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English Abstract , * 1 L ¥ "4« *

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

Scientific report 2 081

Dr. Yonathan Shaked, Pn@am Manager
Prof. Amatzia Genin, Scientific Director
(March, 20D)

Introduction

This report describes the work and results of Isakdtional Monitoring Prograrm the Gulf of
Aqgaba Eilat)T NMP 1 in 2018. It is divided into chapters according to fats 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 theethods used is given in the NMP annual scientific report of 2003.
Figures and figure captioms this reporiare given in English.

The NMP has been operating since 2004, collecting continuousylatingpredetermined standard
methodsanda dedicated &am. The ability to review consistently collected data provides increased
analytical power and confidence in our findingowing us to seek intexnnualpatterns and trends. A
comparison of the preseday state of the reef with historicalre monitoring, data can be found in the
NMP annual scientific report &004.

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

This year, several modiftions to newly implemented measurements were made and these are
described in their respective chapters. We are implementing changes to the categories to which reef fish
are allocated based on their diet and several other criteria, following recent deseiem that field. We
are in the process of changing and refining the protocol of measuring coral settlement on plates inserted
several reef sites to evaluate the potential supply of coral recruits to the reef. We recently changed the
protocol of treéing and splitting soft sediments that are collected to evaluate changes to the benthic
communities at two sofiediment sites, and are in the process of refining taxonomic identification for
these communities. The frequency of visiting the array of seditregs that is moored on the sea floor at
600 meters depth was reduced and so is our resolution in measuring the vertical flux of particles
descending through the water. We have increased the frequency of monitoring sea grass cover from
annual to wintesummer surveys that will allow us to follow seasonal changes.

The NMP reports are available through the web site of Briskhistry of Environmental Protection:
http://www.sviva.gov.ilf and on the NMmpage in he IUlweb-site: http://iui-eilat.ac.il/.

A database that includesita collected bthe NMP since 2004 is available for public download
through the NMP website.

11


http://www.sviva.gov.il/
http://iui-eilat.ac.il/

Key findings of this year

The coral reefs of Eiht

1.

Live coverand density of stony coraisThe surveyed reef sites differ considerably in their
respective |ive coral cover, due mainly to
coral cover at all sites was .B44.0%, lower than last yearaverage (25+8.6%). The average
colony density this year was also lower, 2825 colonies per tetmeter long line transect,

compared to last year's 3@22 The aerage colony density at all sites increi$rom2010to

2017, although year to year ahges are small.

Over the monitored period a significant increasthaaverage live coral coveras measured, but
this trend seems to be weak in recent years

Size of stony coral colonig¢sThe characteristic size of coral colonies varies between meditor
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 than at oth&wsitegthe interval
20082012 the number of small coral colonies in Eilatrdased, but since then and until this year
an increase in coral density, including small colonies, was documented. This year coral density
declined and only mediwsized colonies increased in number. The presence of large and huge
colonies facilitates highoral cover.

Live Tissue Index (LTI) in stony coraisThe LTI presents the average percentage of live tissue in
living stony corals and is considered an indirect indicator for coral h@dléaveragevalueof

this index for all sites is decreasigdaughout the monitored period, but the charagesmall It
seems likely that the decrease in average LTI in Eilat stems, at least in part, from better coral
survival and so from fAagingd of corals that
Coral diversityi The ShanotWiener diversity index, used for estimating coral diversity at the
reefs of Eilatdisplays small, indeterminate, fluctuations between years. Coral diversity at shallow
sites is generally lower than at deeper sites. This is corroborated by rarefactienacuiee
expected number of coral taxa per 1,500 random individuals, though changes in all metrics are
small.

Reef flati Due to its unique character, the reef flathatcoral reserve is considered separately
from the forereef sitesThis year's collacover at the reef flat remains without change, while a
slight increase in stony coral density was measured, following a few years of slight decline. The
reef flat is more sensitive to external forcings than-feef sites, and its coral diversity is lew
Massive stony corals dominate the reef flat whereas branching corals are commoinesgtffore
sites.

The coral reserve lagodrEnvironmental coditions at the lagoon are harsh angd dominated by
asmallnumber of coral taxa, and coral diversityds/. The dominant coral at the nature reserve
lagoon iscoral Stylophora pistillatglcomprising 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, an
especially in that ofite 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 reefThe NMPstarted monitang coral settlement in 2015, using
settlement plates placed two reef sites, the nature reserve and theldull the monitoring

procedure has changed from year to year based on our initial finthireysery year there are

more settlers at the natureseeve site than at the 1UI, and they also seem to grow better.
Settlement pattern at the reserve is more constant throughout the season, whereas at the Ul 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.

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

this group Diadema setosums the most abundaspeciesn Eilat. Its density fluctuatefrom year
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to year and dictates the density of the entire urchin populdtidhe past two years sea urchin
density has decreased in the foeef sitesThe density of the urchiBchinometra mataas
increasing in recent years

Coastal Environs

9. Nutrientandchlorophylta concentrations in coastal watér€oncentration®f nutrientsare
commonlyhigh during winter and very low during summer. The process that di¢tetes
dynamicds the seasonal mixinglriven by cooling of the sea surface in winthich brings
nutrientrich deep waters to the shallow coastal arBamsilar to the pattern observed in the past
two years, his yeals mixing started early but cooling stopped and mixing ended in February,
having reached a maximum depth of 320 me#ssa result, most concentration measurements
this year were low, similar to those of other shallmvxing years. Against this background,
several abnormally high concentrations stand out, particularly at the northern coastal stations,
although these are has high as abnormalities in previowesays.One exception is the chlorophyll
concentration measured in August at the "Fish Farms" sampling sitenewhat elevated silica
concentration was also noted, but there were no other abnormal concentratigeradther
stations. Since summer is usually an oligotrophic season in Eilat this measurement could be linke
to the nearby Kinnet channel outlet.

10.Seagrass In the years that segrass is monitored, meadows at both monitored sites (northern
and southe beachs) are extensive, covering much of the availablseogitnent seafloor, and
cover increases with depth at the examined range of 10 to 20 meters. It seemsgiessseaver
is not stable between years, but it is still early to determine unaigrhyocessed his year
seagrass cover at both sites was also surveyed in winter and was found to be considerably lower.
is likely that seagrass cover fluctuates seasonally, but seasonal surveys should be repeated to
characterize these changes.

The deg water column

11.Vertical mixingi Cooling of the water colummvasearly and rapidput also stopped early at a
maximum depth 0820 meters. This is the sixth year (since 2012) in which waters deeper than
500 meters are discontented from the sea surface.

12. Concentrations of oxygen and nutrients in the deep watéhe water column was mixed to a
shallow depth and the deep waters continued to accumulate nutrients and to be depleted of
oxygen, although at a slow rate. Six years after the last deep mixing rweient 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.

13. Chlorophylta, phytgplankton and primary pragttivity i Concentrations ofhlorophylta and the
concentrations of unicellular plankton in the water column measured this year are characteristic tc
years of shallow mixing. The pattern of primary productivity was similar to the past few years,
without autstanding values, such as measured in 2015. The annual average productivity was a
little lower than that of the previous year and similar to that of the interval2014.

It seems that bloom dynamics is influenced by various factors in additionrmatimmum depth

of vertical mixing and it may be that the monthly sampling frequency of the NMP cruises is not
sufficient to accurately characterize it. L
to be no change in the overall state of theesyst

Supplementary continuous measurements
14. Sea surfacehlorophylta next to Eilat's coral re€tlaily measurement) Chlorophylta
concentrationfluctuate sharply and frequently. In accordance with this year's early mixing, chl
concentrations were higlelative to the multannual mean in January and February and an
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additional peak was measured in May. Throughout most adhlbeophylla concentrations next
to the reef were lower than the mediinual average and there was no significant spring bloom.

15. Sea surface temperatures next to Eilat's coral(dadfy measurement) Sea surface temperature
washigher tharthe multrannual averagtroughout the year and also higher than the 90%
percentile of the past thirty years.On average this was a partjicwlarm year and the average
annual SST was the highest measured so far, higher than that of 2010. An overall rise in SST nex
to the nature reserve reef is documented since 1988.

16. Meteorology(continuous measuremeritMeteorological measurements refled a regular
annual cycle without significant abnormalities. SST measured continuously at the Ul pier was
high throughout the year, with a maximum of nearl§YG3@and a minimum that was half a degree
higher than that of the preceding two years.

17.Rain evetsi Several rain events occurred this year, with a particularly intense rain storm at the
end of April (14 mm were measured ot the 1UI) that brought considerable runoff and suspended
sediment to the sea.

Multi -annual variations and trends

The coral reds of Eilat

1. Live stony coral cover Live coral cover is the foremost 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 (2088) average coral cover in Eilat was-20%. In the
interval 200712 average cover increased and fluctuated in the rang2230% and in 2013 the
highest average cover was recorded: 26.4%. Since then, the average coral cover at Eilat ranges
between 24.0% ah25.3%. 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 daaeaseasured.

2. Stony coral density and sifeAverage coral density between all monitored sites is also gradually
increasing since 2010 and is higher than that of the initial years of monitoring, although year to
year changes are small and this year dsligcrease was noted. 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.

3. Live tissue index in stony corailsThis index is decreasing sincel?)) 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. DiversityT Stony caal 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 ads, surveys in recent years record the presence of bsigket
(Astroboa nudpand Yellowspotted 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 imcrease i
the number of sea urchins other than the domibBasetosum

Coastal Environs
5. Nutrient concentrations in coastal watéfdutrient concentrations are usually higher during
winter than they are during summer months, due to water column mixing thgs htitrient rich
waters from depth. Conversely, abnormal concentrations at particular sampling stations are found
mostly in stratifiedsummemonths. Abnormally high concentrations, indicating local nutrient
enrichment, were common until 2007 and becarse $e in later yearslowever abnormally
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high concentrations of nutrients, particularly at the northern samplingnstaare again
occasionally recordeid recent years.

6. Pathogens in wild fishMicobacterium marinuma deadly pathogers still presentind active at
the northern and southern shores of Eilat, though its abundance may be somewhat lower than it
was in the past.

7. Benthic foraminifera in soft sediment at the former location of aquaculture icddeesbenthic
foraminifera community beneathetiormer aquaculture cages at the northern shore of Eilat
displays gradual recovery since 2008 (Oevml, 2014). A series of floods covered the sea floor
at the site with terrigenous clay sediments during the winter of-28hd decimated the local
foraminifera community. Recovery following the floods wasisiderablymore rapid than the
recovery from the impact of aquaculture caigescating a healthy habitat

The deep sea water column

8. Concentrations of dissolved oxygen and nutriériidie Gulf's eology, particularly the annual
dynamics of dissolved oxygen and nutrients and their availability to phytoplankton, is controlled
by seasonal mixing of the water column. The raifthual dynamics are controlled by the depth
and duration of mixing, and th@wrcentration bnutrients in the deep waters.
This yearo6s mixing of the water column was
deep waters are not mixed with surface waters. Therefore, nutrient concentrations continued to
rise, and oxygen cwentrations to drop, but the rate of change is small and values are still less
acute then those preceding the deep mixing of 2012 and it seems that the system is close to
equilibrium.

9. Water temperaturé The temperature measured in the deep water wabat 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 correspondingdrend ofrise in sa surface temperatures in Eiilstdocumented since 1988 and
the annual average SST this year was the highest measured during the monitored period
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Figure B6 (p.161): April 26 2018, folbwing intense rain and subsequent fllslods, suspended sediment plume along the
shore and its deposition on the reef next to the IUI.

Figure &7 (p.162): Top- Maximum daily wind speed (m/sec). BotteMaximum daily wind speed and direction since Japuar
2007. This yeard6s wind measurements are marked by red

Figure BB (p.163): Maximum and minimum (red and blue, respectively) daily air temperature above the sea.

Figure B (p.164): Maximum daily global radiation (top), ultraviolet radiation (m&)dand photosynthetically available
radiation (bottom).

Figure ELO (p.165): Maximum and minimum (red and blue, respectively) daily values of relative humidity over the sea.

Figure BEL Xp.165): Maximum and minimum (red and blue, respectively) daily weperature at ~2m depth.

Figure EL2 (p.166): Maximum and minimum (red and blue, respectively) dailylegal measurements.

Figure EB (p.167): An acoustic Doppler current profiler (ADCP) looks up at the water column from the sea flowtdes
deep,on a flat surface off the southern edge of the 1UI.

Figure El4 (p.168): Currents off the IUI at three depths (near the sea floor at 39m, 20m and close to the surface at &n) in 201
Progressive vector diagrams f ol theyear, where arnovesgainhtacuryenti wat e r
direction and their size is proportional to current speed.

Figure EL5 (p.169): Current patterns off the IUI at three depths (near the sea floor at 39m, 20m and close to the surface at 5m).
Rose diagrams present thhequency of a given direction by the size of petals and the frequency of current velocity by the
colored area in each petal.

Figure EL6 (p.171): Weekly dust concentrations in the air above the sea. Dust is measured on filters through which air is
contiruously pumped.

FigureG1 (p.174): 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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time intervals beginning 4 following deep vertical mixing (red rectangles and Table A2). Immediately following
deep mixing nutrient concentrations change rapidly and after approximately 4 years an apparent steadiate

is achieved.
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standard deviation) at 700 meters depthfor each interval. Statistical significance of the difference betwen
intervals in an aparametric Kruskal -Wallis test are shown, where **** denotes P<0.0001, and the bottom
row lists the intervals that significantly (P<0.05) differ from others in a posthoc DwassSteetChritchlow -Fligner
test between pairs of intervals.
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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 (thabegan 4 years after deep mixing, see
Table A2).
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Table A3: The slopes of Ilnear regression (and standard errors) beeen concentrations and time at 700 meters
depth for two three-year time intervals following deep mixing (deeper than 800m). The regression slopes for

the interval 200810 are steeper than those of the interval 20124, meaning that oxygen concentrations

dropped and nutrient concentrations rose faster during the first time interval. Slope units are the change in
concentration per year.
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Figure A4: Rates of change in dissolved oxygen and the three main 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 theslope of the plotted regression lines. The rates of nutrient accumulation
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Table A5: Summary of trends concerning the state of the system at the northern end of the Gulf of Eilat.

Chemical variables reflect a comparison between twogear paiods, 200810 and 201214, in the rate at which
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Figure B1: An aerial photo of the northwestern shore of the gulf, sottof

Eilat, showing the coral reef sampling sites. The yellow lines represent

sampling sites at the IUI (1), the Nature Reserve (2) and the oil terminal (3).

Black scale line is 100 m
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resolution of 1 cm. Photo: N. Segev.
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Figure B3: Average livestony coral cover and colony densityat each site, in 2018
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Figure B4: Cumulative percent cover of live corals, sand, rock and dead corals. At sitetiere 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 B7: Left - The average livestony 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 Marine Science Laboratory)
Right - Utilization of rocky substrate by stony corals (@rcent of live stony coral coverage out of the total
consolidated substrate at each sijeThe thin black line denotes the average value for all eight surveyed sites.
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Averages Average
Site Katza 10 Katza20 NR5 NR10 NR20 IUI5 IUI10 IUI15| Katza NR Ul Eilat
Transects 15 15 15 20 18 12 19 14 45 30 53 128
Stony coral 26.75 28.46 43.81 8.46 33.31 1846 1439 1848 16.75 27.61 26.90 24.01
stdev 7.19 8.26 10.32 556 15.52 3.37 5.64 5.24 5.30 7.66 18.61 11.35
SE 1.86 2.13 2.66 1.24 3.66 0.97 1.29 1.40 0.73 1.40 2.56 4.01
Ccv 0.27 0.29 0.24 0.66 0.47 0.18 0.39 0.28 0.32 0.28 0.69 2.12
Octocoral 4.73 7.04 0.33 1.00 4.40 0.12 1.73 1.50 1.23 5.89 1.97 261
stdev 3.46 3.99 0.68 1.60 3.71 0.18 2.59 2.07 2.12 3.85 2.96 2.49
SE 0.89 1.03 0.18 0.36 0.88 0.05 0.59 0.55 0.29 0.70 0.41 0.88
Ccv 0.73 0.57 2.05 1.60 0.84 1.54 1.50 138 1.72 0.65 1.50 1.05
GRV+Sand 33.91 27.10 1480 8275 3561 30.60 5341 5584 | 48.08 30.51 47.51 41.75
stdev 7.20 9.96 10.83 8.42 1720 14.72 9.22 15.12| 16.47 9.21 31.46 21.31
SE 1.86 2.57 2.80 1.88 4.05 4.25 2.11 4.04 2.26 1.68 4.32 7.54
cv 0.21 0.37 0.73 0.10 0.48 0.48 0.17 0.27 0.34 0.30 0.66 1.96
Rock 27.51 29.43 19.50 540 19.38 4188 2485 19.35| 27.68 28.47 14.14 23.41
stdev 7.47 11.16 11.79 3.78 7.33 13.83 7.37 10.79| 13.60 9.38 10.36 10.48
SE 1.93 2.88 3.04 0.85 1.73 3.99 1.69 2.88 1.87 1.71 1.42 3.71
Ccv 0.27 0.38 0.60 0.70 0.38 0.33 0.30 0.56 0.49 0.33 0.73 2.23
Dead Coral 6.63 7.21 20.85 2.39 6.81 8.72 5.24 4.58 5.96 6.92 9.11 7.80
stdev 4.13 5.43 9.66 3.22 4.63 4.53 2.83 2.70 3.67 4.75 9.74 5.61
SE 1.07 1.40 2.50 0.72 1.09 131 0.65 0.72 0.50 0.87 1.34 1.98
Ccv 0.62 0.75 0.46 1.35 0.68 0.52 0.54 0.59 0.62 0.69 1.07 1.39
Normalized
Cover 40.48 39.33 5142 46.86 49.75 27.37 3094 4459| 34.23 39.91 49.13 41.34
stdev 8.87 9.75 8.90 18.39 1341 6.02 10.27 11.75| 12.03 9.18 14.40 8.63
SE 2.29 2.52 2.30 4.11 3.16 1.74 2.36 3.14 1.65 1.68 1.98 3.05
Ccv 0.22 0.25 0.17 0.39 0.27 0.22 0.33 0.26 0.35 0.23 0.29 4.79
Density 33.40 38.27 33.87 7.30 37.06 2892 2189 25.07| 2476 3583 24.92 28.22
stdev 7.66 7.29 7.69 411 13.27 5.50 6.89 5.68 6.69 7.76 16.53 10.18
SE 1.98 1.88 1.99 0.92 3.13 1.59 1.58 1.52 0.92 1.42 2.27 3.60
Ccv 0.23 0.19 0.23 0.56 0.36 0.19 0.31 0.23 0.27 0.22 0.66 2.77
Normalized
Density 50.57 53.03 4059 4260 56.86 42.70 47.35 61.21| 5042 51.80 46.87 49.36
Stdev 8.94 8.29 9.14 13.58 8.84 8.35 12.63 16.88| 14.98 8.56 12.97 7.39
SE 231 2.14 2.36 3.04 2.08 241 2.90 4.51 2.06 1.56 1.78 2.61
Ccv 0.18 0.16 0.23 0.32 0.16 0.20 0.27 0.28 0.30 0.17 0.28 6.68
FSX T ol e Y XX T s T OS], X X ] LS XA L D e X P xssX 1
IXZLX”x~s |_I“J>f“='.‘sp§1(-|«-|-|)g~x X q Lo XXL1~) v X
s« .oxoX . G F A S R A I S N I S IR

A ~ v~

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 betweensitebensi ty is the number of colonies in a 10
substrate.
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Figure B9: Size frequency distribution of coral colonies in the surveyed sites.Z8i 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; bottorii the coral size

frequency distribution after correction of the bias of size counts in line transects (Zvuloni et al., 2008)

37



Cover vs. Densit018
45 - QR5

25

Stony Coral Cover [%]

0 10 20 30 40 50
Stony Coral Density [#0m]

17 % s A e, e x Xy x o es DX X x0T L. XA

A

Figure B10: Stony coral cover versus the number of stony coral colonies in @veragel0-meter transect at
the surveyed Eilat reef sita.
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1401 Coral Density by Size Class [ 3*°
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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 cat density (per square meter) by size
class in Eilat, calculated from transect count data and corrected for size bias. Size groups are: Small<5 cm; 5
cm <Medium< 15 cm; 15 cm <Large< 30 cm; Huge>30 cm.
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Figure B12: 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 livingolony.
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Figure B13: Changes inthe state ofcoral coloniesover time according to the averag@ercentageof living
coral tissue(LTI) from all sites over themonitored period.
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Figure B14: The ShanonWiener diversity index of coral taxa estimatedthis year for each ste by the
EstimateS software (Colwell, 2005http://viceroy.eeb.uconn.edu/Estimatey The thin line marks the average
of all monitored sites.
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Figure B15: The ShanonWiener diversity index of coral taxa estimated for each site over time by the
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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/Estimateyfor each site
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Figure B18: The twenty most abundant coral taxa in the reefs of Eilat during the monitoring periE)d,
arranged according to their abundance in 20 8At 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.
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Averages Average

Katza Katza
10 20 NR5 NR10 NR20 IUI5 1UI10 IUlI15| Katza NR UI Eilat

Acropora 599 535 698 237 758 362 380 354| 567 544 3.67 4.90
Stylophora 285 365 192 048 130 346 164 299| 325 117 254 2.29
Montipora 361 321 137 017 766 034 052 136| 341 3.05 0.73 2.28
Echinopora 169 221 687 153 239 017 026 0.40| 195 3.33 0.28 1.94
Lobophyllia 025 050 11.76 0.04 0.14 0.00 0.08 0.09| 038 339 0.06 1.61
Cyphastrea 195 171 123 015 350 181 076 0.83| 1.83 159 1.06 1.49
Goniastrea 153 071 485 062 108 169 0.14 0.16| 112 197 0.56 1.35
Porites 075 161 037 039 283 013 085 0.84| 1.18 1.22 0.65 0.97
Dipsastrea 041 037 091 032 052 259 127 044| 039 055 1.36 0.85
Paramontastrea 0.65 1.59 0.09 0.07 107 043 115 056| 112 042 0.77 0.70
Leptastrea 066 1.02 107 005 034 068 042 062| 084 044 0.55 0.61
Platygyra 060 044 007 030 029 091 024 0.29| 052 0.23 044 0.39
Pavona 056 165 0.16 002 054 000 0.06 0.06| 1.10 0.24 0.04 0.38
Pocillopora 021 007 087 033 014 011 0.26 1.00| 0.14 042 045 0.37
Turbinaria 055 051 039 000 024 038 000 0.72| 053 019 0.32 0.35
Millepora 001 0.18 0.10 001 0.09 048 106 0.75| 0.10 0.06 0.81 0.34
Favites 025 015 034 0.18 0.77 058 0.14 0.13| 020 043 0.26 0.32
Psammocora 0.39 084 0.15 007 046 000 02 0.08| 062 023 0.13 0.28
Plesiastrea 040 020 006 000 038 037 036 0.29| 030 0.15 0.34 0.26
Mycedium 123 005 070 0.00 0.00 0.00 0.00 0.00]f 0.64 0.20 0.00 0.25
Stony corals  26.75 28.46 43.81 8.46 33.31 1846 14.39 18.48| 16.75 27.61 26.90| 24.01

P2 I . PRI B SR Al ol BE R R R RN ks SN R SNT I S e. BR IR o O I O S
Table B3: The twenty most abundant corals (% cover) in the monitored area and their average eer in each
site as a percent of the total transedength at each site.
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Figure B19: 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: Top, the number of coralspecies encountered in the Reef Table surveys (species richness);
middle, the number ofthe eight most abundant species; bottom, the less abundant species.
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Rank | Reef Table Fore-Reef
1 Acropora Acropora
2 Hydnophora Montipora
3 Platygyra Stylophora
4 Millepora Echinopora
5 Dipsastrea Lobophyllia
6 Stylophora Cyphastrea
7 Favites Goniastrea
8 Porites Porites
9 Goniastrea Dipsastrea
10 Pocillopora | Paramontastrea
11 Lobophyllia Leptastrea
12 Leptastrea Pavona
13 Acanthastrea Platygyra
14 Pocillopora
15 Millepora
16 Turbinaria
17 Favites
18 Psammocora
19 Astreopora
20 Plesiastrea
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Table B4: The most abundant stony corals (bf cover pércentage) at the reef table and the reef f
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Figure B23: The percertage of live coral coveratthéi Ei | at R e erdgeadthe(eight surveyed fore
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Figure B24: Correlation between the live coral cover in the "Eilat Reefs" and the density of coral colonies
from different size groups (after correcting for count sizebias). Small colonies (S) are most abundant and so
influence the overall coral density (All). There is a wak 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, indicatingtheir
significant contribution to coral cover in Eilat's reefs.
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Figure B26: Relative abundance (by colony number) of the 10 most abundant coral genera in the lagoon
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Species n Relative abundance [%)] n/m?
Millepora 67 33.67 0.67
Stylophora 61 30.65 0.61
Rhytisma 23 11.56 0.23
Dipsastrea (Favia) 15 7.54 0.15
Favites 14 7.04 0.14
Cyphastrea 5 251 0.05
Seriatopora 4 2.01 0.04
Acropora 3 151 0.03
Platygyra 3 1.51 0.03
Xenia 2 1.01 0.02
Goniastrea 1 0.50 0.01
Stereonephthya 1 0.50 0.01
S 7T X XY 4 },”-|yxv|_‘_s '|va L ( X x o1 L LoxX X X ),,V5§VLV.§<)1 R

Table BS: The number of colonies, relative abundance andverage densrty (colonies per square meter) of
the coral taxa found in the lagoon.
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Figure B27: The average density (colonies/square meter) tie main coral generafound in the lagoon
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Figure B28: Changes in coral diersity in the lagoon since 2004, according to the Shandiener index,
estimated using the EstimateS software.
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Figure B31: The number of coral spats (on the Y axis) having a given number of polyps (presentatitbe X
axis) found on coral settlement plates at the coral nature reserve (NR) and Interuniversity Institute (1Ul)

sites The values presented are averages of the three arrays at each site.
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examined period.
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Density Number | Density Number | Density Number | Density Number | Density Number
Diadema 0.73 145 0.33 66 0.34 136 0.19 75 0.18 71
Other Urchins 0.04 8 0.05 10 0.27 108 0.02 9 0.27 108
Total Urchins 0.77 153 0.38 76 0.61 244 0.21 84 0.45 179
Starfish 0 0 0.005 1 0.003 1 0 0 0 0
Feather star 0.65 129 0.42 83 0.68 271 0.30 121 0.00 1
Sea Cucumber 0.04 8 0.06 12 0.12 46 0.12 47 0.04 40
Basket Star 0.02 4 0.015 3 0 0 0.015 6 0 0
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Table B6: Total abundance and average density (number per 1#1of mobile invertebrates at the monitored
sites.
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Figure B36: The average density (per M) of mobile invertebrates(top) and sea uchins (bottom) at the
sampling sites.
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Figure B38: The average density (individuals per M) of sea urchins Diadema setosupother urchins and all
urchins) at the monitored fore-reefs sites (top) and the lagoon (bottom).
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month (calculated as an average of three plates submerged in the sea for two months).
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Reservein 2018. Each point represents one month (calculated as an averagetiofee plates submerged in the
sea for two months). Topg the lagoon, middlei at 5 meters depth, bottormi at 20 meters.
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o 5 g
Taxa ol Schooling Diets e 5
) @ @
* 3 3
- D
Blenniidae/Gobiidae Sol HD/OM Bottom 76
Mullidae (parapeneus) SM Graup IM Bottom 39
Pseudochromidae o Sol IM/PK Bottom 31
Scorpaenidae, Synanchiidae =1 Sol FC/IM Bottom 0
Synodontidae ?1- Sol/Pair FC Bottom 8
Pinguipedidae Sol/Pair FC Bottom 0
Tetraodonitidae/Diodonitidae Sol/Pair OM/IM Bottom/L 0
Acanthuridae SGraup HD Bottom 35
Zebrasoma, Z. desjardinii, SGraup HD Bottom 31
Ctenochaetus striatus/Acanthurus nigrofuscus SGraup HD Bottom 17
Balistidae Sol M Bottom 30
Chaetodontidae SM GrougPair IM/IS/IOM  Bottom/Low
Heniochus sp. SGraup PK Low 2
Other: C.fasciatus, C. austriacus, C. auriga, paucifasiatus, M-G/Pair
semilarvatus IM/IS/IOM  Bottom/L 41
Labridae Sol/SGroup IM Bottom 0
Thalassoma sp. SGraup IM/PK Bottom 48
Coris aygula Sol IM Bottom 6
Gomphosuse caeruleus Sol IM Bottom 18
Labroides dnidiatus Sol M Bottom 5
Cheilinus lunulatus Sol IM Bottom 0
Bodianus anthioides Sol IM Bottom 43
OtherLabridae Sol/SGroup IM/PK Bottom 3
Ostraciidae @ Sol IS/IM Bottom/L 7
Pomacanthidae 2 Sol/Pair HD/IS/IM  Bottom 5
Pomacentridae % SLGraup OM/PK Bottom/Low
Amphiprion bicinctus ® SGraup PK Bottom 14
Dascyllus aruanus @_ M Graup PK Bottom 73
Dascyllus marginatus © M Graup PK Bottom 112
Pomacentrus sulfureus SGraup OM Bottom 15
Neopomacentrus miryae L- Graup PK Low 1590
Pomacentrus trichourus S Graup oM Bottom 171
Abudefduf sexatilis SGraup oM Low 0
Chromis dimidiata M Graup PK Low 58
Chromis viridis LGraup PK Low 1567
Other Pomacentridag\eoglyphidon melas, Amblyglyphidon sg SLGroup OM/PK Bottom/L
Scaridae Sol/SGroup HD/OM Bottom/L 82
Pterios sp. Sol FC Bottom 0
Serranidae Sol/LGroup FC/IM/PK  Low 28
Variola louti Sol FC Low 2
Pseudanthias squamipinnis L Group PK Low 1081
Other SerranidaeEpinephelus sp., Cephalopholis sp. Sol FC Low 9
Siganidae Sol/Pair OM/IM Batom/Low
Lethrinidae Sol/SM Group IM/FC Bottom/L 7
Atherinidae E LGraup PK High 300
Caesionidae é-: LGraup PK High 39
Others 72
Total 5669
Coral with fish 90; Corals without fish 102
Y X s Cx ] XL T s K

Table B7: Fish abundance of at the Coral Beach Natre Reserve
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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 C6: Phosphateconcentrations (PQ) at coastatwater sampling stations since 2004.
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Figure C7: Monthly concentrations of silicate ($(OH),) at the coastal water sampling stations since 2004.
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Figure C9: Monthly concentrations ofchlorophyll a at the coastal water sampling stations since 2004.
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Figure C1 1Temperature at the coastal water sampling stations since 2004.
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Figure C12: Secchi depth measureentsat the coastal water sampling stations since 2004.
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Parasite
No. Location Weight nggih Sex | Scler. | Gyliauc. | Proc. | Cucul. | Opist. | Hexan. Date
(gn (cm)
910181 UI 154 24 ND 2 1 1 5 09.10.18
910182 IUI 190 25 ND 1 09.10.18
910183 IUI 218 24.8 ND 4 09.10.18
910184 IUI 188 25 ND 2 4 1 09.10.18
910185 IUI 203 27 ND 8 09.10.18
910186 IUI 176 25.7 ND 6 4 09.10.18
910187 IUI 146 23.1 ND 09.10.18
910188 IUI 177 25 ND 4 1 09.10.18
910189 IUI 145 24 ND 25 2 09.10.18
9101810 IUI 171 25.5 ND 4 1 09.10.18
9101811 IUI 100 20.3 ND 38 1 09.10.18
9101812 IUI 100 20.5 ND 8 1 09.10.18
9101813 IUI 169 25.2 ND 2 2 1 1 09.10.18
9101814 Ul 277 27.5 ND 16 1 1 09.10.18
1510181 Ul 96.1 18.5 ND 6 2 15.10.18
1510182 Ul 206.7 25.7 ND 11 15.10.18
1510183 Ul 156.5 23 ND 15 15.10.18
1510184 Ul 217.9 26.5 ND 3 1 15.1018
1510185 Ul 128.7 22 ND 1 2 2 15.10.18
1510186 IUI 152.5 23 ND 2 3 2 15.10.18
1510187 IUI 231 26.5 ND 1 1 15.10.18
1510188 IUI 153.6 23 ND 1 1 3 15.10.18
1510189 IUI 230.7 25 ND 3 1 15.10.18
15101810 IUI 104.3 20 ND 1 2 2 15.10.18
15101811 IUI 144.8 22 ND 15.10.18
15101812 Ul 170.1 23.1 ND 3 5 15.10.18
15101813 Ul 184.4 24 ND 1 15.10.18
15101814 Ul 131.6 22.8 ND 2 2 15.10.18

AT T x e X s T x ] s x Cuxs ]
Table C2: Gut helminth parasites found in Siganus rivulatussampled near the [UI.

x X s x ¢ s 7 N ]« , 11, s 1yl x (s, _t X~
1yl T G@yflagcL dd , A 3T xs I Xxs 4. L s s g q o
PN S I IR N BN B

Tl ox ) Ex T T AT o X T XY X ST X ST
Diamantetal) 4! 4 + 1 x o« o DT Ao Bd s X T X3 % T s |

96



x4 1 x _ _axboos e L T es G ALY e ok e, TS pox K {19991 T
T T S T R R I U N S B
¥ HA) s 4Py s s s x| rarefadtion S . 4 * . Xoxooox Xy
s ” S { ] x 4" G s . 4 s . I x{.gsl Xsx” s* _Ixx,x{l*X Xs -|Z|1,,$J 1+"1
x ox 7 11 s« 7 1+ 471 s 2051 <« R20 KA X v X447 ST s,
S
F174s% & _a4Xxq{+) s Jagkhifels I . S <Lx o oX "l L
ox2088_ *xx Xl x sy s s ox o s 201 ALYs L XL #X11S
20167 _ L 515 _kJ Xs [ sB s sx". ss .
Parasites oSiganus rivulatuat 1Ul
" =200
0 6
e —201
S
& 201
3 —201
3
= —201
3 201
2
o 201
Ke)
o 201
1 3 5 7 9 11 13 15 17 19 21 23 25 27 201
Number of fish sampled —201
Parasites oSiganus rivulatusat 1Ul
=200
n 8 -
2 —201
£ 201
26 _
8 4 - 201
8 .
g 201
€2 201
o
L 201
07— T 201
1 3 5 7 9 11 13 15 17 19 21 23 25 27
Number of fish sampled — 201
S L0 o Dxx x4 x 7 {1  raréfaction) rSA-¥41* H 8. XX XXoo
Jacknife-1 ' 1 s 4 w4 7 Ad.s, X sx s 1 1 BstimatéSs ¢ A
Figure C1 3Rarefaction curves ofS. rivulatushelminth parasite Species Richness calculated using the
EstimateS software. Top: Observed Richness, Bottom: Estimated JacknifeRichness.
1 Bush 1:_ % *s{ _p11 «x  Xx o xqx¥ %9 4  cx A dH 17Xy o x b 7
Bughet al 1990 Janion | ~ | 7 4 -
XL oL, s gs x4 3y L4 xx XA s (r A1 s X
1%, X xsx O sHexangiumsp xX PradcamallanusielatensiSclérotoliuin ¥ubrimaris + 1 ¢ 4 | 1
X Opisthogonoporidesp. * 1210-1x2 «x 1 " 1 1 | s . :Gyliauthersgs «~ 1 " {1 vy {1 s 7 4 _
e et x o ded ) o x¥ospes” s 0 x 7 x 1+ s Cucullarius sigani 7
LX 1S N !

97



FA Y DX OSdukidys”d oS¢ x4 4y X 4 X Gyliatichefsp s, «- 77 XYL ] s
, 'Srivdfatus = 1 _ s x kSt Y o147 s D40 DLy X T X sy

Gyliauchemsp.s ~ " {1 v {1 s 7 L s w1 _ " Aql

~ ~ ~

Prevalence of Infected Hosts

== S. rubrimaris == Gyliauchen sp.
- P elatensis e C. Sigani
1 == Ophistogonoporides sp====Hexangium sp.
o 0.8 -
I
2
3+ 0.6 1
S
o
3 0.4 -
kS
* 02
0 i T T T T 1

200201@201201201201201201@012018
1 x s T oA .s AYT X L {olXTs TMANq s

~ ~ v

Figure C14: Prevalence of the six gut parasite species examinedSnrivulatus.
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Bush Index of Importance
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Figure C16: Bush Index for the importance of infection of the six gut parasite species examined$n
rivulatus.
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Grain Size DistributionNB Grain Size DistributionSB
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Figure C17: Grain size distribution (weight percent) for soft sediment in two sites, at thaorth beach (NB)
and south beach (SB) of Eilat.
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Taxa NB SB
2016 2017 2018 2016 2017 2018
Agglutinella compressa +
Ammonia spp + + + + + +
Amphisorus hemprichii + + + + + +
Amphistegina sp. + + + + + +
Articulina sp. + + + +
Assilina amonoides + + + + + +
Bolivina spp +
Borelis schlumbergeri + + + + + +
Brizalina sp. + + + + +
Cibicides spp + + +
Clavulina angularis + +
Cycloforina sp. + + + + +
Cymbaloporetta sp + + + +
Discorbinella rhodiensis + + + +
Elphidium sp. + + + + +
Epistomoroides punctatus + + +
Epoindes repandus + +
Fursenkoina sp. A + +
Hauerina sp. + + + + + +
Labrospira jeffreysii + + + +
Lachlanella sp. + + + +
Lagenammina atlantica + + +
Miliolides sp. + +
Miliolinella sp. + + + + + +
Nonion spp + + + + +
Paratrochammina madeirae +
Peneroplis planatus + + + + + +
Planogypsina + + +
Pseudoaurinella dissidens + +
Pseudocibicides + + + + + +
Pseudomassilina sp. + + +
Pseudoschlumbergerina ovata +
Pseudotriloculina sp. + + + + + +
Pyrgo sp. + +
Quinqueloculina sp. + + + + + +
Reusela spp + + +
Rosalina spp + + + + + +
Schlumbergerina alveoliniformis +
Siphonaperta sp. + + + +
Sorites + + + +
Spirillina sp A +
Spiroculina + + + +
Textularia spp + + + + +
Triloculina sp. + + + + +
Trochulina sp. A + + +
Varidentella cf. V. neostriatula + + +
Vertebralina striata +
others + + + + +
E . x , | s . x 1 s .o ow XX { " x s s -|<"xx'|Is" X, e Ayx,&(wx "X {™* 1.
Table C3: Benthic foraminifera identified at the North and south beach sites
X « MNematddaCopepodaPplychaetas - x « x * <« 4 1 « <« 7 + 4., 474 _ .~ x|
20 - Vx ) LZZS: ”xN‘sx XX S X € 61V8,xx,)-|:\sx”<xx,,'|'|s\ ST o ~_>sv 'I-Jl *v,,X\ x

(s 22U x s X%k
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Figure C18: Abundance of meiofauna genera dwelling in the upper layer of two soft sedintesites, at the
north beach (NB) and south beach (SB) of Eilat.
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NB SB
2015 2016 2017 2018 2015 2016 2017 2018

Amphioxus * * * *
Amphlpoda * * * * * * * *
Anomura * * * * * *
B'Valvla * * * * * * * *
Chaetognatha * *
Cnidaria (Actinaria) * * *
Copepoda * * * * * * * *
Crustacea sp *
Cumacea * * * * * * * *
Decapoda * * * * * * *
Echinoidae * *
Echiura * * *
Gastropoda * * * * * * * *
Holoturioidea *
Isopoda * * * * * *
Mysidae * *
Nematoda * * * * * * * *
Nemertea * * *
Ophiuroidea * * * * * * * *
Ostracoda * * * * * * * *
Platyhelminthes * *
Polychaeta * * * * * * * *
Sipunculidae * * * * *
Tanaidacea * * * * * * * *
q x , | s X 7 s ,ovow XX { " x . S X 1 s P BT AN CR TP S I

Table C4: Meiofauna groups< identified this year at the North ‘andSouth beach sites
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Gulf at ca. 50 metersdepth.
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dots represent the sampling depths.
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Figure D9: Changes in dissolved oxygen concentrations in 40o 700m water depth at Station A, since
2000.
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Figure D10: Depth profiles of pH values neasured during the monthly monitoring cruises. Station B is the
southernmost and deepest (38m) and was sampled in September. 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: Changesin pH in the water column at Station A sinceNovember2006. Black dots
represent the sampling depths.
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Figure D12: Alkalinity profiles measured during the monthly monitoring cruisesStation B is the

southernmost and deepegt>800m)and was sampled in September. Station A is on the

Israeli/Jordanian/Egyptian border at ca. 700 meters depth.
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Figure D13: Changesin 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 anddeepest(>800m)and was sampled in September. 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
B is the southernmost and deepe$t-800m)and was sampled in September. Stath 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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