of the stony coral cover at each site: center lines show the medians; box limits indicate the 25th and 75th
percentiles as determined by R software; whiskers extend 1.5 times the interquartile range from the 25th
and 75th percentiles, outliers are represented by dots; crosses represent sample means.
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Figure B4: Cumulative percent cover of live corals, sand, rock and dead corals. At sites where cover does not
add up to 100% the balance comprises algae and invertebrates such as sea anemones, clams or sponges. The
presented percent cover is an average of all transects at each site.
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Figure B5: Percent live stony coral coverage versus unconsolidated (sandy) sea floor in the sites examined.
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Figure B6: Utilization of available substrate by stony corals in 2019. The percent cover and colony density of
live stony corals on hard consolidated seafloor at each monitored site.
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Figure B7: The average live stony coral cover at each site, as percent of total area. To the right, the average
value for all eight surveyed fore-reef sites.
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Figure B7: Left - The average live stony coral cover at each site, as percent of total area. Right - Utilization
of rocky substrate by stony corals (percent of live stony coral coverage out of the total consolidated substrate
at each site). The thin black line denotes the average value for all eight surveyed sites.
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Figure B9: Left - The average number of live stony colonies per ten-meter section at each site (top, the
northernmost sites at the oil terminal, bottom the southernmost sites of the Marine Science Laboratory).
Right - Utilization of rocky substrate for stony coral settlement (number of live stony coral colonies on ten
meters of consolidated substrate at each site). The thin black line denotes the average value for all eight

surveyed sites.
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Site Katza 10 Katza20 NRS NR10 NR20 IUI'5 IUI10 IUI'15 | Katza NR Ul Eilat
Transects 19 18 16 20 17 18 20 18 37 53 56

Stony corals 27.91 28.76 45.86 10.73 38.29 19.01 13.21 15.14 | 28.32 30.17 15.70 24.86
stdev 9.68 8.51 11.35 4.77 10.70 5.95 4.90 5.57 9.01 17.98 5.90 12.59
SE 2.22 2.01 2.84 1.07 2.59 1.40 1.10 131 1.48 2.47 0.79 4.45
Ccv 0.35 0.30 0.25 0.44 0.28 0.31 0.37 0.37 0.32 0.60 0.38 1.97
Octocorals 8.39 7.58 0.53 1.07 5.50 0.26 0.75 1.64 7.99 2.33 0.88 3.21
stdev 7.29 4.61 0.55 1.19 4.97 0.41 0.73 1.65 6.07 3.62 1.18 3.38
SE 1.67 1.09 0.14 0.27 1.20 0.10 0.16 0.39 1.00 0.50 0.16 1.20
Ccv 0.87 0.61 1.04 1.12 0.90 1.59 0.97 1.01 0.76 1.56 1.35 0.95
GRV+Sand 26.02 26.54 10.67 72.83 28.85 31.02 54.33 62.02 | 26.27 39.96 49.31 39.03
stdev 9.84 10.93 9.63 11.74 1281 16.23 13.46 11.34 | 10.24 29.11 18.85 21.39
SE 2.26 2.58 2.41 2.62 311 3.83 3.01 2.67 1.68 4.00 2.52 7.56
Ccv 0.38 0.41 0.90 0.16 0.44 0.52 0.25 0.18 0.39 0.73 0.38 1.82
Rocks 29.29 30.06 20.63 11.61 17.51 4395 2593 17.54 | 29.66 16.22 29.03 24.56
stdev 7.58 10.97 11.25 10.85 7.26 11.01 9.89 9.62 9.26 10.51 14.82 10.09
SE 1.74 2.58 2.81 2.43 1.76 2.60 2.21 2.27 1.52 1.44 1.98 3.57
Ccv 0.26 0.36 0.55 0.93 0.41 0.25 0.38 0.55 0.31 0.65 0.51 243
Dead Corals 7.15 5.82 22.00 3.72 8.91 5.69 4.71 2.69 6.50 10.90 4.38 7.59
stdev 4.03 3.35 7.84 4.06 4.86 4.99 3.85 2.10 3.73 9.49 3.96 6.14
SE 0.92 0.79 1.96 0.91 1.18 1.18 0.86 0.49 0.61 1.30 0.53 2.17
cv 0.56 0.58 0.36 1.09 0.55 0.88 0.82 0.78 0.57 0.87 0.91 1.24
Normalized Cover 37.84 39.82 51.09 4249 5447 27.66 31.08 4231 | 38.80 48.93 33.59 40.84
stdev 11.25 9.75 9.16 13.67 11.07 6.29 11.70 15.89 10.45 12.55 13.28 9.06
SE 2.58 2.30 2.29 3.06 2.68 1.48 2.62 3.74 1.72 1.72 1.77 3.20
cv 0.30 0.24 0.18 0.32 0.20 0.23 0.38 0.38 0.27 0.26 0.40 4.51
Density 35.26 35.56 30.75 1195 37.24 29.61 20.85 20.61 | 3541 25.74 23.59 27.73
stdev 7.54 6.10 5.40 6.44 7.19 9.94 6.26 4.67 6.78 12.79 8.26 9.01
SE 1.73 1.44 1.35 1.44 1.74 2.34 1.40 1.10 1.12 1.76 1.10 3.18
cv 0.21 0.17 0.18 0.54 0.19 0.34 0.30 0.23 0.19 0.50 0.35 3.08
Normalized Density 48.49 49.81 3511 45.24 53.03 43.15 4841 59.04 | 49.13 4468 50.14 | 47.78
Stdev 8.27 8.70 7.91 13.42 4.16 11.32 13.17 16.13 8.39 11.84 14.93 7.05
SE 1.90 2.05 1.98 3.00 1.01 2.67 2.94 3.80 1.38 1.63 2.00 2.49
Ccv 0.17 0.17 0.23 0.30 0.08 0.26 0.27 0.27 0.17 0.27 0.30 6.78

ZOTINRD QYA DOINIT NWOLT LW PIDAT MBI TRY NIWT AR 2P IDNM2 IDORIW SIST NN 21990 122 haw
7292 ,MINT 2TPRY IPNT AR IR0 NMU0 aY (PRI 20 B 2799) ANR ININR D 2%0nnT Y02 17T 2wt
JTRP VRN N2 RNT "DmN" ,avmun 10 R nna mawim DemD NINcI MDIDN L2MINNT YXIRNRD 1737 AR pemn

Table B2: Summary of cover data collected in line transects at the monitoring sites. Data is given as average

percent cover measured in all transects at each site (combination of location and depth) with associated
standard deviation, standard error and variance coefficient, except for the ""Eilat average" that is the

average between sites. Density is the number of colonies in a 10m transect, “Normalized” is for hard

substrate.
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Figure B10: Size frequency distribution of coral colonies in the surveyed sites. Size classes are: Small<5 cm;
5 cm <Medium< 15 cm; 15 cm <Large< 30 cm; Huge>30 cm. Values are percent of the total colonies of each
coral type at each site. Top — size frequency distribution of counted coral colonies; bottom — the coral size
frequency distribution after correction of the bias of size counts in line transects (Zvuloni et al., 2008).
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Figure B11: Stony coral cover versus the number of stony coral colonies in an average 10-meter transect at
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the surveyed Eilat reef sites.
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Figure B12: Top: Changes in average relative size fraction of Eilat coral colonies (corrected for transect
based count biasduring 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<5cm; 5
cm <Medium< 15 cm; 15 cm <Large< 30 cm; Huge>30 cm.
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Figure B13: The Live Tissue Index (LTI) for corals in the surveyed sites. The LTI is the site average of the
percent area of live/healthy coral tissue for each living colony.
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Figure B14: Changes in the state of coral colonies over time according to the average percentage of living
coral tissue (LTI) from all sites over the monitored period.
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Figure B15: The average percentage of living coral tissue (LTI) from all sites in 2019, grouped by colony
size class.
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Figure B16: The Shanon-Wiener diversity index of coral taxa estimated this year for each site by the
EstimateS software (Colwell, 2005 ;http://viceroy.eeb.uconn.edu/EstimateS). The thin line marks the average
of all monitored sites.
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Figure B17: The Shanon-Wiener diversity index of coral taxa estimated for each site over time by the
EstimateS software (Colwell, 2005 ;http://viceroy.eeb.uconn.edu/EstimateS). The thin black line marks the
average of all monitored sites and is also given in the right-hand diagram.
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Rarefaction Curves, per site - 2019
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Figure B18: Rarefaction curves of taxa richness based on colony counts, calculated with the EstimateS
software (Colwell, 2005 ;http://viceroy.eeb.uconn.edu/EstimateS) for each site.
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Figure B19: Rarefaction curves of taxa richness based on colony counts, calculated with the EstimateS
software (Colwell, 2005 ;http://viceroy.eeb.uconn.edu/EstimateS) for the “Eilat Reefs” since 2004. Bottom —
the expected number of stony coral taxa per 1500 random coral coloniesin the “Eilat Reefs” since 2004 based

on the rarefaction curves.
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Figure B20: The twenty most abundant coral taxa in the reefs of Eilat during the monitoring period,
arranged according to their abundance in 2019. At the top are the ten most abundant corals and below are
the next ten. The fraction percent is the average accumulated length of a coral taxa out of the total coral
length measured in line transect surveys of the Eilat reefs.

TR AW 37 72202 30K 932 279w M10°7 STINR DRI MU 20K 21937 QORI PA0 DMWY DX ¥ 32 7920
2202 1R HW a%IDNT 732 TWRA TN IR 2RI NYDIT 770 91 1P 2INN2 TR NOw 707 M0°37

47



Averages Average
Katza Katza

10 20 NR5 NR10 NR20 IUI5 IUI10 IUI15 | Katza NR V] Eilat
Acropora 554 473 439 124 928 238 373 316| 515 477 311 423
Montipora 382 437 117 093 7.81 043 077 0.65| 409 321  0.62 2.44
Lobophyllia 041 047 1786 006 0.64 006 000 003| 044 562 0.3 2.16
Echinopora 289 228 687 078 352 039 051 027| 260 350 039 2.08
Stylophora 220 234 134 115 107 252 170 224 | 227 118 214 1.82
Goniastrea 213 063 503 114 146 267 040 034 | 140 242 111 1.66
Cyphastrea 1.86 142 099 042 244 138 132 020| 165 124 098 1.24
Porites 1.01 238 087 065 245 006 030 104| 168 130 0.6 1.07
Dipsastrea 052 072 015 077 0.8 329 073 024| 061 060 1.40 0.91
Leptastrea 1.04 094 036 007 057 087 055 032| 099 032 058 0.59
Paramontastraea 0.63 1.13 0.04 0.18 1.14 0.24 0.71 0.56 0.87 0.44 0.51 0.58
Pavona 062 155 016 029 070 007 011 0.03| 1.07 038  0.07 0.44
Platygyra 042 016 083 018 071 099 015 005| 029 054 039 0.42
Favites 013 026 025 013 095 053 026 071 019 043 049 0.39
Psammocora 058 062 013 016 112 001 000 006| 0.60 046 0.2 0.33
Mycedium 041 022 178 002 009 000 000 000| 032 057 0.0 0.29
Plesiastrea 021 017 023 030 060 036 013 026| 019 038 0.25 0.28
Goniopora 028 084 076 007 018 000 000 008| 056 031 0.2 0.26
Gyrosmilia 003 000 000 008 009 013 018 1.69| 0.01 0.06 0.65 0.27
Turbinaria 006 003 019 031 029 0.8 000 046| 005 027 042 0.27
Stony corals 27.91 2876 4586 1073 3829 19.01 1321 15.14 | 2832 30.17 15.70 24.86

LW IR TAR D22 2R PRIART MVIOT TIARY MW7 AU (D0 TN DY) 2IRIDIT 2UMRORT 2wy 132 70w
Table B3: The twenty most abundant corals (% cover) in the monitored area and their average cover in each

site as a percent of the total transect length at each site.
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Figure B21: Cumulative percent cover of live corals, sand, rock and dead corals at the reef table. Values are
averages of line transect values.
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Figure B22: Percent cover of live corals and density of coral colonies on the reef table since 2007.

nwh 77 (13) DATIPA 7aw2 WRA NP 7277 ,7AR N0KR D 2°N0 23 937 702 MW IRYNI DWW W)
,2.52 mwn 70 (Colwell, 2005) EstimateS nion >7° Sy 75w *53 Shanon-Wiener 771 0% 21 111 .(23) 2016
TN DOADR N0 2w 77720 NPY 03 .(232 1°K ,2.29) nnTIpn 7w TIIw 08T TR R 90" 7wt Ao
772X MPIPY 172 0N INR? DR V1T NI 2172 MARITAT DIIPYY 1T 73w 0T TN 7AW IWR DO
LT 099151 9910 T NI MYYA

PN NATR PINRD YRINNT TN A1 ,0W DO1RT WY POV ,NNWIT W 1NAT 7T 0D AR 00w 932
LN WA N 2ONROPT DOTART QORINT PV ,T0X T 772w L(7PYRT IRD)

46 NPIY? NOIWT WA 7AW T 1AR AAPR 23) MW DATR OINKR 92 IWRA TN NN W 201N WY
Q°N0 13,092 2ORYA1T 2°N9KRD NPIWE NNTR DOXIDIT DMK 1A 72172 1900 MW (VI NONWE NRTR INRA
0°9727 DIW° ,NRT QY .NO1WT DATR IR I DN WA 17 2°X1917 DO17KT 20 NP2 DORYA JAR MNOR Dw
VW RENI 172 DN INRY (42 7920) NONWE NATR IR NPIYY NN WA DIA9KRT N0 YW NP0 XIon2
2007 187 022w NP2 RENIW 712 71917 NOIWT T2 NN TR IRYAD MWK JAR ARIR DW 00207 1001 , 1Nl 207
07n ,PNWN WA "D T O ROR MR W 0TV IR TN TR DOV DN TWIWA 0097277 (242 1K)
SNIWT P02 ONW IR 7AW P 993 7172 NIREA]

50



Reef Table Estimated Diversity

2.8 1

2.6 A

2.2

Shanon-Wiener Diversity Index

1.8 -
1.6 -
?oo) 9009 9077 9073 ?076 ?07) 90,9
. e 2007
Rarefaction Curves, Reef Table
—— 2008
30 —— 2009
25 2010
/ e
© — 2011
o 20
= e 2012
[e] =
o 15 - — 2013
o)
E 10 - — 2014
b= 2015
> — 2016
0 2017
0 50 100 150 200 250 300 2018
Number of Individuals — 2019

DIMPY — 7D 22007 NI TRR NAEWT IR 18 RIMDR w20 ;e Shanon-Wiener 77 — mabyn® 1232 18
2007 TR% NOINST RN 2OARDRT S0 5DRY 7vaN
Figure B23: Top —Shanon-Wienr diversity of stony corals in the years since 2007, bottom — rarefaction
curves for coral genus diversity on the reef table since 2007.
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Figure B24: The number of coral genera encountered in the Reef Table surveys.

51



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

JINT NRTR SINR2 DA IR (D92 IR 950) 2OXIDIT JANT MNDN 142 Than

Table B4: The most abundant stony corals (by cover percentage) at the reef table and the reef front sites.
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Figure B25: The percentage of live coral cover at the “Eilat Reefs” (the average of the eight surveyed fore-
reef sites), in blue, and the reef-table site, in red. The fore-reef sites display a consistent growth in live cover
over the monitored period and the reef-table displays large fluctuations, reflecting the high sensitivity of this
habitat.
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Figure B26: Correlation between the live coral cover in the "Eilat Reefs' and the density of coral colonies
from different size groups (after correcting for count size-bias). Small colonies (S) are most abundant and so
influence the overall coral density (All). There is a weak negative correlation between the density of small
corals and live cover (top). There is a positive correlation between corals of the larger size groups, and
particularly the "medium™ (M) and large (L) coral size groups, and live coral cover, indicating their
significant contribution to coral cover in Eilat's reefs.
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Figure B27: Sites of the photo-survey of coral reefs along the Eilat coastline (green
markers).
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Figure B28: A set of photographs from one of the photo-survey sites in the nature
reserve reef (2004 top, 2005 bottom). Among the observed changes are partial
mortality of the massive coral Platygyra 1 (top center), and growth of two colonies
of the branching coral Acropora 1 and 2, (center and top right respectively). In
addition, a few colonies are missing from the bottom picture (2005), and some are
new settlers that appear only in 2005.
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Figure B29 : Eight years of documentation at permanent photo site Nature Reserve, point A, looking west.
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Figure B30 : Growth curves of specific coral colonies at the permanent photosits.

Ac=Acropora; Po=Pocilopora; Sty=Stylophora; Cos=Coscinaraea; Di=Dipsastrea; Go=Goniastrea;
Le=Leptastrea; Pa=Paramontastrea.
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Figure B31 : Growth curves of specific coral colonies at the permanent photosits aligned according to size.

Ac=Acropora; Po=Pocilopora; Sty=Stylophora; Cos=Coscinaraea; Di=Dipsastrea; Go=Goniastrea;

Le=Leptastrea; Pa=Paramontastrea.
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Figure B32: The sampling design in the lagoon. 1 m? quadrates (red circles) were placed 5 m apart along a
measuring tape laid cross shore, 9 m from the *'shore line" to the reef table. Each cross shore line included 5
or 6 quadrates (though in this figure only 4 are depicted). 17 cross-shore lines were evenly spread to cover
the lagoon area.
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Figure B33: Relative abundance (by colony number) of the 10 most abundant coral genera in the lagoon.
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Species n Relative abundance [%)] n/m2
Stylophora 71 36.79 0.70
Millepora 57 29.53 0.56
Dipsastrea 27 13.99 0.26
Rhytisma 26 13.47 0.25
Acropora 4 2.07 0.04
Goniastrea 2 1.04 0.02
Favites 1 0.52 0.01
Leptastrea 1 0.52 0.01
Montastrea 1 0.52 0.01
Tubipora musica 1 0.52 0.01
Litophyton 1 0.52 0.01
Sinularia 1 0.52 0.01
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Table B5: The number of colonies, relative abundance and average density (colonies per square meter) of
the coral taxa found in the lagoon.
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Figure B34: The average density (colonies/square meter) of the main coral genera found in the lagoon

during the monitored period. Top: the dominant coral taxa, bottom- inter-annual fluctuations in density of

all coral colonies and the most abundant coral Stylophora pistillata.
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Figure B35: Changes in coral diversity in the lagoon since 2004, according to the Shanon-Wiener index,
estimated using the EstimateS software.
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Figure B36: Arrays of coral settlement plates in Eilat's reef.
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Figure B37: Tiny coral colonies (spats) on settlement plates retrieved from the reef.
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Figure B38: Top — the average number of coral spats at different time intervals between April and
September. Bottom — the average number of polyps per spat (size).
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axis) found on coral settlement plates at the coral nature reserve (NR) and Interuniversity Institute (1UI)
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Figure B41: Inter-annual and seasonal comparison of coral settlement at the Nature Reserve (left) and
Interuniversity Institute (right). Top — the average number of coral spats at different time intervals between
April and September. Bottom — the average humber of polyps per spat (size).
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Eilat.
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Figure B43: Belt-transect survey of motile invertebrates: a diver holding a T-shaped stick passes along a
measuring tape counting the individuals found under the cross-arm. This makes a sampling unit whose
length is defined by the measuring tape and whose width by the 1 meter long cross-arm. Photo: Tomer
Shaulov
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Figure B44: The average density (per m?) of mobile invertebrates (top) and sea urchins (bottom) at the
sampling sites.
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at the sampling sites.
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Figure B46: The average density (individuals per m?) of sea urchins (Diadema setosum, other urchins and all
urchins) at the monitored fore-reefs sites (top) and the lagoon (bottom).
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Figure B47: The average density (per m?) of feather-stars (top), Sea Cucumbers (middle) and Sea Stars
(bottom) at the fore-reef sites and the lagoon.
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Figure B49: Average chlorophyll a on exposed and caged settlement plates in 2019. Each bar represents one
month (calculated as an average of three plates submerged in the sea for two months).
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Grazing Response
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Figure B50: Top — Average chlorophyll a on exposed and caged settlement plates since 2004. Bottom —
Potential (Chl-a from protected, caged, plates) versus grazing pressure (the difference between potential and
the realized (chl-a on exposed plates) algae growth).
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Figure B51: Average chlorophyll a during the months April-May on exposed and caged settlement plates
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since 1997. Each point is an average of three plates submerged in the sea for two months.
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Figure B52: Average chlorophyll a on exposed (blue) and caged (red) settlement plates at the Nature
Reserve in 2019. Each point represents one month (calculated as an average of three plates submerged in the
sea for two months). Top — the lagoon, middle — at 5 meters depth, bottom — at 20 meters.
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Figure B53: Average chlorophyll a on exposed and caged settlement plates at the Nature Reserve since 2007.
Each point represents one month (calculated as an average of three plates submerged in the sea for two
months). Top — the lagoon, middle — at 5 meters depth, bottom — at 20 meters.
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Figure B54: An exposed algae settlement plate from the lagoon.
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mixing depth, since 2004.
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Figure B56: Changes in the number of reef fish according to trophic level since 2007, normalized for the
sampling effort.
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Figure B57: Distribution of the number of reef fish according to trophic level since 2007.
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Figure B58: Distribution of the number of reef fish according to trophic level at the nature reserve (NR)

site and the Interuniversity (1Ul) site in 2019.
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o 5
Taxa o Schooling Diets g = c
o o
* 8
Blenniidae/Gobiidae Sol HD/OM Bottom 51 36
Mullidae (parapeneus) S-M Group IM Bottom 29 83
Pseudochromidae @ Sol IM/PK Bottom 28 41
Scorpaenidae, Synanchiidae .?:._ Sol FC/IM Bottom 1 0
Synodontidae & Sol/Pair FC Bottom 3 3
Pinguipedidae Sol/Pair FC Bottom 9 3
Tetraodonitidae/Diodonitidae Sol/Pair OM/IM Bottom/L 0 3
Acanthuridae S Group HD Bottom 0 23
Zebrasoma, Z. desjardinii, S Group HD Bottom 6 23
Ctenochaetus striatus/Acanthurus nigrofuscus S Group HD Bottom 38 44
Balistidae Sol IM Bottom 13 23
Chaetodontidae $-M Group/Pair IM/IS/OM  Bottom/Low 0 4
Heniochus sp. S Group PK Low 2 2
; . . e . M-G/Pair
Other: C. fasciatus, C. austriacus, C. auriga, paucifasiatus, semilarvatus IM/IS/OM  Bottom/L 31 37
Labridae Sol/S-Group IM Bottom 0 0
Thalassoma sp. S Group IM/PK Bottom 36 52
Coris aygula Sol IM Bottom 1 3
Gomphosuse caeruleus Sol IM Bottom 14 13
Labroides dimidiatus Sol IM Bottom 3 2
Cheilinus lunulatus Sol IM Bottom 1 3
Bodianus anthioides Sol IM Bottom 6 6
Other Labridae Sol/S Group IM/PK Bottom 46 16
Ostraciidae Sol IS/IM Bottom/L 1 4
. [+] .
Pomacanthidae % Sol/Pair HD/IS/IM Bottom 4 5
Pomacentridae g S-L Group OM/PK Bottom/Low
Amphiprion bicinctus p3 S Group PK Bottom 6 3
Dascyllus aruanus & M Group PK Bottom 26 5
Dascyllus marginatus & M Group PK Bottom 58 128
Pomacentrus sulfureus S Group oM Bottom 8 0
Neopomacentrus miryae L- Group PK Low 190 32
Pomacentrus trichourus S- Group oM Bottom 114 138
Abudefduf sexatilis S Group oM Low 0 0
Chromis dimidiata M Group PK Low 4 7
Chromis viridis L Group PK Low 221 26
. . . S-L Group
Other Pomacentridae: Neoglyphidon melas, Amblyglyphidon sp. OM/PK Bottom/L 0 4
Scaridae Sol/S Group HD/OM Bottom/L 75 37
Pterios sp. Sol FC Bottom 0 1
Serranidae Sol/L Group FC/IM/PK Low 0 0
Variola louti Sol FC Low 6 7
Pseudanthias squamipinnis L Group PK Low 22 18
Other Serranidae: Epinephelus sp., Cephalopholis sp. Sol FC Low 155 237
Siganidae Sol/Pair oM/IM Bottom/Low 1 2
Lethrinidae Sol/S-M Gr IM/FC Bottom/L 2 3
Apogonidae 8 13
Atherinidae p L Group PK High 1600 38
Q)
Caesionidae ‘g. L Group PK High 0 80
Others 2 3
Total 2821 | 1211

Coral with fish NR: 60, IUI: 82; Corals without fish NR: 60, IUI: 83;

SIRDR DI DM BW MANTT PRRA 20T NS 172 han

Table B7: Fish abundance of at the Coral Beach Nature Reserve.

87




n'vinn NA'ao0n 111 .a

07T Napa %7 o L1

Emio]a
YIADD DMWY DT MNIPA IR MM N 71T NP2 0°7 912 01171 ,000R009 ,0%1% DUINWR NR 2pYn
DI n7an2

mww
ORIWT AT TIIR? MIANN VAW AOWT A0 MRANT DY 271912 2°°1°0 22INWR DY MTTA MYXIAN WNne Do

P12 MYWA 77907 NOWYI AncATA .MU 192027, 13 79202, 13 21R2 DAY 293 MIND 0 NINNAY YONT Sw

P01 P12P2 MYXNARD L7772V MTPTA TNE? 7 1-0 5w pmivn 20 MIRAMT DIANNT 1MW NINPLI 79°%0 739977 77002

PPV D7 DA77 MY NTARD NPO02 DIT-T2 NIWIAR2 [UW: °» NYIVIDAY D771 ,70112 .GOFLO n1an 5w Tuh 5 1912

TI2AY 1P R? 12 0297 WK PRIV QW Y1ap 0P NPT 1292 IY1a% Ap0T 37°00) DTN 02 37077 ((secchi) opo

DXMY AYWI W AT P92 NINATI MNP0 .2

:MIR2T NPRIT MTTNAT TNXD D00 QORI AT DAY TN OV 70

nOOIT MY MIYIPA NVAATI XYV NYRIANT N0 NUXPRO ROTW 12PN NYIWA YAPI 1AM 1127 10PN X0
VL MYXARA Nyxann 7% 0. 1N 1372 NaxS203 ay nuwn KI+NaOH -1 MnSO4 ook 1w
N ,Metrohm n2an 5w Titrino 702 SM 2107 "0k

(combined pH ) n°213m pH n7MvRpoR Myxnara 25°C 5w a31ap 770790 MyXan v ma pH-n M pH
y¥ann 770PYRA 910 .Radiometer Copenhagen n0an Sw o7°aw PHM 93 o317 pH 1 pHC2401-7 0a7 electrode
.(IUPAC/NIST certified standards) n1°»1R22°2 91°2 M0>N2 NIN21A1 N1INON NIPYITIVO MO°AN DAY

77777 092 pHNBs NPP0 IR 12°1i N1P2LPR N2p0a pH %Y ¥7on Mipoon 1991 1011 MnHna 17198 919 monn
pHnes = -log {H*} :Millero et al. 1993 7w

PHT = - :5 pa7avan pHT n%p0 1270 011 5w 5912 115°7 YW A%P02 2PMIREIN IR 2°0NT7A 0 %22 0°20 2P
log [H*]r

\HSO4 >1 1121 nx 23 5913 [HY]r qwxo

MMM 70910 90 37 1 912p L (Fr) 12°17 10 22 NPPVPRT 312 2WON NIYEAKRI WOHRND MPP0T 1°2 12V
MR2 MyRann M3 5w pH -7 M7 901 ANk (Millero et al. 1988) *5% on oK NMyEARA W N 10N
0.72 X7 1270 11° D NPOPRT V1P W 10 NI ATNA INWH DK Y91 19X 007 % MMYNY L7000y
PH M7 0.14 nnnoa o7 M2 ManTna pH-T M7 %Y a1 312 1YY .00 NTMY 2321 73w 93 Jwna
.(Shaked 2008) 17> 991 0.14 n°no? wo ,pHT -7 NHPD2 MY 17 "IN WHNwa? TNX WA 77712 M9

IR 9Y nooan a7an TP ,RBR n1an 5w Micro-Salinometer MS-310e a2 N on Ina 37077 :nnvhn
077300 PW D 0037 MM YW RN TN NI

Lachat n12n 5w QuikChem 8000 flow injection analyzer 7°wa»2a 2>771 NO2, NO3, Si(OH)s, PO4 ;0201101
17 2T VIARIT QY DOV TR DI IXPW YA NN DY D001 77071 .2"0IR L Instruments, Milwaukee
SPWINT OV 0AIYIDI0PO02 VORI ,ARIIT TINT 2ITN2 23 TR Hva vax ophonIp nvXh

DL67 03772 umuIR M0y nyxnRa nyxann 0.05N 115772 HCI oy Gran noxnww o'y nyapl :n1erophR
v ,Mettler Toledo n72an Sw 0w ,DG111 037 (combined pH electrode) n°>101 pH NTINURoRY

W 24-5 (4°C 1qpn2a) T2 90% 1uxRa 00%mn 00w .GF/F Mon 0070200 777 22111072 00117 (220192
,1N9°%p , Turner Designs n12an Sw TD-700 ax7a ummkio2 7721 (Chlorophyll-a) 2°91%5;7 115°7 1810 0102
A2"AAR

TN MRHNTT N7 KD Hoefer n1an 5w DyNA QuantTM 2000 q0m1MR1720 MIYEARI NTTA1 T INK (IR
.Myw 3 qwn? orthophthaldialdehyde 2°51 ¥a¥ 013k Nd0IN2

88



Figure C1: Map of the coastal-water monitoring stations in the territorial waters of Israel in the Gulf of
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Table C1: Locations of the coastal-water monitoring stations.
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Figure C2: Monthly pH values at all coastal water monitoring stations since October 2006.
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Figure C3: Monthly alkalinity at the coastal water sampling stations since 2004.
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Figure C4: Monthly concentrations of total oxidized nitrogen (TON, nitrate+nitrite) at the coastal water
sampling stations since 2004.
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Figure C5: Monthly concentrations of ammonia (NH,) at the coastal water sampling stations since 2004.
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Figure C6: Phosphate concentrations (PO,) at coastal-water sampling stations since 2004.
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Figure C7: Monthly concentrations of silicate (Si(OH).) at the coastal water sampling stations since 2004.
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Figure C8: Monthly concentrations of dissolved oxygen at the coastal water sampling stations since 2004.
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Figure C9: Monthly concentrations of chlorophyll a at the coastal water sampling stations since 2004.
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Figure C10: Salinity at the coastal water sampling stations since 2004. Gaps in the data reflect failure of the
analytical instrument.
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Figure C11: Temperature at the coastal water sampling stations since 2004.
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Figure C12: Secchi depth measurements at the coastal water sampling stations since 2004.
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Figure C13: Massiv macro-algae bloom near the Kinnet channel outlet to the sea, April 8, 2019 (photo by Dr.
A. Zvuloni, Israel’s Nature and Parks Authority).
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Parasite

No. Location | Weight (gr) | Length (cm) | Scler. | Gyliauc. | Proc. | Cucul. | Opist. | Hexan. Date
411191 Ul 185 24.5 2 1 1 4.11.19
411192 Ul 121.4 20 5 4.11.19
411193 Ul 118.9 20.5 5 1 2 4.11.19
411194 Ul 120.2 21 1 2 1 4.11.19
411195 Ul 114.2 21.5 2 3 2 4.11.19
2211191 Ul 195 24 2 22.11.19
2211192 Ul 180 25.9 3 22.11.19
2211193 Ul 105 19.8 1 2 1 1 22.11.19
2211194 Ul 145 23.1 3 3 22.11.19
2211195 Ul 105 26 72 3 6 22.11.19
2511191 Ul 180 24.5 1 25.11.19
2511192 Ul 155 22.5 11 25.11.19
2511193 Ul 175 23 1 2 1 1 25.11.19
2511194 Ul 130 22.2 1 3 25.11.19
2511195 Ul 165 23.2 3 25.11.19
212191 Ul 152.2 23 1 9 2.12.19
212192 Ul 181.2 24.5 1 1 5 2.12.19
212193 Ul 143.3 22 1 2 1 2 2.12.19
212194 Ul 137.4 21.2 2 1 2.12.19
612191 Ul 185.7 23 5 6.12.19
612192 Ul 233.8 26 1 5 6.12.19
612193 Ul 193.4 25.2 2 18 6.12.19
612194 Ul 160.7 23 3 1 6.12.19
612195 Ul 132.8 21.8 2 3 6.12.19
912191 Ul 146.6 23 51 5 1 9.12.19
912192 Ul 160.7 24.5 1 3 3 9.12.19
912193 Ul 177.9 24.5 7 9.12.19
912194 Ul 202.4 26 2 9.12.19
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Table C2: Gut helminth parasites found in Siganus rivulatus sampled near the 1UI.
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Figure C14: Rarefaction curves of S. rivulatus helminth parasite Species Richness calculated using the
EstimateS software. Top: Observed Richness, Bottom: Estimated Jacknife-1 Richness.
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Prevalence of Infected Hosts
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Figure C15: Prevalence of the six gut parasite species examined in S. rivulatus.
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Figure C16: Intensity of infection of the six gut parasite species examined in S. rivulatus.
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Bush Index of Importance
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Figure C17: Bush Index for the importance of infection of the six gut parasite species examined in S.
rivulatus.
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Grain Size Distribution
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Figure C18: Grain size distribution (weight percent) for soft sediment at two sites, at the north beach (NB)
and south beach (SB) of Eilat.
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Figure C19: The number of foraminifera genera identified, and the density of individuals
(number/gram sediment) at two soft sediment sites, at the north beach (NB) and south beach (SB)
of Eilat.
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Taxa SB NB
2016 2017 2018 2019 | 2016 2017 2018 2019

Agglutinella compressa + + +
Ammonia spp + + + + + + + +
Amphisorus hemprichii + + + + + + + +
Amphistegina sp. + + + + + + + +
Articulina sp. + + + + + +
Assilina amonoides + + + + + + + +
Bolivina spp +
Borelis schlumbergeri + + + + + + + +
Brizalina sp. + + + + + + +
Challengerella bradyi +
Cibicides spp + + + + +
Clavulina angularis + + +
Cycloforina sp. + + + + + + +
Cymbaloporetta sp + + + +
Discorbinella rhodiensis + + + + +
Elphidium sp. + + + + + +
Epistomoroides punctatus + + + +
Epoindes repandus + +
Fursenkoina sp. A + +
Globofissurella sp +
Hauerina sp. + + + + + + + +
Labrospira jeffreysii + + + +
Lachlanella sp. + + + + +
Lagenammina atlantica + + +
Miliolides sp. + +
Miliolinella sp. + + + + + + + +
Nonion spp + + + + + +
Paratrochammina madeirae +
Peneroplis planatus + + + + + + + +
Planogypsina + + + +
Planorbulinella larvata +
Pseudoaurinella dissidens + +
Pseudocibicides + + + + + + +
Pseudomassilina sp. + + + +
Pseudoschlumbergerina ovata + +
Pseudotriloculina sp. + + + + + + + +
Pyrgo sp. + + +
Quinqueloculina sp. + + + + + + + +
Reusela spp + + + +
Rosalina spp + + + + + + +
Schlumbergerina alveoliniformis +
Siphonaperta agglutinans +
Siphonaperta distorqueata +
Siphonaperta pittensis + + + + + +
Sorites + + + + +
Spirillina sp A +
Spiroculina + + + + + +
Textularia spp + + + + + + +
Triloculina sp. + + + + + + +
Trochulina sp. A + + + + +
Varidentella cf. V. neostriatula + + + +
Vertebralina striata +

SRYNTIT DT NN WMIDBT HIHT NN VIR T LIAITOT MDY 201INI2 2OIDIRD 30 133 Than
Table C3: Benthic foraminifera identified at the North and south beach sites.
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Figure C20: Abundance of meiofauna genera dwelling in the upper layer of two soft sediment sites, at the

north beach (NB) and south beach (SB) of Eilat.
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NB SB
2015 2016 2017 2018 2019 2015 2016 2017 2018 2019

Amphioxus * * * * *
Amphipoda * * * * * * * * * *
Anomura * * * * * * *
Bivalvia * * * * * * * * * *
Chaetognatha * *
Cnidaria (Actinaria) * * * *
Copepoda * * * * * * * * * *
Crustacea sp *
Cumacea * * * * * * * * * *
Decapoda * * * * * * * *
Echinoidae * *
Echiura * * * * *
Gastropoda * * * * * * * * * *
Holoturioidea * *
Isopoda * * * * * * * *
Mysidae * *
Nematoda * * * * * * * * * *
Nemertea * * * *
Ophiuroidea * * * * * * * * * *
Ostracoda * * * * * * * * * *
Platyhelminthes * *
Polychaeta * * * * * * * * * *
Sipunculidae * * * * * * *
Tanaidacea * * * * * * * * * *

972 959) MINTI NIT INRIY WDV [T NN TIWT WY (202017270 BRI RY) 7T wIRITOT GIOW MIIAP 145 779w
.(a"X
Table C4: Meiofauna groups identified this year at the North and South beach sites (listed alphabetically).
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Figure C21: Grain size distribution (weight percent) for soft sediment at th sampling locations near the
former fish cages site.
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Figure C22: The density of live benthic foraminifera individuals at the ""Fish Farm® site following the
removal of the last fish cages (2008-2010 data from Dr. Shay Oron, Oron et al., 2014).
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Figure C23: Then

umber of live foraminifera species per gram dry sediment at sampled locations between

summer 2008, immediately after fish cages were removed from the area.

79 HY ¥°2%1 021927 M0 INRW ONWRIT DOWTITA T2°3TT MINNA VIR0 21 QP00 YW NULNING DTV
Y77 IR VAW 192 YI017 Halophila 0°7 2wy 27977 ,791 7900 .0%1IN12 2°719°1° 170 DWW O1R AIWOR XY 1T 72°20W

111



.17 NPN2°20 MY Y

52792 TR LIAT02 77 A 2w MDY (Assilina ammonoides , LD NVMDIN P RIT NIRD W DAY NWRIT 7RI
M0 H3 70 °2 AR ,MINNT 222 77 12 2w INIDWDRA 7777 ARYNI TIWT .I2XNT T2 IR MWK 22IW1A 309V 20370
NN 202 MINIART 2°Iw1A N7V 2°A107 201 0%

112



2% 2WY %18 — 2OTITY 22 NI NOYRapR 4.3

TR
ST 2R P17 M2 HW 1017 IR TIRRY 7TV 00 2wya ORI NPYRIRA M10°0 NovA

mow

XXM 912) S1IDXT N2 :0°INR AW 0001 20-1 15,10 ,2°00W Jwirwa TR NI NPYRIR DY 00 2wy M%)
;0% 170°392 X"1,0°991857 193 91) 1077 702 (34° 57.997°E ,29° 32.655°N :(2vn mawya) XM ,"mow o
.(34° 54.866E ,29° 29.966"N

PRIV 902 (243 1K) 007 novpap Hw 2mx TNk (point sampling) "a7IP1 N0 NKOWA NWYI M0°00 NI
07077 7RG 2207 7w 3 A1 (1m?) 127 R Anww 83 9IN? 2°2pn2 001 60 7R 7771 K0 0I0)
N W OR Y21 3701 20 Maw (Kohler & Gill, 2006) CPCe Nion NIy m11mN 232 MMTO MTIP AR 1371 7729702
MIMNT T TN 12T INRY PN N1 VXV %N 9 AV 0°7 WY "10°37 172 NIRXINT .00 WY AN PR
.NR2

(P2 IMIn'Y 2 12 IROX) SRINTA NI IR 270N 2IWY PRIV PO Y3NMR 2 2wy Yw 217 % 1243 TR
Figure C24: A photo of seagrass cover along the 20m depth transect on the southern coast of Eilat (photo:
M. Chernihovsky).
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Figure C25: Seagrass cover at three depths in the northern and southern beach sites of Eilat.
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Figure C26: Five-year average seagrass cover at three depths in the northern and southern beach sites of
Eilat.
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Figure C27: Seagrass cover at four depths in the northern and southern beach sites of Eilat.
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Figure D1: Temperature profiles measured using a CTD during the monthly monitoring cruises. Station A is
on the Israeli/Jordanian/Egyptian border (>700m), and the Fish Farms station is close to the northern shore
of the Gulf at ca. 50 meters depth.
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Figure D2: Changes in water temperature at Station A since 2004. Black dots represent the sampling depths.
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Figure D3: Changes in water temperature at depth (400m to 700m) at Station A since 2000. Data from the
years 2000-2002 were collected during the Peace Park Project and are provided courtesy of prof. J. Erez and
prof. B. Lazar.
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Figure D4: Salinity profiles measured using a CTD during the monthly monitoring cruises. Station A is on
the Israeli/Jordanian/Egyptian border (>700m), and the Fish Farms station is close to the northern shore of
the Gulf at ca. 50 meters depth.
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Figure D5: Changes in salinity at Station A since 2004. Black dots represent the sampling depths.
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Figure D6: Dissolved oxygen concentration profiles measured during the monthly monitoring cruises.
Station A is on the Israeli/Jordanian/Egyptian border at ca. 700 meters depth, and the Fish Farms station is
close to the northern shore of the Gulf at ca. 50 meters depth.
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Figure D7: Changes in concentrations of dissolved oxygen in the water column at Station A since 2004. Black
dots represent the sampling depths.
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Figure D8: Changes in the dissolved oxygen inventory in the water column at Station A since 2004. Top:
monthly inventories (right) and annual averages (left). Bottom: the upper 400m (left) and the deep water
(right).
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Figure D9: Changes in dissolved oxygen concentrations in 400m to 700m water depth at Station A, since
2000.

(pH .2°n7 nY¥nIT Nn0) 0230 1w
.pHnes = -log {H*} :Millero et al. (1993) Yw 777377 °5% pHNes N?P02 7721 1202 nTan (pH) 7237 7w
1YY 09I o P92 "M 117D IR DY

MON NRWNNT 3PV 0T D31 2°07Y 127 0077037 PH-T 27 Yw 707 AN¥02 2006 107 1w 75702 1n510)
oW 1M o8 %Y 2007 1872 121157 79091 ,(2003 120028) VT NP0 TIND AT 199752 IWN 7172 TV L0107
[.2006 922022 7°927 )20 N1N>YAT MONT NDOITY TV TIND Ny pH-7 M7y

DOA7 NTMAYA NPXMINT MY O3 DYOWIN 13 931 2° 7177 0°12 IWRA N1 222171 993 7172 P na pH-n 00w
1927 DAYAT 18N 2w 17,2107 .77 2000 N7 (PH) 7237 7 5w 991997 7320 NNV 210W-212700 N
JROWIT ATNIDIVIDT *2XPA 0PN DUINWAT MWW

(107 91°R) 2230597 22 YOMIRA PP 17T (8.191) mwn A manna a2 maxT pH -1 00w

°37Y 73w 197 0995 1PINRD LTI 22T 172 223w TN 27 NTIAY 21273 IRXIND 7Y 2PNV 212 76T TW
17771 2008-11 222wa (117 71°KR) 2N 7177 2129037 797 72 DT TN W 19RD BYR 092111 2015V 0°H1 12T
0°n2 pH -7 7%V 18R 1900w 2°awa L2012 w3 pavia 212790 MNPV TR 1777 19K 221190 23 00123 723 000
NIW TRM) NINRT Q2T D212 NN 27 NTIAYA FAAT IV DMIPWAW MRT? IN°1 IR O3 .MPNN 230
(2007-8 2°3wa pInyi 21277 IAKRD) DTIPA AN 17T 2Mwnn o0up (2012

St. A FF

pH pH

8.1 8.2 83
Tl |

100

100

200

200

300 +

=+ Jan —+— Feb

400

Depth [m]

Mar == April

w
o
o

May June
600 |- —— July —— Aug

—+—Sep —4— QOct

700 7

—+—Nov —4+— Dec

800

bW 297 91233 NRINI A T30 APWTITT IWOIT NIV ITTRIW 955 2T NTINYI (NIXNMIT NRT) 7387 997 1107 IR
29un 50-3 S priwa s nIna FF manm ,zomun 700-1 ghun® b ppipa aomxn/3ra/onaws
Figure D10: Depth profiles of pH values measured during the monthly monitoring cruises. Station A is on
the Israeli/Jordanian/Egyptian border at >700 meters depth, and the Fish Farms station is close to the
northern shore of the Gulf at ca. 50 meters depth.
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Figure D11: Changes in pH in the water column at Station A since November 2006. Black dots represent the
sampling depths.
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Figure D12: Alkalinity profiles measured during the monthly monitoring cruises. Station A is on the
Israeli/Jordanian/Egyptian border at ca. 700 meters depth.
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Figure D13: Changes in alkalinity in the water column at Station A since 2004. Black dots represent the
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sampling depths.
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Figure D14: Nitrite (NO2) concentration profiles measured during the monthly monitoring cruises. Station
A is on the Israeli/Jordanian/Egyptian border at >700 meters depth, and the Fish Farms station is close to
the northern shore of the Gulf at ca. 50 meters depth.
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Figure D15: Nitrate (NO3") concentration profiles measured during the monthly monitoring cruises. Station
A is on the Israeli/Jordanian/Egyptian border at >700 meters depth, and the Fish Farms station is close to
the northern shore of the Gulf at ca. 50 meters depth.
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at Station A since 2004. Black dots represent the sampling depths.
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Figure D17: Changes in the nitrate (NOs) inventory in the water column at Station A since 2004. Top:
monthly inventories (right) and annual averages (left). Bottom: the upper 400m (left) and the deep water
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Figure D18: Changes in nitrate concentration water depth of 400m to 700m at Station A since 2000. Data
from the years 2000-2002 were collected during the Peace Park Project and are provided courtesy of Prof. J.
Erez and Prof. B. Lazar.
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Figure D19: Phosphate (PO4?) concentration profiles measured during the monthly monitoring cruises.

Station A is on the Israeli/Jordanian/Egyptian border at >700 meters depth, and the Fish Farms station is
close to the northern shore of the Gulf at ca. 50 meters depth.
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Figure D20: Changes in the concentration of phosphate in the water column at Station A since 2004. Black
dots represent the sampling depths.
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Figure D21: Changes in the phosphate inventory in the water column at Station A since 2004. Top: monthly
inventories (right) and annual averages (left). Bottom: the upper 400m (left) and the deep water (right).
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Figure D22: Silicate (Si(OH)4) concentration profiles measured during the monthly monitoring cruises.

Station A is on the Israeli/Jordanian/Egyptian border at >700 meters depth, and the Fish Farms station is
close to the northern shore of the Gulf at ca. 50 meters depth.
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Figure D23: Changes in the concentration of silicate in the water column at Station A since 2004. Black dots
represent the sampling depths.
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Figure D24: Changes in the silica inventory in the water column at Station A since 2004. Top: monthly
inventories (right) and annual averages (left). Bottom: the upper 400m (left) and the deep water (right).
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Figure D25: Changes in silicate concentration water depth of 400m to 700m at Station A since 2000. Data
from the years 2000-2002 were collected during the Peace Park Project and are provided courtesy of Prof. J.
Erez and Prof. B. Lazar.
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Figure D26: Particulate organic carbon (POC) concentration profiles measured during the monthly
monitoring cruises. Station A is the southern station on the Israeli/Jordanian/Egyptian border at ca. 700
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Figure D27: Changes in the concentration of particulate carbon in the water column at Station A since 2011.

Black dots represent the sampling depths.
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Figure D28: Fluorescence profiles measured using a CTD during the monthly monitoring cruises. Station A
is on the Israeli/Jordanian/Egyptian border (>700m), and the Fish Farms station is close to the northern
shore of the Gulf at ca. 50 meters depth.
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Figure D29: Chlorophyll-a concentration profiles measured during the monthly monitoring cruises. Station
A is on the Israeli/Jordanian/Egyptian border at ca. 700 meters depth, and the Fish Farms station is close to
the northern shore of the Gulf at ca. 50 meters depth.
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Figure D30: Changes in the concentration of chlorophyll-a in the water column at Station A since 2004.
Black dots represent the sampling depths.
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Figure D31: Concentrations of chlorophyll-a at Station A at the surface and at water depths of 40 and 100
meters since 2000. The apparent rise in chlorophyll concentration at 100 meters depth is statistically
significant (randomization test, P<<0.001). Data from the years 2000-2002 were collected during the Peace
Park Project and are provided courtesy of Prof. J. Erez and Pro. B. Lazar.
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Figure D32: Structure of the water column as reflected in profiles of short-lived indicators (fluorescence,
chlorophyll-a and nitrite), on top, and longer-lived indictors (temperature, sulucate and nitrate), below.
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Figure D33: Monthly phytoplankton concentrations of prokaryotes (Synechococcus and Prochlorococcus),
and pico-eukaryotes in the water column at Station A.
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Figure D34: Monthly integrated phytoplankton abundances in the upper 250 meters for prokaryotes
(Synechococcus and Prochlorococcus) and pico-eukaryotes at Station A, and their relative abundance since
February 2012. Top — according to the cell count and bottom — according to biomass.
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Figure D35: Monthly concentrations of hetrotrophic bacteria in the water column at Station A.
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Figure D36: Monthly primary productivity and Chl-a concentrations at the upper water column.
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Figure D37: Integrated values of primary productivity in the upper 100m of the water column, based on the
productivity profiles presented in Figure D36.
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Figure D38: Top — integrated values of primary productivity in the upper 100m of the water column since
2010, based on the productivity profiles measured once each month. Bottom —the average annual
productivity based on NMP measurements.
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Figure D39: Primary productivity in the upper 100m of the water column since 2010 (top) and chlorophyll-a
concentrations in the same water samples (bottom) from the monthly productivity measurements.

149



Chlorophyll-a [jug/liter]

[m] Cruise — Chl-a
0 , ‘ 1.5
: ‘
20| ‘ il )
7 1
40 | * | = ] ‘
60 |l :
0.5
S0 1 TR U ('
100 0
S| N
0 1.5
20 foe
40 !
60
0.5
80 Sl ) ‘
> |
100 N

Productivity — Chl-a

DNPRWTIT MW7 MR TInR 2010 TR A T3N3 227 DTIRY DR 201h 2own ARn2 9951t 1o (407 R
(FTORD) NPWTIAT NI NIAIRT TINR 2ORT NTIMYR DIDINGD D (FThund)
Figure D40: Chlorophyll-a concentrations in the upper 100m of the water column at Station A since 2010,
from the monthly NMP cruises (top) and chlorophyll-a concentrations in the upper water column from the
monthly productivity measurements (bottom).
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Figure D41: Primary productivity in the upper 100m of the water column since 2010.
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Figure D42: Average daily primary productivity in the upper 100m of the water column for the months
June-October, since 2010.
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Figure D43: A double plankton net (*'Bongo’") towed from the boat in deep waters. Photo: M. Chernihovsky
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bottom — divided to size fractions filtered on 1000, 500 and 200 um filters (green, red and blue, respectively).
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Figure D45: Zooplankton concentrations at the upper 100m of the deep sea since 2011. Top — all
zooplankton, bottom — divided to size fractions filtered on 1000, 500 and 200 um filters (green, red and blue,
respectively).
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Figure D46: The array of sediment traps placed on a mooring line at 605 meters depth at the center of the
northern basin of the gulf.
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Figure E1: Chlorophyll a concentrations sampled daily at the Underwater Observatory jetty in 2019 (red

line) and the long-term average (1988-2018, green line). Black lines mark the 90% of accumulated data
including the previous year.
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Figure E2: Chlorophyll a concentrations at the sea surface, sampled daily at the Underwater Observatory
jetty since 2004,
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Figure E3: Daily sea surface temperatures measured from the Underwater Observatory jetty during 2019
(red line), the average SST for 1988-2018 (green line), and the black lines mark the 90% of accumulated
data including the previous year (smoothed by 7-day running mean).
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Figure E4: Top — Daily sea surface temperatures measured from the Underwater Observatory jetty since
2004. Linear regression represents the long term trend of rising SST since 1988 (data courtesy of Prof.
Amatzia Genin). Bottom — Annual average SST.
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Figure E5: The meteorological station at the end of the 1UI pier.
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Description Manufacturer | Model
Wind monitor MA (speed & direction) Young 05106
Air temperature and relative humidity Campbell HMP45C
Casing for temp & RH Campbell 41003
Barometric pressure Young 61202
Barometric pressure port (to minimize wind effect) | Young 61002
Global radiation Kipp&Zonen CM11B
UV radiation Apogee SU-100
PAR radiation Li-Cor LI-190SA
Water pressure Campbell CS455
Water temperature Campbell 108

Data logger Campbell CR1000

SRDIDIIIN-T027T PORT HW AT IR NIMDINIRVRT TIANT DR 2029377 2T now 117 han
Table E1: Setup of the meteorological station at the end of the 1UI pier, list of sensors.
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Figure E6: March 5 2019, following intense rain and subsequent flash-floods, sediment plumes entered the
sea along the southern shore of Eilat and spread over the reef at the marine nature reserve. Photographs

courtesy of Assaf Zvuloni, Israel’s Nature and Parks Authority.
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since January 2007. This year’s wind measurements are marked by red squares.
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Figure E9: Maximum daily global radiation (top), ultraviolet radiation (middle) and photosynthetically
available radiation (bottom).
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Figure E10: Maximum and minimum (red and blue, respectively) daily values of relative humidity over the
sea.
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Figure E11: Maximum and minimum (red and blue, respectively) daily water temperature at ~2m depth.
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Figure E12: Maximum and minimum (red and blue, respectively) daily sea-level measurements.
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Figure E15: Current patterns off the 1UI at three depths (near the sea floor at 39m, 21m and close to the
surface at 5m), during January-March. Rose diagrams present the frequency of a given direction by the size
of petals and the frequency of current velocity [m/sec] by the colored area in each petal.

172



onan PaN Ss.a07

R
700 119X5 DY ARNNRT PART 21197 MR ANY-TINRY 9% 2Py

mow

TPNIA V29977 N9 YD DIPRI NARWA NP2 IR ARW 19797 (0.45um) 5p1 0970 223 HY QORI A7 PaR
NN 72°PW 9w T ,aWwa vTa A2MIM 297 DY ' 4-2 HW 723132 SRYUDI2°1IRIAT 112N [T DY DAt Navina
PRI T12°7 .30 7M23 MPTNA W0 A2 TR WO ORY 72RWT MY NPT PAR MDD INR? oYW 701K
TV TIT NNRT AVW PRI VAW TWH 09707 223 2¥ PART DPwnd 2°awInn (1PNR) 1017 (PaR) Hpwn Sw M7l
33 12N ,TOW PPN LTARWAI YO0 IR ARNTI DNTT YN NI DY 72RW N2IWD NPOOIM TIV0 RIND LYW 1NN
JI2R MPODIN ¥AD1 IR (T12°7) 2w TWM ARNWT W2 2°RIN MTAR DAY IR K22 1R 912w 71900

77292 WY1 21900 (PRI NOOR IR *197) MO0 WA YW MW QY O1YO2IR DITRNA DWW pART W
JRO0IR P2IRD PRI NTI 2T 100D 19w 02017 ,PRYIDINIINIAT 11012 WD WM PART NYPW INRY LR

NIR¥IN

YINT 079 9707 DIORTY DOAPNT 0T 2V YXI20 TN TND TIIN WPI0N PO )T YD 0N D0 PANT 1107 MTTY]
AN27N3 MYT D220 . NYT D200 570 5V 2502 Tann ,(1Powdw 278 7% PNIN NI D190 MWNI3) 1073V 001NN
DI MTIO VIO ,D°0IIWN? T NP NINT? WY PINY TV YIDN? MVANT PINT NI WIN NI 02
[.o7n

PANT NV .07 YOI PR "0 — PIDnn 119X DY PART T112°02 1A72 2w OV 001 N°ION nnNTa a1 nMT2
MARWA NOYMN 1220w MM 2999 AR 72077 2 7137 MR Mpoo 7257 ,2006 NIw vEARD 9°¥0 19IN2 AWyl
7772 TR 27723 NN PART N2 LPIDAY WA PART N1MIN2 QW DW SN A 7AN0N 1T 93PN Twna
WTIN NN 1771 MWK 002717 PART N5 (167 1K) 1007 WTIN2 W 229w PURT SWTINA N0 2°3111 ,27AR
TOWRIW PAX NDI0 TWHA 1TTAN WA N°I0N NNA0NA 7D TV ITTRI WK N MM v ,699 ug/m® ;2015 12nws0
.01 7907

79X7 MR ,NRT QY .27 DOROW 1R IWR PR OVITR 1771 KDY 09941 1°77 197 T 2V 1TTAIW pAR 91100 IS
7AW 1TTAI 027 PART 11277 .7 NN AIRINAD WD MTTA NIN0M PN YR "oPmIaw ,maRwna mvn avw
D132 X .2017 NIwa 02717 parA 17 7 (126 pm/m?) mamipn mawa awsn 71 .86 um/m3 R nonna
Q2721 MR Q2IWH WIPW2 17721 WK AR 2710971 ,9377 702 .90 27123 2°119°7 17721 2017 nIwh nnTipn
.19 7199 1771w 210N

Torfstein et al., 2017: ) 2006-2010 221w 1°2 D100 >7° DY DXTIT PART 2077 DX TNIAT IPMAT OO NN
"2 X¥n1 .(Chemical characterization of atmospheric dust from a weekly time series in the north Red Sea between 2006-2010
DN (292821 777 I02 012 2237V QY AN NN A9 YOPN CWTINA TINI) PIART S00MYA D NNV 2w
YO N 791 TYI2P PAR NWADY ,TIA0T 27VRT 1991 DY 2RI 7NN 7102 2173 2O0MIY) PART 1PN OA
71N D107 PPV 1PN A1 PART 0NV PIPA LANIAT SWTIT TWANA MMPR NN 29V ORI XN 77700 70T
MTI0’T N°12N7 ARKRNTA PR (MIAR MONMY 7192 1130) D°2WN DO0IIVI-1TP7 P01 112 O°1°Wn N°1an (791K
NIITX°T 5V NN TYOWIT PID0IMDR PARDYW T OV AYCA¥A 2% 2192 a-2°917195 MN12°72 NOXIT N21aNY W 2RYn
.71 9% NONWRT

173



Concentrations of Dust in the Air
250
200 -
%150a
=
100 -
50 -
0
op Ly dan Lap Jap L3y Jap Lapn Yap Lo Yop dopn Yap 4
,7\06‘,7\07/7\080\0\90\]007]0720\130740‘150‘16‘0\1),7780\]9

L3R TR ODIY MR MW 1T WO 223 DY MWPI MTITH 2T PYR NKD PAN MM 11677 K
Figure E16: Weekly dust concentrations in the air above the sea. Dust is measured on filters
through which air is continuously pumped.
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Map G1: Study sites of water sampling (surface water and water column). Station B (not shown) is located

10 km south of Station A.
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Table G1: List of stony corals and the number of colonies of each taxa found in the coral reef line-transect

survey, 2019.

Gnus V] KATZA NR Eilat
Acanthastrea 29 16 15 60
Acro/Stylo 4 22 26
Acropora 113 159 194 466
Alveopora 8 1 9
Astreopora 6 11 11 28
Balanophillya 1 1
Blastomussa 4 4
Coscinaraea 18 18 13 49
Ctenactis 1 1
Cynarina 4 2 3 9
Cyphastrea 122 80 78 280
Dipsastrea 170 42 51 263
Echinophyllia 1 6 3 10
Echinopora 33 114 159 306
Erythrastrea 1 3 4
Euphyllia 4 4
Favites 45 14 29 88
Fungia 4 5 1 10
Galaxea 1 11 8 20
Goniastrea 77 75 120 272
Goniopora 2 10 13 25
Gyrosmilia 68 1 6 75
Herpolitha 1 3 4
Hydnophora 3 1 3 7
Leptastrea 70 64 32 166
Leptoria 1 1 2
Leptoseris 13 16 29
Lobophyllia 2 15 72 89
Millepora 94 5 8 107
Montastrea 4 4
Montipora 50 172 164 386
Mycedium 12 20 32
Oxypora 5 5
Pachyseris 2 2 4
Paralemnalia 4 4 8
Paramontastraea 66 80 42 188
Pavona 9 80 26 115
Platygyra 32 12 22 66
Plerogyra 2 5 1 8
Plesiastrea 18 6 13 37
Pocillopora 21 6 9 36
Porites 47 73 72 192
Psammocora 4 36 37 77
Seriatopora 24 1 25
Siderastrea 28 2 30
Stylophora 163 110 82 355
Turbinaria 5 2 6 13

Total 1321 1310 1364 3995
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