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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 the Israel National Monitoring
Program in the Gulf of Agaba (Eilat) - NMP —in 2016. It is divided into chapters
according to habitats and the methods employed by the monitoring program. 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.
Figures and figure captions in this report are given in English.

The NMP has been operating since 2004, collecting continuous standardized data
by using predetermined standard methods and a dedicated team. The ability to review
such consistently collected data provides increased analytical power and confidence in
our findings, opening the possibility to detect 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. We changed the categories to
which reef fish are allocated based on their diet and several other criteria, following
recent developments in that field. We are in the process of changing and refining the
protocol of measuring coral settlement on plates inserted at several reef sites to
evaluate the potential supply of coral recruits to the reef. We changed the protocol of
treating and splitting soft sediments that are collected to evaluate changes to the
meiofauna and benthic communities at two soft-sediment, at the northern and
southern ends of the Israeli coast. Changes were also made to the frequency of
visiting the array of sediment traps that is moored on the sea floor at 600 meters depth
measures the vertical flux of particles descending through the water. Monitoring the
particle fluxes through the deep water column is done in collaboration with Dr. Adi
Torfstein of the Interuniversity Institute and the Hebrew University.

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 1Ul
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.
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Key findings of this year

The coral reefs of Eilat

1. Live cover 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 25.2%, a slight
increase after two years of decrease in coverage (24.1% was the average cover
in 2015). The deep sites, IUI and NR at 20 meters depth, were the only sites
in which a decrease in coral cover was measured.

2. Density of stony coral colonies — The average stony coral density this year
was 29.5 colonies per 10 meter long reef section. The average coral density is
slightly increasing since 2010, although year to year changes are small.

3. Size of stony coral colonies — The characteristic size of coral colonies varies
from one monitored site to another. The shallow IUI site is where the fraction
of small colonies is largest whereas at the shallow NR site it is smallest and
large and huge colonies are more common than at all other sites. The presence
of large and huge colonies at NR-5 facilitates its high coral cover. During the
interval 2008-2012 the number of small coral colonies in Eilat decreased, but
in recent years an increase in coral density including small colonies is
documented. The number of medium size and large colonies also seems to
rise, indicating enhanced growth and survival.

4. 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 shallow NR site has the largest coral colonies
and is also the site where the LTI is lowest. The highest LTI is found at the
deep (20 m) NR and KATZA sites. The average value of this index for all sites
is decreasing throughout the monitored period, but the change are small. It
seems likely that the decrease in average LTI in Eilat stems, at least in part,
from improved coral survival and so from “aging” of corals that accumulate
injuries as time goes by.

5. 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. This is corroborated by rarefaction curves and the expected
number of coral taxa per 1,500 random individuals. Though changes are small,
all these metrics were somewhat lower relative to the previous year. The
community structure of stony corals in Eilat remain stable throughout the
monitored period.

6. Reef flat — Due to its unique character, the reef flat at the coral reserve is
considered separately from the fore-reef sites. Stony coral cover is decreasing
slightly at the reef flat in 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.

7. Permanent photo sites — Stony coral density at the permanent photo sites was
highest in 2009-11, and is rather stable since 2012 — an average of some 16
colonies per photo. Differences between sites are apparent in this survey as
well, and the Dekel site has the lowest coral density. A slight decrease in the
cover area of stony corals at the photo sites is documented since 2013 and at
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10.

11.

12.

13.

most sites (NR being an exception) mortality was greater than recruitment this
year.

The overall structure of reef components at the photo sites is similar to
previous years, but among corals an increased coverage of the soft coral Xenia
is noted, together with an ongoing decrease in the coverage of branching
corals Acropora and Stylophora.

The coral reserve lagoon — The dominant coral at the nature reserve lagoon is
coral Stylophora pistillata (42% of all colonies at the lagoon) followed by the
fire coral Millepora (27%). 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 is still lower than that of the initial years of
monitoring.

Since environmental conditions at the lagoon are harsh, it is dominated by a
number of coral taxa, and coral diversity is low.

Coral settlement in the reef — The NMP started monitoring coral settlement in
the previous year, using settlement plates that were placed at two reef sites, the
nature reserve and the 1UI. Initial results indicated differences between the
sites in the number of settlers as well as in the timing of settlement and
subsequent survival of recruits. This year, the number of settlers on all plates
at both sites were too small to provide reliable information. The results
obtained in the last two years will help adjust the sampling protocol so that
information gathered in the coming years will be more useful.

Sea urchins — Of the invertebrates, sea urchins are the most important group of
reef grazers. Of this group, Diadema setosum is the most abundant urchin in
Eilat and its density increased this year at all sites. The density of the urchin
Echinometra mataei is also increasing in recent years.

Other mobile invertebrates — The density of feather stars sea cucumbers was
higher this year compared to the previous year, and that of sea stars was lower.
The small number of individuals encountered in our surveys makes it hard to
determine how significant these fluctuations are.

In recent years the monitoring team has recorded several basket stars
(Astroboa nuda) individuals. This creature was not present in the initial years
of reef monitoring.

Benthic algae at the reef — Chlorophyll-a measured on settlement plates, and
particularly those protected from grazing, is correlative to the mixing depth.
This year mixing was deeper than in the previous year and accordingly Chl-a
concentrations on plates protected from grazers were somewhat higher, with
peaks early in winter, and later in the year at the end of summer.

Reef fish — Fish feeding on plankton within the water column (planktivorous)
are the most common group of fish in Eilat’s reefs. This group has an
important role of transferring food from lower trophic levels. Carnivorous fish
is the second largest group of reef fish in Eilat and they regulate the population
of mobile invertebrate reef dwellers. Grazing fish (herbivores) comprise a
small portion of the reef fish community, but have an important role in
controlling the growth of benthic algae and thus helping coral settlement and
recruitment.
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Coastal Environs

14. Nutrient concentrations in coastal waters — Concentrations of nutrients are

15.
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18.
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commonly high during winter and very low during summer. The process that
dictates this 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 mixing started early and reached some 500 meters depth
between January and February, but then cooling stopped and mixing ended.
As aresult, most concentration measurements this year were low. Except for
high Chl-a concentrations in January, other values were similar to those of a
shallow-mixing year and the year was characterized by a narrow range of
values between stations and the lack of abnormally high local values.
Pathogens and heteroxenous gut parasites in wild fish (Siganus rivulatus) —
The prevalence and richness of heteroxenous gut parasites in wild fish remains
steady in the past few years, indicating healthy habitats that are required for
these parasites to complete their life cycle. However, in many of the fish
examined this year granulomas suspected as Micobacterium marinum were
identified, indicating that this pathogen is still active at the northern gulf.
Other fish pathogens — Two cases of fish carrying deadly pathogens were
identified this year, by IOLR researchers. In the first case a dying wild fish
was found at the northern beach of Eilat and the subsequent dissection found
Vibrio harveyi, which is a serious hemolytic pathogen of fish. In the second
case two alien reef fish were found at the nature reserve, and one of them
turned out to be infected with Photobacterium damsela ssp. piscicida that is a
cause of mortality in natural fish populations. This case illustrates the
danger of introducing non-native fish to the reefs of Eilat.

Soft sediment sea floor — Soft sediment sea floor habitats at the northern and
southern beaches of eilat differ from one another in their physiographic setting
and the type of sediment. The main sediment component at the north beach is
smaller than 125 micrometer (mostly terrigenous clays), while the at the
southern beach this comprises only about 5% of the sediment and the majority
is of biogenic origin together with mineral sand. These differences together
with other environmental and physiographic differences dictate differences in
the in-fauna population.

Meiofauna and benthic foraminifera in soft sediments — This year we revised
the sampling and processing protocol for assessing the population of benthic
foraminifera at soft sediment habitats. At the southern beach site 39 species
were identified and at the northern beach site 31. The average density of
individuals and of taxa in the sediment was about twice as high at the southern
beach site: on average, 17 taxa and 45 individuals were found per gram
sediment in the southern beach and at the northern beach 8 and 20
respectively.

As for other meiofauna at soft sediments, at both the northern and southern
sites Polychaeta ,Copepoda ,Nematoda are the most common groups in the
past two years. At the southern beach site 15 taxa groups were identified and
at the northern beach site 12. The number of individuals is also larger at the
southern beach site.

Sea-grass — The NMP has monitored sea-grass cover at two sites, at the
northern and southern shores, for two years now. In general, sea-grass
meadows at both sites are extensive, covering much of the available soft-
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sediment seafloor and cover increases with depth at the examined range of 10
to 20 meters.

Sea-grass coverage was lower this year at both site compared to the previous
year. At this stage it is unclear whether these are natural fluctuations or cause
driven changes.

Foraminifera assemblages at the site of former aquaculture cages — Following
the recovery of benthic foraminifera population at the site of former fish
cages, the area was covered by sediment brought in by flash floods in the
winter of 2012-3. In subsequent years 2013-2015 a rapid recovery was
documented and a rise in the number of individuals was recorded. This year, a
decline in the density of foraminifera individuals was noted at most sampling
points close to the site. The number of taxa present, on the other hand,
remained high and perhaps even increased — although this could be an artifact
of improved classification ability. The reason for reduced individual density is
not known. A flood originating from the eastern coast (Jordan) spread over the
region in the previous autumn (see NMP scientific report 2015) and may have
impacted the infauna population.

The deep water column

21.

22.

23.

24,

Vertical mixing — This year saw early and rapid cooling of the water column,
and between the survey cruises of January and February vertical mixing
reached 500 meters (in the previous three years mixing was 300 meters or
less). But as early as mid-February mixing stopped and a shallow thermocline
formed near the sea surface.

Concentrations of oxygen and nutrients in the deep waters — The water column
was mixed to an intermediate depth (500 m) this year and the deep waters
continued to accumulate nutrients and to be depleted of oxygen. Nevertheless,
four years after the last deep mixing event, nutrient concentrations in deep
water are lower (and oxygen concentrations are higher) than they were before
the mixing of 2012, and much so compared to the values measured in the
initial years of monitoring.

Chlorophyll-a, phytoplankton and primary productivity — Concentrations of
chlorophyll-a were surprisingly high in the last two years, even considering
this year’s somewhat deeper mixing. High Chl-a was measured in February
and in March and phytoplankton concentrations in March were even higher
than in 2012 when mixing was much deeper. Relative abundances of
unicellular plankton were also different this year compared to previous years.
Primary productivity peaked in April, but overall productivity was not as high
as expected considering the mixing depth.

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 resolution 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.

Zooplankton — The biomass concentration of zooplankton in February this
year was the highest measured so far by the NMP. Monitoring zooplankton
biomass started in 2011 and does not include the deep mixing years of 2007
and 2008, but there was more zooplankton this year than in 2012 when mixing
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was much deeper. It would seem that zooplankton population size follows
phytoplankton concentrations rather than being directly correlated with mixing
depth.

Vertical fluxes of particulate matter— Sediment traps to measure vertical
particle fluxes are deployed as part of a joint project of the NMP and Dr. Adi
Torfstein of the Hebrew University/IUI since 2014. This winter two short
duration spikes in particle fluxes, in Dec. 30, 2015 and in Jan. 14, 2016, were
detected. These do not correlate with known external events and probably
represent internal mixing dynamics in the water column. The process is not
clear is subject to ongoing investigation. Generally, particle fluxes are higher
in deep traps, particularly during winter, while daily resolution measurements
in mid-column illuminate the significance of short-duration events on the
overall accumulated fluxes.

Supplementary continuous measurements

26.

27.

28.

29.

Sea surface chlorophyll-a next to Eilat's coral reef (daily measurement) —
Maximal chlorophyll-a concentrations were measured in February and thus
this year is similar to recent years in which rapid cooling started early and
ended early and significant “spring bloom” does not occur. The peak Chl-a
concentration measured this year was higher than that of the previous year,
and much higher than the long-term average for the month of February.

Sea surface temperatures next to Eilat's coral reef (daily measurement) — Sea
surface temperature was close to the multi-annual average in January and
February and higher than average between late February and September. Late
in the year SST returned to average seasonal values. The annual average SST
was similar to the previous year and an overall rise in SST next to the nature
reserve reef is documented since 1988.

Sea surface temperature and air temperature above the sea surface (continuous
measurement) — The lowest temperature recorded above the sea surface at the
IUI was 6.7 degrees centigrade, in January, almost a full degrees lower than
the previous year — explaining the rapid sea surface cooling early this year.
The lowest SST measured this year, however, was similar to that of the
previous year (21.2 degrees centigrade, in March after mixing has stopped).
Rain events — A (relatively) large number of rain events occurred this year (6
were recorded by the NMP). The largest event was a thunder storm in October
27-8 during which 27 millimeters of rain were measured by the NMP at the
IUIL. Terrestrial waters flooded into the Gulf and turbidity at the shores of Eilat
was high for several days.

Multi-annual variations and trends

The coral reefs of Eilat

1.

Live stony coral cover — Live coral cover is the foremost metric reflecting the
state of the reef. Over the years live coral cover fluctuates and this year, after
two years in which it has somewhat decreased, coral cover has increased at six
out of eight monitored sites driving an increase in the average cover in the
Eilat reefs.

During the initial years of monitoring (2004-6) average coral cover inEilat was
19-20%. In the interval 2007-12 average cover increased and fluctuated in the
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range 21.5-23.9% and in 2013 the highest average cover was recorded: 26.4%.
In the previous year average coral cover was 24.1% and this year the average
coral cover at Eilat was 25.2%. Throughout the monitored period there is a
clear rise in live coral cover at the monitored reefs of Eilat.

2. Stony coral density and size — Average coral density between all monitored
site is gradually increasing since 2010 and is higher than that of the initial
years of monitoring, although year to year changes are small. Throughout the
monitored period there is also a gradual increase in the fraction of medium and
large size coral colonies, indicating improved coral survival over time.

3. 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.

4. 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 and an increase in the number of sea urchins other than the
dominant D. setosum.

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. But, in recent years abnormally high concentrations of nutrients,
particularly at the northern sampling stations, are occasionally recorded. This
year abnormally high nutrient concentrations at coastal stations were not
detected.

6. Heteroxenous parasites in wild fish — Heteroxenous parasites require several
habitats to complete their life cycle. Their presence and abundance in the guts
of wild fish may indicate the state of those habitats. The prevalence and
abundance of heteroxenous gut parasites in wild Siganus rivulatus caught at
the southern shore of Eilat remains stable in the recent years — and higher than
it was in 2009-10. This may indicate resilience of the local habitats required to
complete their life cycle.

7. Pathogens in wild fish —Micobacterium marinum, a deadly pathogen, is still
present and active at the northern and southern shores of Eilat, though its
abundance may be somewhat lower than it was in the past.

This year other potentially harmful pathogens were identified in Eilat by
researchers from IOLR. In one case, the pathogen was hosted by an alien reef
fish that was found at the Eilat nature reserve reef. This case highlights athe
danger of introducing non-native fish to the reef.
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8.

Benthic foraminifera in soft sediment at the former location of aguaculture
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 much more
rapid than the recovery from the local impact of aquaculture cages and is still
ongoing.

The deep sea water column

9.

10.

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 year’s mixing was to an intermediate depth, some 500 meters, and it is
the fourth year in which deep waters are not mixed with surface waters.
Therefore, nutrient concentrations were higher and oxygen concentrations
lower than they were in the previous year, but these values are still less acute
then the values preceding the deep mixing of 2012, and much less than the
values recorded before deep mixing in 2007-8. Likewise, the calculated
nutrient stores in the deep sea water column are lower than those of the period
2009-11, the shallow-mixing years of the previous cycle. Thus, even
considering the large annual fluctuations, there seems to be a gradual decrease
in deep-water nutrient concentrations.

Water temperature — The temperature measured in the deep water was at a low
in the years 2007-8 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 rise in sea surface temperatures in
Eilat, at an average rate of 0.037 degrees per year, is documented since 1988.
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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 Ul (1), the Nature Reserve (2) and the
oil terminal (3). Black scale line is 100 m.
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Figure B3: Average live stony coral cover and colony density at each site, in 2016
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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 2016. The percent cover
and colony density of live stony corals on hard consolidated seafloor at each monitored
site.
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Figure B7: Left - The average live stony coral cover at each site, as percent of total area
(top, the northernmost sites at the oil terminal, and bottom the southernmost sites of the
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Marine Science Laboratory). 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 B8: Left - The average number of live stony coral colonies per ten-meter section
at each site (top, the northernmost sites at the oil terminal, and bottom the southernmost
sites of the Marine Science Laboratory). Right - Utilization of rocky substrate for stony
coral settiment (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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Averages Average
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27.74 31.56 17.29 25.21
7.88 18.42 5.81 11.58
1.52 2.38 0.90 4.09
0.28 0.58 0.34 0.46
5.00 2.54 0.99 2.68
4.85 3.38 1.25 2.23
0.93 0.44 0.19 0.79
0.97 1.33 1.26 0.83
32.29 41.02 51.11 42.48
11.53 27.64 14.30 18.51
2.22 3.57 2.21 6.55
0.36 0.67 0.28 0.44
28.23 15.12 25.72 22.74
7.55 10.83 12.03 9.05
1.45 1.40 1.86 3.20
0.27 0.72 0.47 0.40
5.55 9.53 4.36 6.30
3.37 9.98 3.12 4.89
0.65 1.29 0.48 1.73
0.61 1.05 0.72 0.78
41.28 51.64 36.64 43.34
7.34 14.99 10.72 8.27
1.41 1.94 1.65 2.92
0.18 0.29 0.29 0.19
38.04 26.08 26.26 29.54
10.18 14.18 7.55 9.91
1.96 1.83 1.17 3.50
0.27 0.54 0.29 0.34
56.96 45.28 56.35 52.73
10.46 16.12 16.13 9.56
2.01 2.08 2.49 3.38
0.18 0.36 0.29 0.18
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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 B9: 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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Cover vs. Density 2016
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Figure B10: Stony coral cover versus the number of stony coral colonies in an average
10-meter transect at the surveyed Eilat reef sites
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Figure B11: 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<5 cm; 5 cm <Medium< 15 cm;
15 cm <Large< 30 cm; Huge>30 cm.
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Live Tissue Index 2016
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Figure B12: The Live Tissue Index (LTI) for corals in the surveyed sites. The LTI is the
site average of the percent area of live/healthy coral tissue for each living colony.

DNXR 772 ARNWAR MIADY 112 2OM1W 1Y N DY 2MALRA NN R0 TR NR 2pyn
AN TN VYA TN AP 7T TTA1 TIWS WA DP9 2PY T2 2°9727° MYAwn 0 wR 12
DR NPIWD YXINAT TR0 T ,07P030 DOINRT AW TIND WO DTN mIwh IRNwaa
nTPn M2 85.8% nmwv? 85.3% mawn oo

TP 772 TV A7 NIDXI ML I NDIPN TNRY NR NPIIW 2OANORT TO 2V 0995 vana
79V 7n9x1 2012-1 2007 2°2w21 79737 A1K 7 3707 (132 1K) 200K 92 YW vRImna 3o
DOIWI 12 DONNIRA TN AP T TV W A7 D X7 DO99IT 730 29I LTI 7Va
il Rhh

72U77 MARD WK ,2OINRT 2172 MAVIAT DT 00V WP NOWANAT 3707 00 1on°
D°INR2 MDY NI NIRRT T2 3P DOPRA AYADY AN 7123 DROXIVIDY AN 27 AT DRI
DOAAYRI WK N 222\D°ITA 2OAMIRA NYVAD DOPRR IMRNW N1IR 00T DOAAYRT 02
NMIN2N07T 3 IR, TR 19927 XY V007 OV MR’ 22IUR DPAAPRY PR MR — 22 v\DoIp
2% QY 9 MY YW MNavym gvean’

39



100 4

95 1

90

85

80

75 1

Live Tissue Index [%]

——Katza 10
——Katza 20

——Eilat Average

100 4

95 4

75

70

90
85 1

—NR5
—NR 10
—NR 20

—Eilat Average

100 1

95

90

85

80 1

75 A

70

00, e 0y <01, ?079 <07, <074

—&— Eilat Average

100 4

95

85

80 1

75 1

IR A A

U5
IuI10
U115

—Eilat Average

70 L p— —

9

x> O ©
P & &
AT AT AT AR

noR2 (LTI) 20398 Mmawnns o 7epn D2 w31 1RT o8 DY 203 mhRT 23122 110w 1132 1R
ST s
Figure B13: 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 B14: The Shanon-Wiener diversity index of coral taxa estimated 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 B15: 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 - 2016
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Figure B16: 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 B17: 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 B18: The twenty most abundant coral taxa in the reefs of Eilat during the
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monitoring period, arranged according to their abundance in 2016. 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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Averages Average
Katza Katza
10 20 NR 5 NR10 NR20 Ul 5 1UI 10 IUI'15 Katza NR 1UI Eilat

Acropora 5.65 7.85 5.02 3.89 8.35 3.30 5.50 3.03 6.55 559 3.99 5.32
Stylophora 3.21 2.53 3.78 1.10 0.72 3.41 2.63 190 | 293 202 259 2.41
Lobophyllia 0.25 0.27 17.13 0.17 0.91 0.07 0.11 009 | 0.26 6.88 0.09 2.37
Echinopora 1.99 2.50 7.63 0.35 3.23 0.13 0.24 0.41 220 395 0.27 2.06
Montipora 3.24 3.12 1.17 0.63 5.96 0.22 0.39 0.97 319 235 0.55 1.96
Favites 1.61 2.32 0.57 0.53 2.26 0.72 1.25 1.05 190 1.04 1.02 1.29
Goniastrea 131 0.97 3.55 0.21 0.92 1.69 0.42 0.36 1.17 1.69 0.76 1.18
Porites 1.26 1.34 0.80 0.68 2.88 0.03 1.05 1.05 1.29 135 0.76 1.14
Cyphastrea 1.82 1.29 0.66 0.19 2.25 1.20 0.96 0.63 1.60 095 091 1.13
Favia 0.54 0.83 0.18 0.96 0.68 2.78 1.23 1.09| 066 058 1.62 1.04
Pavona 0.62 2.79 0.10 0.00 0.57 0.15 0.12 0.34 151 020 0.21 0.59
Pocillopora 0.28 0.29 0.54 0.39 0.18 0.51 1.50 049 | 029 039 0.85 0.52
Leptastrea 0.22 0.85 0.79 0.20 0.31 0.38 0.64 032 | 048 046 045 0.46
Mycedium 1.29 0.41 1.55 0.00 0.13 0.00 0.10 009 | 093 0.63 0.07 0.45
Psammocora 0.49 1.14 0.15 0.17 1.35 0.00 0.10 0.11| 0.75 0.49 0.08 0.44
Plesiastrea 0.09 0.02 0.12 0.03 1.40 0.41 0.50 0.11| 0.06 045 0.33 0.33
Millepora 0.03 0.05 0.03 0.00 0.18 0.93 0.75 052 | 0.03 0.06 0.72 0.31
Astreopora 0.01 0.15 0.07 0.69 1.29 0.00 0.00 0.08 | 0.07 0.63 0.03 0.29
Platygyra 0.04 0.32 0.87 0.00 0.54 0.37 0.11 0.00 | 0.15 049 0.15 0.28
Turbinaria 0.28 0.32 0.16 0.32 0.09 0.74 0.22 001| 030 0.20 0.30 0.27
Stony corals 25.06 3165 4598 12.03 35.04 1770 19.15 15.10| 27.74 31.56 17.29 26.11

B2 2w PRIANT MVIDT TR MWL AR (DO TN 950) 2IRIDIT 2INMONT 2wy 132 THaw
SMWSIT SINRD TR
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 B18: 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 B20: Percent cover of live corals and density of coral colonies on the reef table
since 2007.
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Figure B21: 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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Rank | Reef Table Reef Front
1 Platygyra Acropora
2 Acropora Stylophora
3 Millepora Lobophyllia
4 Echinopora Echinopora
5 Favia Montipora
6 Stylophora Favites
7 Favites Goniastrea
8 Porites Porites
9 Hydnophora | Cyphastrea
10 Goniastrea Favia
11 Cyphastrea Pavona
12 Acanthastrea | Pocillopora
13 Pocillopora Leptastrea
14 Seriatopora Mycedium
15 Leptastrea Psammocora
16 Lobophyllia Plesiastrea
17 Psammocora Millepora
18 Pavona Astreopora
19 Echinophyllia Platygyra
20 Leptoseris Turbinaria

JINT NRTR SINRIY DO IO (09D MIAR 950) 2OBIDIT JANRT MMRONR 20y 42 haw
Table B4: The twenty most abundant stony corals (by cover percentage) at the reef table

and the reef front sites.
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Figure B22: 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 B23: Sites of the photo-survey of coral reefs along the Eilat coastline
(green markers).
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Figure B24: 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 B25 : Eight years of documentation at permanent photo site Nature Reserve,
point A, looking west.
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All colonies captured in the permanent photosites
Site No. of Branching stony Non-branching stony | All colonies (stony, soft
Pictures corals corals and others)
No. of Area No. of Area No. of Area
colonies colonies colonies

NB
Dekel 14 28 2,465 102 20,262 163 25,073
Katzaa 23 100 5,512 325 14,501 572 23,285

NR 28 126 6,990 365 22,168 580 31,334

U1 24 84 4,855 469 12,933 648 19,315
Taba 14 29 3,830 153 12,506 248 19,126
Total 103 367 23,651 1,414 82,369 2,211 118,133

Colonies captured in full and considered for "growth" calculations
Site No. of Branching stony Non-branching stony | All colonies (stony, soft
Pictures corals corals and others)
No. of Area No. of Area No. of Area
colonies colonies colonies

NB
Dekel 14 12 1,047 40 3,337 72 4,891
Katzaa 23 61 3,382 214 4,677 328 9,417

NR 28 73 3,382 212 6,670 330 11,026

Il 24 50 2,463 344 8,617 449 12,193
Taba 14 15 666 83 3,209 126 4,488
Total 103 211 10,940 893 26,511 1,305 42,016

2016 737 nIwa 21997 P2 IDORIW DINMYNT N2 DORY 2OV N1 21990 152 Thaw
2ohop D2 29N 2omuw Nl .(K-pixel-2 1In2) hw abisnn Yuvn nuw X7 'avmhR nawn e
JUNIMRT U 29mIHIRs D190 B nvwan DI MIapw 2w PR RN e v Jnhw nan by

STTORE 2O TNIY INDRD TR VR NIRRT TURDY MawnT B ahynb
Table BS: Summary of the areas and number of corals surveyed in the 2016 photo-
survey session. The “area” of a colony is its pictured area given in k-pixels. Areas are
given in pixels to allow for inter-annual comparisons and to avoid inaccuracies of
calibration to “real” surface area.
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Figure B26: Top — Changes to the stony average number of stony coral per picture
recorded in the permanent phot-sites, and the Eilat average, since 2004. Bottom — the
changes in stony coral number per measuring unit in the line-transect survey (red) and
the permanent photo-site survey (black).
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Figure B27: Distribution of the main taxa groups comprising reefs at the permanent
photo-sites in 2016, according to the relative (percent) area which they occupy.

INR2 P7 9952 DPAMDRT 9922 NN 215 5Y Mawa 0173 2w (C1501) ATV KX MW
°2 DMLY 01 21 190 DM Pw MRNW (282 T1R) 7217 23 R¥MAI JART ANIRI 2N 7N
TMRNA IRYIND TIRW AUWT °3 M7 (2009 11037 12350 7M7) MAw DNV MAY™N
295012 77 ,X"'T) MAWNI DY ANMAN AT 2°INRT 212W T2 ,MAYINT A0 Tuwnn T
T72RN IRXIND 7770 DR JIRD WYW 7 0237 IOW DW NV AT 972 Ivn (Mawnan
%R M T3 RIT NN

ssq, . New Recruits and Newly Deceased (all corals)

20% -

15% -

10% A
) .
0% - T T

Dekel Katzaa NR Ul Taba
B gone M Recruit

57



1a% - New Recruits and Newly Deceased (stony corals)
12% -
10% -
8% -
6% -
4% -

2% -

0% -
Dekel Katzaa NR Ul Taba
B Gone M Recruit

2OINR2 (FTURY) 1R MMRHR D (Thrnb) 29307 Do 20 mbR Mawn DR anven nawny (282 1R
MR 90N BIMININD QIR 2IINIT 2IINNIT T2 IRMWT WORD nan By 2016 niwa avmbisng
N2
Figure B28: Colony recruitment and death for all corals (top) and for stony corals only
(bottom) at the photo-survey sites in 2016. To allow a comparison between sites the data
are presented as percent of the total number of colonies at each site.
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Figure B29: Top - changes to the average area of stony corals per picture at the
permanent photo-sites since 2004. Bottom - changes in the average stony coral area per
picture in the ""Eilat Reefs", measured since 2004 in the permanent photo-sites.
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Figure B30: The twenty most abundant corals (by area) in the 2004-2016 photo-surveys.
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Figure B31: 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 B32: Relative abundance (by colony number) of the 10 most abundant coral
genera in the lagoon (these total about 97% of all colonies).
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Species N Relative abundance (%) N/m?
Stylophora | 92 41.82 0.95
Millepora 60 27.27 0.62
Favia 19 8.64 0.20
Rhytisma 15 6.82 0.15
Favites 12 5.45 0.12
Acropora 5 2.27 0.05
Sinularia 4 1.82 0.04
Seriatopora 3 1.36 0.03
Stony sp. 3 1.36 0.03
Acanthastrea | 2 0.91 0.02
Porites 2 0.91 0.02
Litophyton 1 0.45 0.01
Soft.sp 1 0.45 0.01
Tubistrea 1 0.45 0.01
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Table B6: 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 B33: The average density (colonies/square meter) of the main coral genera found
in the lagoon in 2004 - 2016. 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 B34: 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 B35: A coral settlement plate pictured under the microscope, showing two tiny
coral colonies (circled).
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[On All Plates] [Number of Polyps] [Number of Polyps]

NR
6-May-15 19-Aug-15 105 43 1--52 6.3
6-May-15 10-Nov-15 188 17 1--31 11.8
19-Aug-15 11-Jan-16 145 1 4 4.0
10-Nov-15 10-May-16 182 2 1 1.0
11-Jan-16 13-Jul-16 184 8 1--13 5.3
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Table B7: Coral settlement on plates placed at the nature reserve (NR) and
Interuniversity Institute (1UI) reef sites.
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Figure B36: Two tiny coral colonies, containing two polyps (left) and six polyps (right)
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Figure B37: Belt-transect survey of motile invertebrates: a diver holding a T-shaped
stick passes along a measuring 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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Diadema 1.05 210 0.38 76 0.81 322 0.33 133 0.48 121
Other Urchins 0.20 40 0.02 4 0.86 343 0.02 8 0.47 117
Total Urchins 1.25 250 0.40 80 1.66 665 0.35 141 0.95 238
Starfish 0.00 0 0.00 0 0.00 0 0.01 3 0.00 0
Feather star 1.28 256 0.85 170 0.69 277 0.49 195 0.01 3
Sea Cucumber 0.04 8 0.05 9 0.11 43 0.09 35 0.08 19
M? surveyed 200 200 400 400 250
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Table B8: Total abundance and average density (number per 1m?) of mobile
invertebrates at the monitored sites.
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Figure B38: The average density (per m?) of mobile invertebrates (top) and sea urchins
(bottom) at the sampling sites.
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Figure B39: The average density (individuals per m?) of Diadema setosum (top) and
other urchins (bottom) at the sampling sites.
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Figure B40: 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 B41: 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 B42: A) Algae settlement plates. Two plates in the array are exposed to grazing
by herbivores, and two are protected by a wire cage. Photo: Nitzan Segev (B) Every
month divers replace the two settlement plates that have been in the sea for two months.
Photo: Ruti Reef.
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settlement plates since 2004. Each point represents one month (calculated as an average
of three plates submerged in the sea for two months).
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settlement plates since 1997. Each point is an average of three plates submerged in the
sea for two months.
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Figure B45: Average chlorophyll a on exposed (diamonds) and caged (squares)
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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= Benthic Algae vs. Mixing Depth
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Figure B46: The annual average potential benthic algae growth on the reef slopes across
the 1UI versus the mixing depth, since 2004.
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Reef Fish Sorted by Diet
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Figure B47: Distribution of the number of reef fish according to trophic level since
2007.
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o
Taxa % Schoolin Di g g é
E g iets 5 -—gr §
¥ 8
Blenniidae/Gobiidae Sol HD/OM Bottom 38
Mullidae (parapeneus) S-M Group IM Bottom 94
Pseudochromidae @ Sol IM/PK Bottom 45
Scorpaenidae, Synanchiidae ?5_ Sol FC/IM Bottom
Synodontidae & | Sol/Pair FC Bottom 4
Pinguipedidae Sol/Pair FC Bottom 7
Tetraodonitidae/Diodonitidae Sol/Pair oM/IM Bot./Low 4
Acanthuridae S Group HD Bottom
Zebrasoma, Z. desjardinii, S Group HD Bottom 29
Ctenochaetus striatus/Acanthurus nigrofuscus S Group HD Bottom 52
Balistidae Sol IM Bottom 32
Chaetodontidae S-M Group/Pair  IM/IS/OM  Bot./Low
Heniochus sp. S Group PK Low 4
Other: C. fasciatus, C. austriacus, C. auriga, paucifasiatus, semilarvatus M-G/Pair IM/IS/OM  Bot./Low 49
Labridae Sol/S-Group IM Bottom
Thalassoma sp. S Group IM/PK Bottom 48
Coris aygula Sol IM Bottom 3
Gomphosuse caeruleus Sol IM Bottom 14
Labroides dimidiatus Sol IM Bottom 12
Cheilinus lunulatus Sol IM Bottom 2
Bodianus anthioides Sol IM Bottom 14
Other Labridae Sol/S Group IM/PK Bottom 6
Ostraciidae w | Sol IS/IM Bot./Low 2
Pomacanthidae % Sol/Pair HD/IS/IM  Bottom 2
Pomacentridae 3 | S-L Group OM/PK Bot./Low
Ampbhiprion bicinctus ,','P S Group PK Bottom 4
Dascyllus aruanus & | MGroup PK Bottom 25
Dascyllus marginatus & | M Group PK Bottom 111
Pomacentrus sulfureus S Group oM Bottom
Neopomacentrus miryae L- Group PK Low 850
Pomacentrus trichourus S- Group oM Bottom 125
Abudefduf sexatilis S Group oM Low 5
Chromis dimidiata M Group PK Low 33
Chromis viridis L Group PK Low 701
Other Pomacentridae: Neoglyphidon melas, Amblyglyphidon sp. S-L Group OM/PK Bot./Low
Scaridae Sol/S Group HD/OM Bot./Low 73
Pterios sp. Sol FC Bottom
Serranidae Sol/L Group FC/IM/PK  Low 3
Variola louti Sol FC Low 13
Pseudanthias squamipinnis L Group PK Low 528
Other Serranidae: Epinephelus sp., Cephalopholis sp. Sol FC Low 30
Siganidae Sol/Pair OoM/IM Bot./Low
Lethrinidae Sol/S-M Group  IM/FC Bot./Low 5
Atherinidae p] L Group PK High 1300
Caesionidae & | LGroup PK High 2
Others 6
Total 4275
Corals with fish 93
Corals without fish 94

SIRDR DI N DR ONINTI PRI 23T NYSR 92 havy
Table B9: Fish abundance of at the Coral Beach Nature Reserve.
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Figure C1: Map of the coastal-water monitoring stations in the territorial waters of
Israel in the Gulf of Eilat.
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Table C1: Locations of the coastal-water monitoring stations.

84




MR¥IN

2990 TR
(pH) 2°n7 N1 ¥MEIn N

INY NN 0°190 D730 17723 IwN PH 2999 D9 98 2077 MOen T 39V (NI
MW IND 0N DRXWT D277 .0°2°37 89 0> 1wd 2006 2021 w2 7 2003 102N 2T
2°7°921 2003 120028 200 1772w 229790 0017 2006 910 18 007707 D277 .28 0257 2007
ow ,2005 M7 1172 MoxD 710232) PH 29902 1w 5w 0 NIVIN 7000 TAND 1 N9 0D o Yy
(R mTTH V3T

0771 27123 PH 37 12 "N NI 0T .POP TWR 590 7772 ,0°011 A2 pH-T o
99397172 pH -7 7Y 17 AW 227910 4702 22771 NP0 0911 233 1'NOM 1P W TIN
MOWH "2 TAXT T PRIV 7 1997 21279 12 IR WTIN 7277 ,NaTIP MWD ARNWN2 052
7771 N2 M7 pH-T T (23 9°R) NPOINT MINN2 2917 20w Mnoi 202 8.158 -5 7
QTR 79K 227 .N1OINT MANN2 017 027y av ,8.234 =% mns 001 ¥ 1 wTIna M
oI MR MInn2 2006 20PN TR TR WK pH-T 7Y Mok %N

2008 yIn w72, 1T 17150 NIA0PA TTAIW N2 Tt T R 8.118 Hw 72 7w
PR DW 1D AN O°2TT 22175 19712 2PN L,(ANA PINYR 2129 1112)

pH
8.35 -
— FF
8.3 - — NB
= Nav
8.25 - Y
—PT
8.2 1 —— WPC
NR
8.15 1
Taba
8.1 - 0s
004700500500 ~005005-07,507 ;07 507 507 107,507,

2006 221X TR 20T NN 92 2w pH 90Ty 123 R
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) 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 C11: Secchi depth measurements at the coastal water sampling stations since

2004.
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No. location W(e;?)ht I?gr?qt)h I%Erg:;gh sex | Scler. | Gyliauc. | Proc. | Cucul. | Opist. | Hexan. date
2710161 Ul 147.3 23 8 | ND 6 7 1] 27.10.16
2710162 Ul 118.7 20 7 | ND 2 6 27.10.16
2710163 Ul 166.7 | 23.5 8 | ND 2 27.10.16
2710164 Ul 165.6 | 23.5 8 | ND 2 3 27.10.16
2710165 IUI 169.9 24 8.5 | ND 3 27.10.16
2710166 Ul 168 | 23.5 8 | ND 1 2 1 3| 27.10.16
1810161 19]} 215.7 24 8.5 | ND 17 2 18.10.16
1810162 19]} 206.8 | 25.5 7.5 | ND 5 18.10.16
1810163 Ul 202.3 26 9| ND 13 1 1 18.10.16
2911161 19]} 223 27 8 | ND 1 1 29.11.16.
2911162 Ul 1749 | 25.5 9| ND 1 1| 29.11.16.
2911163 Ul 183.7 24 8 | ND 1 29.11.16.
2911164 Ul 158.5 | 23.5 8 | ND 18 2 29.11.16.
2911165 Ul 187 | 24.5 7.5 | ND 25 29.11.16.
2911166 Ul 128 21 7.5 | ND 2 | 29.11.16.
712161 Ul 186.9 24 8 | ND 3 7.12.16
712162 19]} 139.1 | 21.5 7.5 | ND 1 1 7.12.16
712163 19]} 190.2 | 23.5 7 | ND 2 2]7.12.16
712164 19]} 127.8 21 6.7 | ND 7.12.16
912161 19]} 167 | 22.5 7.5 | ND 1 9.12.16
912162 Ul 156.5 23 7.5 | ND 5 2 3 9.12.16
912163 19]} 118.2 | 20.5 6.7 | ND 9.12.16
912164 Ul 102 | 20.5 7.3 | ND 1 1]09.12.16
2012161 Ul 188.1 24 8.6 | ND 1 1 20.12.16
2012162 Ul 182.3 24 7 | ND 1 2 3 31 20.12.16
2012163 Ul 168.6 | 22.5 7.5 | ND 2 20.12.16
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Table C2: Helminth parasites found in Siganus rivulatus sampled near the 1UI.
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Figure C13: 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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Figure C14: Prevalence of the six gut parasite species examined in S. rivulatus.

771 P. elatensis -1 S. rubrimaris 0°7°5077 12¥ AP2777 DRXY MNINKRT 22Wn WIPwa
TR D°2°°P7 0NN MR (153 1K) 203w P2 MTIAN IRYAI 02N 2°9°00 12,77
WA 197077 °372 D°I0PIN0T 2277002 MYPALT NAXIY MW DX PORYn 1DIR NI NIWOR:

MIANRG 0°1w2

Intensity of Infection
Lo 18 -
2 16 -
i 14 - m 2009
8 12 A m 2010
o 10 A
£ g = 2011
£ g
§ 4 m 2012
8 o = 2013
S 0 = 2014
=+
\ 0 A5 RN
(9‘0"\«\3( \.\,a\)c‘“e(\s . e\a‘e«: .. oe? QO‘,\dessﬁ’*a“@\)«\sQ 2015
i ! “\sxo%°“° e 2016
o

SV 199057 OAT2 DIPTAIT 2YURAN YIDY N0 TR NMIYIANT Ny 155 R

Figure C15: Intensity of infection of the six gut parasite species examined in S. rivulatus.
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Figure C16: Bush Index for the importance of infection of the six gut parasite species
examined in S. rivulatus.
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Figure C17: Wild Chaetodon lineatus found dying at the North Beach from hosting
Vibrio harveyi pathogene, Photo curtesy of NCM .
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Figure C18: Grain size distribution (weight percent) for soft sediment in two sites, at the
north beach (NB) and south beach (SB) of Eilat.
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Nonion spp
Ammonia spp
Assilina amonoides

Species Found

SB

*

*

NB

*

*

Articulina antilarum
Articulina pacifica

Epoindes repandus

Species Found

SB

*

*

NB

Amphistegina lessonii * * Elphidium spp *
Bolivina spp * Elphidium jeinseni * *
Fursenkoina sp. A * Cibicides spp *

Brizolina (Parabrizalina cf. africana)

Pseudocibicides

Spiroculina * * Textularia spp *
Triloculina trigonula * Peneroplis planatus * *
Millionella sp. * * borealis * *

Pseudotriloculina sp. A * * hauerina *

Pseudotriloculina sp. B

Quinqueloculina sp D

Hauerina diversa

Ampbhisorus hemprichii

Quinqueloculina sp E * * Sorites * *
Epistomoroides punctatus * others * *
Discorbinella rhodiensis? * Pyrgo sp *
Cycloforina sp. B * * Planogypsina *
Lachlanella sp. A * Miliolides1 * *
Cymbaloporetta sp * Miliolides2 * *
Labrospira jeffreysii * Miliolides5 *
Juvenile Rosalina * Miliolides6

Rosalina spp

Reusela spp

Millionella sp. A
Juvenile miliolides

NI NN DRI NITT NN TIWT VTR T VIRITOT VIO 2OIINID 2YIDO1MTD V1R 133 1Than
T
Table C3: Benthic foraminifera identified this year at the North and south beach sites
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15 37 1777 7307 IR .MNINRT 2N 2°INKRT 1WA VIR°T02 NP2 MXIIT 17 Nematoda
MR W 192 ,7MINTT N2 N 21TA 2VIDT 50N DA L,(43 7220) 12 MND¥T N2 MK
.(193 71°X) Nematoda ,Copepoda

OR — 7912 1D NN ,TIWT IWRD N D173 D°VID D0R AT NI REAI NATIPA 7w
JUPR @AW 12 9727 219X A2 0
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Polychaeta
Amphioxus
Copepoda
Ostracoda
Tanaidacea
Amphipoda
Cumacea
Nematoda
Bivalvia
Gastropoda
Isopoda
Ophiuroidea
Anomura
Decapoda
Sipunculidae

NB SB
* *

*
* *
* *
* *
* *
* *
* *
* *
* *

*
* *
* *
* *

*

ANR2Y ONDVT HITT NN TIWT W (209229378 HRID KD) T VIRITON AW MR 145 ahaw

SRTA AR

Table C4: Meiofauna groups identified this year at the North and south beach sites
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Sipunculidae
Decapoda
Anomura
Ophiuroidea

¥ |sopoda

B Gastropoda
Bivalvia

B Nematoda

B Cumacea

B Amphipoda

H Tanaidacea

B Ostracoda

B Copepoda

B Amphioxus

B Polychaeta
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Figure C19: 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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Figure D1: Temperature profiles measured using a CTD during the monthly monitoring
cruises. Station B is the southernmost and deepest (>800m) and was sampled in March
and October. 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.

NYNIMA .00 NTINYA D1ODIRT 21OW-212Y7 NIAY DNAT RIT AT OWTINA 2O MR
TWNY PRIV OX 91 07 01D PW MNP N7 NPT DOIWN TWRD 00T DY 922 203 10001 T
Biton & ) @177 7N @°an @ NI T O¥ 1IRNIT 93 0731 210w 1PN 212797 10 .21

.(Gildor, 2011

7227 172 203w wIPw 179N ,2004 TRA 7037 1PN YW 79707 MUY nowpn qwna
2129977 IR (27 71°R) 2012 -1 2008 ,2007 0°aws A 7Inna 007 DYRIRY TY 00N N7y
PRIYY 212997 70 7AW ,000n 300 -0 T, 7177 2020 Yw 2w wow 1 2012 naw Hw iy
.7292 798P 79PN Wil IR L0000 500 v ona

Y2°19D 11022 1DONI N7 12507 0% 727 2°001) 2000 NIW TR ,AN IR INVY VAR
QD701 PRIV AW AR ,(777 .2 'D199) 1IN 0 '9195/7 YW oM TN DN "DIowiT IND"
T0IDAY MW 22I3°1 ,7IWT 21270 ARXIND L2012 nIwa prava 2127vn KD 03 onnnn
NI2°1 owY ,7um) vk 600 ,0°91730 2P D037 9K IR ,DOTITIT QPRI TN %R
(37 1R) P on W Nownnn Mnanna

114



Depth [m]

Temperature [°C]

o,
200 -
400 -
600 -
8
g
T o T e %Islguuumsleg
Q0T 4002 AE07 (0T AEOT AA07 (AW ABHT ABYT 1O ABYT AOY OV

STTOTRN PRI DR NIARR NMITWT MITIRIT 2004 IR0 TR A FIN2 TM0NDRY W 127 1N
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 B is the southernmost and deepest (>800m) and was sampled in March
and October. 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.

INENI 0 XY ,2009-2010 Nvans 02w N2 FRIA AN A1 MINYR YHYa o NN
W (2014-6) MNINRT 223w WIRW .00 1 MR N22W1A TN 22I0P NYR MWD
DO D7 D% NTIAYA MR MW (57 1K) 305V 0% DTV 791 MR a7l
1°2 2°972777 N0 IR W HW 723 D201 KD TIWO 71w SN LYR N°1aN AR DY ,00p°va

D OR ,DMIPAN IR CITRNY AWRD DITA WNIRD DOVTINT DO DM NV DNWR 20w
017772 27 NIV IR 2127 PRI IR TNWR DA 0O 291 N

117



Depth [m]

bonia e

wrrer

-
B be et e

"

. .t “ s
TowBeree i e e e e teesen e e T P LA o e ar s . oy n»m-.on«nm-m. ...41.- : ;
\# 4 eny X . DL ] 4 Sy

s 5 B R - . Prons SRSHEC LS S ARSI
= o . " i
- . i
| - .
. . L] z

T e ey s

Salinity [%o]

L0 TR
X
.-.‘.“mo .

%--%a.m «'......... e ra AT e - -Qﬂn- v .-.‘..--.;.&n s

. 33 L
“u ates e ame -u‘uo‘.u-&o«uu B PP SN ST

B T S T R R T R T -ﬁ!.--- IO S A e e e e

.- e EYTTTTTEe

Fo i te cemiianhiestrn .’1.‘"---«-..&--.-0- e v

seme v e Seree, rmm e vy e ieR Seree reseREy s eversy = seery vevyer o

o ame sebe g

Be-sWAR ser o ssBbaviti 4t 4ae e weer s D

S e M R IR SRR AR RR R SR ERR RIS RS R b J

y )
B

D N R

B e L

ST L L G S R e ———  (p— "

ey "

Saeaai Ik, S R L o b e A J

-y

40.9

40.8

40.7

40.6

40.5

40.4

T o
'3 ,LQ'\,

IR
N\
) 10

[ o | o |
S ot o 0

| o | o |
B o,

,LQQ ,LQQ %)

AO 10

10 Io\f9 Io\f’

AP

STTOTRN PRIV DR NIARSOR MR MRt 2004 AR TR A TImns nInshi MR 157 R
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 B is the southernmost and deepest (>800m), 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, Bottom: annual average
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Figure D9: Changes in dissolved oxygen concentrations in 400m to 700m water depth at
Station A, since 2000.
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Figure D10: Depth profiles of pH values measured during the monthly monitoring
cruises. Station B is the southernmost and deepest (>800m), and was sampled in March
and October. 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 B is the southernmost and deepest (>800m) and and was sampled in March and
October. 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 sampling depths.
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Figure D14: Nitrite (NO,) concentration profiles measured during the monthly
monitoring cruises. Station B is the southernmost and deepest (>800m) and was sampled
in March and October. 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 (NOj3’) concentration profiles measured during the monthly
monitoring cruises. Station B is the southernmost and deepest (>800m) and was sampled
in March and October. 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 D16: Changes in the concentration of total oxidized nitrogen (TON= NO3;+NO,)
in the water column at Station A since 2004. Black dots represent the sampling depths.
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Figure D17: Changes in the nitrate (NO3) inventory in the water column at Station A
since 2004. Top: monthly inventories, Bottom: annual average
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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 B is the southernmost and deepest (>800m) and was sampled
in March and October. 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, Bottom: annual average
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Figure D22: Silicate (Si(OH),) concentration profiles measured during the monthly
monitoring cruises. Station B is the southernmost and deepest (>800m) and was sampled
in March and October/ 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.
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Figure D18: 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 meters depth.
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Figure D26: Chlorophyll-a concentration profiles measured during the monthly
monitoring cruises. Station B is the southernmost and deepest (>800m), 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 D27: 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 D28: Concentrations of chlorophyll-a at Station A at the surface and at water
depths of 40 and 100 meters since 2000. 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 D29: Monthly phytoplankton concentrations of prokaryotes (Synechococcus and
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Prochlorococcus), and pico-eukaryotes in the water column at Station A.
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Figure D30: 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 D31: Monthly concentrations of hetrotrophic bacteria in the water column at
Station A.
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Figure D32: Monthly primary productivity and Chl-a concentrations at the upper water

column.
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Integrated Productivity 2016 ,upper 100m
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Figure D33: Integrated values of primary productivity in the upper 100m of the water
column, based on the productivity profiles presented in Figure D29.
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Figure D34: Integrated values of primary productivity in the upper 100m of the water
column since 2010, based on the productivity profiles measured once each month.
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Figure D35: Integrated values of primary productivity in the upper 100m of the water

column for each month since 2010, based on the productivity profiles measured once

each month.
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Figure D37: 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 (green, red and blue, respectively).
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Figure D38: 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
pm filters (green, red and blue, respectively).
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Figure D39: 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 D40: Particulate fluxes caught in sediment traps since early 2014. Top- monthly
resolution inat depths of 120, 220, 350, 450 and 570 meters. Bottom- daily resolution
captured in the automatic sampling trap placed at 400 meters depth.
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Figure E1: Chlorophyll a concentrations sampled daily at the Underwater Observatory
jetty in 2016 (red line) and the long-term average (1988-2015, green line). Black lines
mark the 90% of accumulated data including the previous year.
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Figure E2: Daily sea surface temperatures measured from the Underwater Observatory
jetty during 2016 (red line), the average SST for 1988-2015 (blue line), and long-term
average (7-day running mean) minimum and maximum values from 1988 to 2015.
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Figure E3: Top — Daily sea surface temperatures measured from the Underwater
Observatory jetty since 2002. 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 E4: The meteorological station at the end of the 1UI pier.

SRUIDIOIIN-PI2T ST DR AT TIP MIMDIMINURT TAANT 1457 R

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 LI1-190SA
Water pressure Campbell CS455
Water temperature Campbell 108

Data logger Campbell CR1000

SRWIDIZINIR-P27T PIORT DR AT IR NIMDITIRVAT TIANT IR 29293707 2IWAIT N 117 93w
Table E1: Setup of the meteorological station at the end of the 1UI pier, list of sensors.
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Figure E5: 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.
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Figure E6: Maximum and minimum (red and blue, respectively) daily air temperature
above the sea.
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Figure E7: Maximum daily global radiation (top), ultraviolet radiation (middle) and
photosynthetically available radiation (bottom).
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Figure E8: Maximum and minimum (red and blue, respectively) daily values of relative
humidity over the sea.
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Figure E9: Maximum and minimum (red and blue, respectively) daily water
temperature at ~2m depth.
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Figure E10: Maximum and minimum (red and blue, respectively) daily sea-level
measurements.
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Figure E11: 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 IUI. The
ADCP is connected with a cable to the Ul and sends real-time data directly to the 1UIl
main server.
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Progressive vectors diagrams for currents at 5, 20 and 39 meters depth
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Figure E12: Currents off the IUI at three depths (near the sea floor at 39m, 20m and
close to the surface at 5m) in 2016. Progressive vector diagrams follow an imaginary
“water parcel” throughout the year, where arrows point to current direction and their
size is proportional to current speed.
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Figure E13: Monthly current patterns off the 1UI at three depths (near the sea floor at
39m, 20m and close to the surface at 5m). Progressive vector diagrams follow an
imaginary “water parcel” throughout the year, where arrows point to current direction
and their size is proportional to current speed.
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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, 2016.

Eilat
Genus UI Katza NR Total
Acanthastrea 15 6 12 33
Acropora 92 150 262 504
Agaricia 2 4 5 11
Alveopora 1 5 6
Astreopora 1 4 21 26
Balanophillya 2 2
Coscinaraea 16 7 7 30
Ctenactis 2 2
Cynarina 5 1 3 9
Cyphastrea 97 68 68 233
Echinophyllia 2 2 6 10
Echinopora 19 76 192 287
Favia 142 34 51 227
Favites 101 115 106 322
Fungia 2 6 2 10
Galaxea 3 12 13 28
Goniastrea 55 48 108 211
Goniopora 5 8 13
Gyrosmilia 59 7 66
Herpolitha 1 1
Hydnophora 1 7 8
Leptastrea 45 26 42 113
Leptoria 2 2
Leptoseris 1 1
Lobophyllia 8 11 95 114
Millepora 95 4 7 106
Montipora 38 119 160 317
Mycedium 2 10 17 29
Palythoa 1 1
Pavona 13 77 15 105
Platygyra 10 4 16 30
Plerogyra 4 4
Plesiastrea 15 4 19 38
Pocillopora 21 7 21 49
Porites 48 62 106 216
Psammocora 10 29 41 80
Seriatopora 2 11 2 15
Siderastrea 19 2 21
Stylophora 158 112 135 405
Turbinaria 5 2 3 10
Total 1103 1027 1565 3695
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Table G2: list of colonies (of all types) that were recognized in all permanent photo-sites,
in 2016.

Genus NB Dekel | Katzaa NR Ul Taba | Total
Acanthastrea 3 2 23 1 29
Acropora 22 54 83 19 7 185
Alveopora 1 3 3 9 16
Astreopora 6 1 7
Balanophyllia 1 1 2
Coscinaraea 1 1 2 1 5
Ctenactis 2 2
Cyphastrea 10 18 31 52 10 121
Echinophyllia 3 1 4 4 12
Echinopora 12 41 74 20 5 152
Favia 8 19 9 73 10 119
Favites 7 52 27 55 13 154
Fungia 1 3 2 1 2 9
Galaxea 1 4 1 1 7
Goniastrea 10 29 82 91 36 248
Goniopora 4 3 7
Gyrosmilia 1 1
Herpolitha 2 1 3
Hydnophora 4 4
Leptastrea 17 7 40 10 74
Leptoria 1 1 1 3
Lobophyllia 4 5 8 5 22
Millepora 3 1 2 45 27 78
Montipora 10 53 36 6 3 108
Mycedium 2 12 2 1 17
Oxipora 2 2
Palythoa 1 1 2 4
Pavona 3 19 10 3 3 38
Platygyra 3 2 9 24 6 44
Plerogyra 1 1
Plesiastrea 5 4 7 1 17
Pocillopora 3 4 8 8 4 27
Porites 19 10 15 9 21 74
Psammocora 2 2 1 1 6
Rhytisma 6 8 26 3 1 44
Sarcophyton 2 1 1 1 5
Seriatopora 1 6 5 1 13
Sinularia 1 1
Stylophora 2 17 17 48 17 101
Tubastrea 1 1 2
Turbinaria 1 1
Xenia 19 55 40 9 123
Total 156 448 523 558 203 1,888
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