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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 2 091

Dr. Yonathan Shaked, Program Manager
Prof. AmatziaGenin, Scientific Director
(March, 2@0)

Introduction

This report describes the work and results of Ig&kdtional Monitoring Prograrm the Gulf of
Aqgaba Eilat) T NMP 1T in 20109. It is divided into chapters according to habitats and the methods
employed Each chapter includes a short description of the methods used, a detailed description of the
results including data and figures, and a discussion of the findings. A comprehensive description of the
methods used is given in the NMP aahscientific eport of 2003. While most of the text in this report is
in Hebrew, all igures and figure captiorae given in English.

The NMP has been operating since 2004, collecting continuousylatingpredetermined standard
methodsanda dedicated team. The htyi to review consistently collected data provides increased
analytical power and confidence in our findingowing us to seek inteannualpatterns and trends. A
comparison of the preseday state of the reef with historicgremonitoring,data carbe found in the
NMP annual scientific report &004.

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

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

The NMP reports are available through the web site of I1rdginistry of Environmental Protection:
http://www.sviva.gov.il, and on theN\MP page in theUl web-site: http://iui-eilat.ac.il/.

A database that includesita collected bthe NMP since 2004 is available for public download
through theNMP websiteaccessible through thel.
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Key findings of this year

The coral reefs of Eilat

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 24.9+4.5%, a little higher than last year's average (24.0+4.0%). The
avaage colony density this year is still low relative to last few years, 27.7+3.2 colonies-per ten
meter long line transect, compared to last year's 28.2+3.6 that was also on the low side. The
average colony density at all sites increéi$rom2010to 2017 although year to year changes are
small.

Over the monitored period a significant increastheaverage live coral covesas measured, but

this trend seems to weaken in recent years

Size of stony coral colonié¢sThe characteristic size of coral coloniesies between monitored

sites. At the IUI site the fraction of small colonies is largest whereas at the shallow NR site it is
smallest, and large and huge colonies are more common there than at other sites. Over the years
decrease in the fraction ahall colonies and an increase in that of medium and large colonies is
documentedDuring the interval 2002012 the number of small coral colonies in Eilat decreased,
but this trend has slowed in the last few years and colony density fluctuates. Thisrgéar

density is similar to that measured in the previous year.

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&dlédaveragesalueof

this index for all sites is decreasing throughout the monitored period, but the cheagyeall It

seems likely that the decrease in average LTI in Eilat stems, at least in part, from better coral
survival and so fr oumulfieairguries.g0 of coral s 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 deepiées. These findings are corroborated by rarefaction curves
and the expected number of coral taxa per 1,500 random individuals, though changes in all metric
are small.

Reef flati Due to its unique character, the reef flathatcoral reserve is corggred separately

from the forereef sitesThis year's coral cover and colony density at the reef flat remain
unchanged and seem to be stable over the past three years. The reef flat is more sensitive to
external forcings than foneef sites, and its cdrdiversity is lower. Massive stony corals

dominate the reef flat whereas branching corals are common atédrsites.

The coral reserve lagodriEnvironmental coditions at the lagoon are harsh andtss dominated

by asmallnumber of coral taxandcoral diversity is lowThe dominant coral at the nature

reserve lagoon isoral Stylophora pistillatgcomprising 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 of the dominant coral, as a result of several strong storms. In recent years an
increase is measured although density this year decreased and it is still lower than that of the
initial years of monitoring.

Coral settlement in the reefThe NMP started monitoring coral settlement in 2015, using
settlement plates placed two reef sites, the nature reserve anduhebut the monitoring

procedure has changed from year to year based on our initial find@imgs/ear a third site (at

KATZA) was added and the sampling protocol seems adequate. More coral settlers are found at
the nature reserve site than at ithke and they also seem to grow better. The new sampling site at
KATZA seems to place in between those two, but more similar to theenaserve site.

Settlement patterns at the reserve are more constant throughout the season, whelehsred the
largest number of settlers was found on plates retrieved in September, and on plates retrieved lat
a drop in the number and size of capats was documented.
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8. Sea urching Of the invertebrates, sea urchins are the most important group of reef grad@rs
this group Diadema setosums the most abundaspeciesn Eilat. Its density fluctuates from year
to year and dictates the densifiythe entire urchin populatioSea urchin density was lower this
year than in the past two years

CoastalEnvirons

9. Nutrient concentrations in coastal waterSoncentration®f nutrientsarecommonlyhigh during
winter and very low during summer. Theopess that dictatehese dynamics the seasonal
mixing driven by cooling of the sea surface in wintghich brings nutrientrich deep waters to
the shallow coastalareahi s year 6s seasonal mi xi ng was |
maximum deth of some 450 meters in April. As a result of the discontinuous mixing process and
medium depth most concentrations in the open sea were as low as those of shallow mixing years.
Against this low concentrations background irregularly high nutrient cotiems were
measured duringJurkul vy i n the northern coast al sites
In addition to the routine monitoring measurements, high turbidity and massive algae blooms were
often reported near the outlet of the Kinnet ateinperhaps resulting from infrastructure works at
and around th channel. Such occurrences were also reported in the previous year.

10.Seagrass In the years that segrass is monitored meadows at both monitored sites (northern
and southern beaches) arg¢emsive, covering much of the available ssétiment seafloor, and
cover increases with depth at the examined range of 10 to 20 meters. This ygrass&aver at
both sites was also surveyed at 30 meters depth and was found to increase in richaess in t
southern site while at the northern site it begins to dwindle at that depth. In contgistssea
cover at 10 meters depth at the southern site was sparse this year. It is likely-¢hasseaver
fluctuates seasonally and int@nnually, but it isstill early to detect patterns in these changes.

The deep water column

11.Vertical mixingi Cooling of the water columihis year wasong but discontinuous, and reached
a maximum depth of some 450 meters. This is deeper than in the previous two ystitsiimit
not affect the deep water column. This is the seventh year (since 2012) in which waters deeper
than 500 meters are discontented from the sea surface.

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

13. Chlorophylta and phytplanktonconcentration$ Concentrations athlorophylta and of
unicellular plankton in the water column measured this year are characteristic of years in which
water column mixing is not deep. Although mixing was deeper than in the previous two years this
year s concent r atobablyas aneselt obtherdoad, irrdgulag dne disgontipuous
pattern of mixing this year.

14. Primary productivityi The pattern of primary productivity was similar to the past few years,
without outstanding values. However, in addition to the expected gadigictivity peak this
year productivity was also high in June. This may have been fueled by nutrient input detected at
the northern coastal stations during that month.
It seems that bloom dynamics is influenced by various factors in addition to the unaxiepth
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 the system.
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Supplementary continuous measurements

15. Sea surfacehlorophylta next to Eilat's coral redtlaily measurement) Chlorophylta
concentrationfluctuate sharply and frequently. In accordance with this year's rather long mixing
period, annual peathl-a concentrations were measured during Makghil-May. These
concentrations, however, were not particularly high and were generally lower than the multi
annual mean values for those months. Throughout most of thehjearphylla concentrations
next to tle reef were lower than the muéthnual average and there was no significant spring
bloom.

16. Sea surface temperatures next to Eilat's coral(dady measurement) Throughout most of this
year ®a surface temperature wagher tharthe multrannual aveageand summer temperatures
were also higher than the 90% percentile of the past thirty years. On average this was a
particularly warm year and the average annual SST was the third highest measured so far, only
exceeded by the years 2010 and 2018. Anadese in SST next to the nature reserve reef is
documented since 1988.

17.Meteorology(continuous measuremefitMeteorological measurements reflected a regular
annual cycle without significant abnormalities. SST measured continuously at the Ul pier was
high throughout the year, with a maximum of nearl§GGsimilar to that of the previous yéar
that was on average the warmest year on the NMP record.

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

Multi -annual variations and trends

The coral reefs of Eilat

1. Live stony coral cover Live coral cover is the most significant metric reflag 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 aneased and fluctuated in the range 2239% and in 2013 the
highest average cover was recorded: 26.4%. Since then, the average coral cover at Eilat ranges
between 24.0% and 25.3%. Changes in live coral cover are not uniform and vary from site to site,
but overall a significant rise in coral cover is revealed by NMP measurements. In recent years the
trend of increased coral cover seems weaker and this year a slight decrease was measured.

2. Stony coral density and si#eAverage coral density between all nitored sites varies from year
to year, although annual changes are small. Coral density increased gradually between 2010 and
2017 and declined somewhat in recent years, but it is higher than that of the initial years of
monitoring. Throughout the monitatgeriod 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 coralsThis 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 exposedatiompantality.

4. Diversityi Stony coraldiversity 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 -gtdrasket
(Astroboa nudpand Yellowspotted sea cucumber previously unreported in Eilat, as well as
frequent sightings of fish that were thought to be rare. Imtge@ars there is also an increase in
the number of sea urchins other than the domibBastetosum
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Coastal Environs

5. Nutrient concentrations in coastal watefdutrient 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 instratifiedsummemonths. Abnormally high concentrations, indicating local nutrient
enrichment, were common until 2007 and became less so in lateriyeaeser abnormally
high concentrations of nutrients, particularly at the northern samplingnstare again
occasionally recordeid recent years.

6. Benthic foraminifera in soft sediment at the former location of aquaculture icddesbenthic
foraminifera community beneath the former aquaculture cages at the northern shore of Eilat
displays gradual mvery since 2008 (Oraoet al, 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 rajd than the
recovery from the impact of aquaculture cagescating a healthy habitat

The deep sea water column

7. Concentrations of dissolved oxygen and nutriérifbie Gulf's ecology, particularly the annual
dynamics of dissolved oxygen and nutrients @vadr 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 the concentratiémutrients in the deep waters.

This is the seventh year in vehi waters deeper than 500 meters are not mixed with surface

waters. Therefore, nutrient concentrations continued to rise, and oxygen concentrations to drop in
the deep waters, but the rate of change is small and it seems that the system is close to
equilibrium.

8. Water temperaturé The temperature measured in the deep water was at a low in the years 2007
2008 due to deep mixing and has been slowly rising since. Despite deep mixing in 2012 a drop in
the temperature was not noted at depths greater than %6 meéus, the documented trend of
rising deep water temperatures continues.

A correspondingrend ofrise in sa surface temperatures in Eilstdocumented since 1988
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Figure BL 4p.169): Maximum and minimum (red and blue, respectively) dailylegal measurements.

Figure E13 (p.10): 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 IUI.

Figure EL 4p.171): Currents off the Ul at three depths (near the sea floor at 39m, 21oicsedio the surface at 5m) during
JanuaryMarch 2019.

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

Figure EL gp.174): Weekly dust concentrations the air above the sea. Dust is measured on filters through which air is
continuously pumped.

Figure G1 (p.I7): Study sites of water sampling (surface water and water column). Station B (not shown) is located 10 km
south of Station A.
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Figure A2: Time series of the Nitrate concentrations at 700 meters depth in Statlon A showmg the three
tested time intervals of nearsteady state following deep vertical mixing (red rectangles and Table A2).
Immediately following deep mixing nutrient concentrations change rapidly and after approximately 4 years
an apparent steady state is achieved. The middle period starts only three years after deep mixing.
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Period Dates Temp. Oxygen Nitrate Phosphate Silicate
(69) (HM) (HM) (nM) (HM)
1 22/2/0415/1/107 | 5097 (+0.0561) | 161.05(+3.00 | 6.66(x0.32) | 0.3 (+0.03) | 3.51 (+0.4)
2 17/1/1%8/2/12 | 51 04 (+0.01p | 170.® (+2.4) | 5.61(x0.18 | 0.31 (x0.02) | 3.16 (x0.1)
3 18/1/1616/12/19 | 51 14(+0.02 | 171.56(*3.04) | 5.68 (x0.27) | 0.33(x0.2) | 322 (+0.15)
Kruskal_wallls Pvalue *kk*k *kkk *kkk *kkk *kxkk
DwassSteelChritchlow ab.c ab.c ab.c ab.c 1v2, 1v3,
Fligner post hoc pahwise test ” T T T 2v3
1w X X . Xosteady’State . X X . .S XX 1S X 4 BE 4 4. 1 X TS X xm Xl
P47 Tx xots Ty TEx L s U7 00 R SR SR HE S X ]
ck SX T 0 e T e x| X8 PpepO@bL, X 4xdrsel) e 4 < x Krdskal Wl 4 X«
CX ] DX (s w0 Xs s, o -+ DwassSteet@hiitchlsw)-Flignex | * «
Y 4 X x 5] X8 1 *X X (‘P'<05_05 {w:s X X '|=¥> Xpe | s ” X (a,b,C)1 {6 x % x x
i ’ | ” i N x Ilv\ ~ L ; ANY X x X X) !:‘

Table A2: The three time intervals in which nutrient and dissolved oxygen concentrations reached a near
steady state after deep vertical mixing of the water column, and thevarage concentrations(N standard
deviation) at 700 meters deptHor each interval. Statistical significance of the difference between intervals in
an aparametric Kruskal -Wallis test are shown, where **** denotes P<0.00001. The bottom row lists the
periods that differed one from another in a posthoc DwassSteetChritchlow -Fligner test between pirs of
intervals. Three different letters (a,b,c) indicate that each period differed significantly (P<0.05) from each of
the other two periods. *This period starts three years after deep mixing, rather than four.
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Figure A3: Changes intemperature and the concentrations of oxygen, nitrate, phosphété and silica at 700
meters depth in Station A during the three examined time intervals (that began 4 years after deep mixing,
see Table A2).
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200810 201214
Regression slopq Standard error | Regression slope| Standard error
Oxygen -8516 2.85 -7.76 2.78
NOs 0.803 0.224 0.616 0.273
PO, 0.288 0.131 0.194 0.126
SiOy 0.0465 0.0242 0.0316 0.0211
XL L0000 N x s 4 X T 6 s T b 1T s T s xS
5'1”19032@)1141)”'“3" 202808 A9 Y LS 1 x x o
Cx14.s 1x74 T x 4 s XxLF¥T 0, stH1E

Table A3: The slopes of linear regression (and standard errors) between concentrations and time at 700

S 3 N8 X X

X

.I

A SSE qr s F X e

s " L

meters depth for two threeyear time intervals following deep mixing (deeper than 800m). Thesgression
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 gar.

Nitrate

. y =0.8516x + 3.3275
B R?=0.8855

y=0.6978x + 3.3577
R*=0.7392
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Y =0.3299x + 2.0969
R®=0.7383
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R™=10.8351
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Silicate

y = 0.0475x + 0.18381
R*=0.7098
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Figure A4: Rates of change in dissolved oxygen and the three main nutnents (nitrate, phosphate and silicate)

at 700 meters depth in the three years following deep mixing of the water columin the two examined time
intervals. The rate of change is the slope of the plotted regression lines. The rates of nutrient accumulation

and oxygen depletion were faster during the first interval.
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Figure A5: Time series of averagechlorophyll-a concentrations in the upper 60 meters of the water column
in Station A, since 2004.
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Reg. coeff. R P value
Live cove[%] 0.41 0.73 FFFF
Coral density#/10m] 0.28 0.54 F F
Medium corald#/100m] 2.9 0.92 FFFF
Small coral§#/100m] -2.03 nonrn FF
LTI[%] -0.3 ndéc11 FFF
Urchin densityf#/m?] -0.1 noc FFF
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Table A4: Linear regression coeficients and their significance of the main variables measured in Eilat's
coral reefs. The regression was calculated for annual averages versus time (in years), so that regression
coefficients represent the rate of annual change for each variable. Variablegth a statistically significant
regression are highlighted in red.

P values are indicated as follows: **** p<0.0001, *** p<0.001, ** p<0.01, * p<0.05, N&ot significant.
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Table A5: Summary of trends concerning the state of the system at the northern end of the Gulf of Eilat.
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which the deep water concentrations change ovethe period (see Table AS3).y= improvement,

Z=deterioration, - = no trend.
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Table B1: Locations and depths of the reef census lifteansect survey sites
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Figure B1: An aerial photo of the northwestern shore of the gulfsouth of 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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Figure B2: Diver during reef surveys at the nature reserve. A measuring tape is spread over the reef and the
divers record the projected length of all theorganisms and substrate underneath the linéransect to a
resolution of 1 cm. Photo: N. Segev.
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Figure B7: Left - The average livestony coral cover at each site, as percent of total areRight - Utilization
of rocky substrate by stonycorals (percent of live stony coral coverage out of the total consolidated substrate
at each sitg. The thin black line denotes the average value for all eight surveyed sites.
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Site Katza 10 Katza20 NR5 NR10 NR20 [IUI5 IUI10 IUI15| Kata NR Ul Eilat
Transects 19 18 16 20 17 18 20 18 37 53 56

Stony corals 27.91 28.76 4586 10.73 38.29 19.01 1321 1514 | 2832 30.17 1570 | 24.86
stdev 9.68 8.51 11.35 477 10.70 5.95 4.90 5.57 9.01 1798 590 | 12.59
SE 2.22 2.01 2.84 1.07 2.59 1.40 1.10 1.31 1.48 2.47 0.79 4.45
Ccv 0.35 0.30 0.25 0.44 0.28 0.31 0.37 0.37 0.32 0.60 0.38 1.97
Octocorals 8.39 7.58 0.53 1.07 5.50 0.26 0.75 1.64 7.99 2.33 0.88 3.21
stdev 7.29 461 0.55 1.19 4.97 0.41 0.73 1.65 6.07 3.62 1.18 3.38
SE 1.67 1.09 0.14 0.27 1.20 0.10 0.16 0.39 1.00 0.50 0.16 1.20
Ccv 0.87 0.61 1.04 1.12 0.90 1.59 0.97 1.01 0.76 1.56 1.35 0.95
GRV+Sand 26.02 26.54 10.67 7283 2885 31.02 54.33 6202 | 26.27 39.96 49.31 | 39.03
stdev 9.84 10.93 9.63 11.74 1281 16.23 1346 11.34| 10.24 29.11 18.85 | 21.39
SE 2.26 2.58 241 2.62 3.11 3.83 3.01 2.67 1.68 4.00 2.52 7.56

Ccv 0.38 0.41 0.90 0.16 0.44 0.52 0.25 0.18 0.39 0.73 0.38 1.82

Rocks 29.29 30.06 20.63 1161 1751 4395 2593 1754 | 29.66 16.22 29.03 | 24.56
stdev 7.58 1097 1125 1085 7.26 11.01 9.89 9.62 9.26 10.51 14.82 | 10.09
SE 1.74 2.58 2.81 2.43 1.76 2.60 2.21 2.27 1.52 1.44 1.98 3.57

Ccv 0.26 0.36 0.55 0.93 0.41 0.25 0.38 0.55 0.31 0.65 0.51 2.43

Dead Corals 7.15 5.82 22.00 3.72 8.91 5.69 4.71 2.69 6.50 10.90 4.38 7.59

stdev 4.03 3.35 7.84 4.06 4.86 4.99 3.85 2.10 3.73 9.49 3.96 6.14

SE 0.92 0.79 1.96 0.91 1.18 1.18 0.86 0.49 0.61 1.30 0.53 2.17

Ccv 0.56 0.58 0.36 1.09 0.55 0.88 0.82 0.78 0.57 0.87 0.91 1.24

Normalized Cover 37.84 39.82 51.09 4249 5447 2766 31.08 4231 | 38.80 4893 33.59 | 40.84
stdev 11.25 9.75 9.16 13.67 11.07 6.29 11.70 15.89 | 1045 1255 13.28 | 9.06

SE 2.58 2.30 2.29 3.06 2.68 1.48 2.62 3.74 1.72 1.72 1.77 3.20

Ccv 0.30 0.24 0.18 0.32 0.20 0.23 0.38 0.38 0.27 0.26 0.40 451

Density 35.26 3556 30.75 1195 37.24 2961 2085 20.61 | 3541 25.74 23.59 | 27.73
stdev 7.54 6.10 5.40 6.44 7.19 9.94 6.26 4.67 6.78 12.79 8.26 9.01

SE 1.73 1.44 1.35 1.44 1.74 2.34 1.40 1.10 1.12 1.76 1.10 3.18

Ccv 0.21 0.17 0.18 0.54 0.19 0.34 0.30 0.23 0.19 0.50 0.35 3.08

Normalized Density  48.49 49.81 35.11 4524 53.03 43.15 48.41 59.04 | 49.13 44.68 50.14 | 47.78
Stdev 8.27 8.70 791 1342 416 1132 1317 16.13| 839 11.84 1493 | 7.05

SE 1.90 2.05 1.98 3.00 1.01 2.67 2.94 3.80 1.38 1.63 2.00 2.49

Cv 0.17 0.17 0.23 0.30 0.08 0.26 0.27 0.27 0.17 0.27 0.30 6.78
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Table B2: Summary of cover data collected in line transectt 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 B10: Size frequency distribution of coral colonies in the surveyed sites. Size classes are: Small<5 cm;
5cm <Medium< 15 cm; 15 cm <Large< 30 cm; Huge30 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 (Zvahi et al., 2008)
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Figure B11: Stony coral cover versus the number of stony coral colonies in @veragelO-meter transect at
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the suveyed Eilat reef sites
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Figure B12: Top: Changes in average relative size fraction of Eilat coral colonies (corrected for transect
based count biasduring the monitored period. Bottom: Aveaige coral density (per square meter) by size
class in Eilat, calculated from transect count data and corrected for size bias. Size groups are: Small<5 cm; 5
cm <Medium< 15 cm; 15 cm <Large< 30 cm; Huge>30 cm.
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Figure B13: The Live Tissue Index (LTI) for corals in the surveyed sites. The LTI is the site average of the
percent area of live/healthy coral tissue for each livingolony.
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Figure B14: Changes inthe state ofcoral coloniesover time according to the averaggercentageof living
coral tissue(LTI) from all sites over themonitored period.
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Figure B16: The ShanonWiener diversity index of coral taxa estimated this year for each site 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 B17: The ShanonWiener diversity index of coral taxa estimated for each site over time by the
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Figure B18: Rarefaction curves of taxa richness based on colony counts, calculated with the EstimateS
software (Colwell, 2005 http://viceroy.eeb.uconn.edu/Estimateyfor each ste.
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Figure B2 0The twenty most abundant coral taxa in the reefs of Eilat during the monitoring period,
arranged according to their abundance in 2@ 9At 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.
Cx 7« P x ¢ s L X1 I R e FSLo 1 X A B & 9 x 1
_26 ”X'I\- L S ( X :S ”Yx r” . s 7 X =\.J }-'IY

~ > < ~ ~ ~

47



Averages Average

Katza Katza

10 20 NR5 NR10 NR20 IUI5 1UI10 IUI15| Katza NR Ul Eilat
Acropora 554 473 439 124 928 238 373 3.16| 5.15 477 311 4.23
Montipora 382 437 117 093 781 043 077 065| 4.09 321 062 2.44

Lobophyllia 041 047 1786 006 064 006 000 0.03| 044 562 0.03 2.16
Echinopora 2.89 2.28 687 078 352 039 051 0.27 2.60 3.50 0.39 2.08
Stylophora 2.20 2.34 1.34 1.15 1.07 2.52 1.70 224 2.27 1.18 2.14 1.82
Goniastrea 213 063 5.03 1.14 1.46 267 040 034 1.40 2.42 111 1.66
Cyphastrea 1.86 142 099 042 2.44 1.38 1.32 0.20 1.65 124 0.98 1.24

Porites 1.01 238 087 0.65 245 0.06 0.30 1.04 1.68 1.30 0.46 1.07
Dipsastrea 052 072 015 077 083 329 073 024| 061 0.60 1.40 0.91
Leptastrea 104 094 036 007 057 087 055 032| 099 032 0.58 0.59

Paramontastraea 0.63 1.13 0.04 0.18 1.14 0.24 0.71 0.56 0.87 0.44 0.51 0.58

Pavona 062 155 016 029 070 007 011 003| 107 038 0.07 0.44
Platygyra 042 016 083 018 071 099 015 005 029 054 0.39 0.42
Favites 013 026 025 013 09 053 026 071 019 043 0.49 0.39

Psammocora 058 062 013 016 112 001 000 006| 060 046 0.02 0.33
Mycedium 041 022 178 002 009 000 000 o000 032 057 0.00 0.29
Plesiastrea 021 017 023 030 060 036 013 026| 019 038 0.25 0.28

Goniopora 028 084 076 007 018 000 000 008 056 031 0.02 0.26
Gyrosmilia 003 000 000 008 009 013 018 169 001 0.06 0.65 0.27
Turbinaria 006 003 019 031 029 083 000 046| 005 027 0.42 0.27

Stony corals 2791 28.76 4586 10.73 38.29 19.01 13.21 15.14| 28.32 30.17 15.70 24.86

I I TV IR b B ST D RSN S R SRR S I 2
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 transect lengtht each site.
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Figure B21: Cumulative percent cover of live corals, sand, rock and dead corals at the reef table. Values are
averages of line transect values.
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Figure B22: Percent cover of live corals and denS|ty of coral colonies on the reef table since 2007.
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Figure B24: The number of coral genera encountered in th&eef Table surveys.
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Rank | Reef Table Fore-Reef
1 Platygyra Acropora
2 Acropora Montipora
3 Dipsastraea Lobophyllia
4 Hydnophora Echinopora
5 Millepora Stylophora
6 Stylophora Goniastrea
7 Favites Cyphastrea
8 Echinopora Porites
9 Pocillopora Dipsastrea
10 | Acanthastrea Leptastrea
11 Montipora Paramontastraea
12 Porites Pavona
13 Goniastrea Platygyra
14 Lobophyllia Favites
15 Cyphastrea Psammocora
16 Echinophyllia Mycedium
17 Leptastrea Plesiastrea
18 Seriatopora Goniopora
19 Leptoria Gyrosmilia
20 Pavona Turbinaria

{7 x s I« 1.

.

X X
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"oy
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Table B4: The most abundant stony corals (b)7 cover pércentage) at the reef table and the reef front sites.
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over the monitored period and the reettable displays large fluctuationsreflecting the high sensitivity of this

habitat.
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Figure B26: Correlation between the live coral cover in the "Eilat Reefs" and the density of coral colonies
from different size groups (after correcting for count sizebias). Small colonies (S) are most abundant and so
influence the oveall coral density (All). There is a weak negative correlation between the density of small
corals and live cover (top). There is a positive correlation between corals of the larger size groups, and
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significant contribution to coral cover in Eilat's reefs.
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Figure B27: Sites of the photesurvey of coral reefs dnng the Eilat coastline (green =
markers).
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Figure B28: A set of photographs from one of the photesurvey sites in the natue
reserve reef (2004 top, 2005 bottom). Among the observed changes are partial
mortality of the massive coralPlatygyral (top center), and growth of two colonies
of the branching coral Acropara 1 and 2, (center and top right respectively). In
addition, a few colonies are missing from the bottom picture (2005), and some are
new settlers that appear only in 2005.
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Figure B29 : Eight years of documentation at permanent photo site Nature Reserve, point A, looking west.
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Figure B30: Growth curves of specific coral colonies at the permanent photosits.

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

Ac=Acropora; Po=Pacilopora; Sty=Stylophora; Cos=Coscinaraea; Di=Dipsdrea; Go=Goniastrea,
Le=Leptastrea; Pa=Paramontastrea.
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Figure B32: The sampling design in the lagoon. 1 Aguadrates (red circles) were placed 5 m apart along a
measuring tape laid cross shore, 9 m from the "shore line" to th reef table. Each cross shore line included 5
or 6 quadrates (though in this figure only 4 are depicted). A.crossshore lines were evenly spread to cover
the lagoon area.
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Figure B33: Relative abundance(by colony number) of the 10 most abundant coral genera in the Iagoon
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Species n Relative abundance [%)] n/m2
Stylophora 71 36.79 0.70
Millepora 57 29.53 0.56
Dipsastrea 27 13.99 0.26
Rhytisma 26 13.47 0.25
Acropora 4 2.07 0.04
Goniastrea 2 1.04 0.02
Favites 1 0.52 0.01
Leptastrea 1 0.52 0.01
Montastrea 1 0.52 0.01
Tubipora musica 1 0.52 0.01
Litophyton 1 0.52 0.01
Sinularia 1 0.52 0.01
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Table B5: The number of colonies, relative abundance anelverage denS|ty (colonies per square meter) of
the coral taxa found in the lagoon.
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Figure B34: The average density (colonies/square meter) tie main coral generafound in the lagoon
during the monitored period. Top: the dominant coral taxa, bottom inter-annual fluctuations in density of
all coral colonies and the most abundant corgbtylophora pistillata
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Figure B35: Changes in coral diversity in the lagoon since 2004, according to the Sharafiener index,
estimated using the EstimateS software.
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Figure B37: Tiny coral colonies (spats) on settlementlates retrieved from the reef
X o« oo X
'|~va .(sv\isxng_5:£..|_:-||§,>11i<<><-|v:<-|is|l">$(~j<)s"x~\
el x ] s 1. Y PVC_ N ko6 x4 s] 1) p AT %]
4T X 1Y L x 7o ~ 1,5 s {s T4 20067 T, ) s ks v
’:\(.ZOIJ_B”JH(',SX]"Xl) :x.|:xAv~v X o o X X | % & s v L X
. x 7 s ,2%0.1 Bs" _.u- BO XY s, ko x TN 1Y Xy
Lo 1s s > S b, X b , o
L 1. x_ 2014 4" s3F07 "0 xh"x ) X 4o X v 1S .7
A xs Cx 1 Xy {1 *y Lo, Tl X , (1, x Yy X o hxe g e
,,x-|-|"’S'|>‘.",,YVZ>¢<><x-|-|.ss x4 ] x L L, X ” ox X% X
Pocilloporidae = 1 , _ _ _ +~0 1 +x1 s~ 7 DXy x 508B5rs{ "] *,
- L 1+« - styldphora gistillatax =, " S+ 1 IBabdocketal,, 20031 * |
VX‘|Y oy ox 1 %Xy ; X 4 s{,iil_sk,xlxyv:sxq;:'-zto:lq:l’)i‘?(ﬂss
G ) e B S S A T L T e N T I P R B
o I U N S T T ol [ I I Lo s A L ox 4 L x by
Lo o X s iy |l s L :
T4 o x @ s ox ot e x o o bx T os T x o  p 44 x T T o
(*_d4exp + 1, ) +ASpdtsi xww{LXs 4 &I Y, 4. Tx X 44
vaLL I ’x“hvs x4 ] x L Lo ,=yxvs ,=X:'|:S =
Fd 440 0 v o Yyx o v s 44 . 4 T L) sxX 44 s
" x , )8! AQsh splxy x s, x Doxox 1™ sl s xH I L, (4

~

. ~ X ~
DX X L, T es b T s 4l X 2128% $4 X5 S 7 8)B BB LY 5K
= x|

LoX s X L XY s % o DX Y 8, x L ] XX

S X « X oA {4 xy , X A X v o ” s , X S PR i ] For

A LA Xy s L T ] s b XY LT ST s
S -

- xd ) rd s Tes v 4, es 4T s o x X s X T ) o ]

6 6



Figure B38: Top i the average number of coral spats at different time intervals between April and
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at the sampling sites.
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since 1997. Each point is an average of three plates submerged in the sea for two months.
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Figure B56: Changes in the number of reef fish accordlng to trophic level since 2007, normalized for the
sampling effort.
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9 5
Taxa o Schooling Diets e Z c
3 2
¥ ol
Blenniidae/Gobiidae Sol HD/OM Bottom 51 36
Mullidae (parapeneus) SM Graup IM Bottom 29 83
Pseudochromidae @ Sol IM/PK Bottom 28 41
Scorpaenidae, Synanchiidae =1 Sol FC/IM Bottom 1 0
Synodontidae c%- Sol/Pair FC Bottom 3 3
Pinguipedidae Sol/Pair FC Bottom 9 3
Tetraodonitidae/Diodonitidae Sol/Pair OM/IM Bottom/L 0 3
Acanthuridae SGraup HD Bottom 0 23
Zebrasoma, Z. desjardinii, SGraup HD Bottom 6 23
Ctenochaetus striatus/Acanthurus nigrofuscus SGraup HD Bottom 38 44
Balistidae Sol IM Bottom 13 23
Chaetodontidae SM Group/Pair MIS/OM  Bottom/low 0 4
Heniochus sp. SGraup PK Low 2 2
) . . . . . M-G/Pair
Other:C. fasciatus, C. austriacus, C. auriga, paucifasiatus, semilar IM/IS/OM  Bottom/L 31 37
Labridae Sol/SGroup M Bottom 0 0
Thalassoma sp. SGraup IM/PK Bottom 36 52
Coris aygula Sol M Bottom 1 3
Gomphosuse caeruleus Sol IM Bottom 14 13
Labroides dimidiatus Sol IM Bottom 3 2
Cheilinus lunulatus Sol M Bottom 1 3
Bodianus anthioides Sol M Bottom 6 6
OtherLabridae Sol/SGroup IM/PK Bottom 46 16
Ostraciidae Sol IS/IM Bottom/L 1 4
Pomacanthidae g Sol/Pair HDAS/IM Bottom 4 5
Pomacentridae 3 SLGraup OM/PK Bottom/Low
Amphiprion bicinctus pY SGraup PK Bottom 6 3
Dascyllus aruanus & M Graup PK Bottom 26 5
Dascyllus marginatus o M Graup PK Bottom 58| 128
Pomacentrus sulfureus SGraup OoM Bottom 8 0
Neopomacentrus miryae L- Graup PK Low 190 32
Pomacentrus trichourus S Group OM Bottom 114 | 138
Abudefduf sexatilis SGraup oM Low 0 0
Chromis dimidiata M Graup PK Low 4 7
Chromis viridis LGraup PK Low 221 26
. . . SLGroup
Other PomacentridagNeoglyphidon melas, Amblyglyphidon sp. OM/PK Bottom/L 0 4
Scaridae Sol/SGroup HD/OM Bottom/L 75 37
Pterios sp. Sol FC Bottom 0 1
Serranidae Sol/LGroup FC/IM/PK Low 0 0
Variola louti Sol FC Low 6 7
Pseudanthias squamipinnis L Group PK Low 22 18
Other SerranidaeEpinephelus sp., Cephalopholis sp. Sol FC Low 155 237
Siganidae Sol/Pair OM/IM Bottom/Low 1 2
Lethrinidae Sol/SM Gr IM/FC Bottom/L 2 3
Apogonidae 8 13
Atherinidae pe LGraup PK High 1600 38
. . QD
Caesionidae % LGraup PK High 0 80
Others 2 3
Total 2821 | 1211
Coral with fish NR: 60, IUI: 82; Corals without fish NR: 60, 1UI: 83;
Y X s R XL T s K

Table B7: Fish abundance of at theCoral Beach Naure 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 C1 1Temperature at the coastal water sampling stations since 2004.
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No. Location | Weight (gr) | Length (cm)| Scler.| Gyliauc. Proiarascltjcul. Opist. | Hexan Date
411191 1UI 185 24.5 2 1 1 4.11.19
411192 1UI 121.4 20 5 4.11.19
411193 1UI 118.9 20.5 5 1 2 4.11.19
411194 1UI 120.2 21 1 2 1 4.11.19
411195 1UI 114.2 21.5 2 3 2 4.11.19
2211191 1UI 195 24 2 22.11.19
2211192 1UI 180 25.9 3 22.11.19
2211193 1UI 105 19.8 1 2 1 1 22.11.19
2211194 1UI 145 23.1 3 3 22.11.19
2211195 1UI 105 26 72 3 6 22.11.19
2511191 1UI 180 24.5 1 25.11.19
2511192 1UI 155 22.5 11 25.11.19
2511193 1UI 175 23 1 2 1 1 25.11.19
2511194 1UI 130 22.2 1 3 25.11.19
2511195 1UI 165 23.2 3 25.11.19
212191 1UI 152.2 23 1 9 2.12.19
212192 1UI 181.2 24.5 1 1 5 2.12.19
212193 1UI 143.3 22 1 2 1 2 2.12.19
212194 1UI 137.4 21.2 2 1 2.12.19
612191 1UI 185.7 23 5 6.12.19
612192 1UI 233.8 26 1 5 6.12.19
612193 1UI 193.4 25.2 2 18 6.12.19
612194 1UI 160.7 23 3 1 6.12.19
612195 1UI 132.8 21.8 2 3 6.12.19
912191 1UI 146.6 23 51 5 1 9.12.19
912192 1UI 160.7 24.5 1 3 3 9.12.19
912193 1UI 177.9 24.5 7 9.12.19
912194 1UI 202.4 26 2 9.12.19
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Table C2: Gut helminth parasites found in Siganus rivulatussampled near the [UI.
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Prevalence of Infected Hosts
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Figure C15: Prevalence of the six gut parasite species examinedSnrivulatus
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Figure C16: Intensity of infection of the six gut parasite species examined B rivulatus
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Bush Index of Importance
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Figure C17: Bush Index for the importance of infection of the six gut parasite species examinedn
rivulatus.
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Grain Size Distribution
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Figure C18: Grain size distribution (weight percent) for soft sedimentat two S|tes at the north beach (NB)
and south beach (SB) of Eilat.
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Figure C19: The number of foraminifera genera identified, and the density of individuals
(number/gram sediment) at two softsediment sites, at the north beach (NB) and south beach (SB)
of Eilat.
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Taxa SB NB
2016 2017 2018 2019 | 2016 2017 2018 2019
Agglutinella compressa + + +
Ammonia spp + + + + + + + +
Amphisorus hemprichii + + + + + + + +
Amphistegina sp. + + + + + + + +
Articulina sp. + + + + + +
Assilina amonoides + + + + + + + +
Bolivina spp +
Borelis schlumbergeri + + + + + + + +
Brizalina sp. + + + + + + +
Challengerella bradyi +
Cibicides spp + + + + +
Clavulina angularis + + +
Cycloforina sp. + + + + + + +
Cymbaloporetta sp + + + +
Discorbinella rhodiensis + + + + +
Elphidium sp. + + + + + +
Epistomoroides punctatus + + + +
Epoindes repandus + +
Fursenkoina sp. A + +
Globofissurella sp +
Hauerina sp. + + + + + + + +
Labrospira jeffreysii + + + +
Lachlanella sp. + + + + +
Lagenammina atlantica + + +
Miliolides sp. + +
Miliolinella sp. + + + + + + + +
Nonion spp + + + + + +
Paratrochammina madeirae +
Peneroplis planatus + + + + + + + +
Planogypsina + + + +
Planorbulinella larvata +
Pseudoaurinella dissidens + +
Pseudocibicides + + + + + + +
Pseudomassilina sp. + + + +
Pseudoschlumbergerina ovata + +
Pseudotriloculina sp. + + + + + + + +
Pyrgo sp. + + +
Quinqueloculina sp. + + + + + + + +
Reusela spp + + + +
Rosalina spp + + + + + + +
Schlumbergerina alveoliniformis +
Siphonaperta agglutinans +
Siphonaperta distorqueata +
Siphonaperta pittensis + + + + + +
Sorites + + + + +
Spirillina sp A +
Spiroculina + + + + + +
Textularia spp + + + + + + +
Triloculina sp. + + + + + + +
Trochulina sp. A + + + + +
Varidentella cf. V. neostriatula + + + +
Vertebralina striata +
1 x , | s X 7 's ,oeow XX { " x . S <x'|s v R YRY X S &

Table C3: Benthic foramvinifera identifiéd at the North and south beach>sites
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NB SB
2015 2016 2017 2018 2019 2015 2016 2017 2018 2019

Amphioxus * * * * *
Amphipoda * * * * * * * * * *
Anomura * * * * * * *
Bivalvia * * * * * * * * * *
Chaetognatha * *
Cnidaria (Actinaria) * * * *
Copepoda * * * * * * * * * *
Crustacea sp *
Cumacea * * * * * * * * * *
Decapoda * * * * * * * *
Echinoidae * *
Echiura * * * * *
Gastropoda * * * * * * * * * *
Holoturioidea * *
Isopoda * * * * * * * *
Mysidae * *
Nematoda * * * * * * * * * *
Nemertea * * * *
Ophiuroidea * * * * * * * * * *
Ostracoda * * * * * * * * * *
Platyhelminthes * *
Polychaeta * * * * * * * * * *
Sipunculidae * * * * * * *
Tanaidacea * * * * * * * * * *
R L L T L U B G B B R R I R SN

X n
.

Table C4: Meiofauna groups identified this year at the North andSouth beach sites(listed alphabeticallil).
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Figure D1: Temperature profiles measuredusing a CTDduring the monthly monitoring cruises. Station A is
on the Israeli/Jordanian/Egyptian border (>700m), and the Fish Farms station is close to the northern shore
of the Gulf at ca. 50 meters depth.
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Figure D2: Changes in water temperature at Station A since 2004. Black dots represent the sampllng depths.
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Figure D3: Changes in water temperature at depth (400m to 700m) at Station A since 20@@ta from the
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Figure D4: Salinity profiles measuredusing a CTDduring the monthly monitoring cruises. Station A is on
the Israeli/Jordanian/Egyptian border (>700m), and the FishFarms station is close to the northern shore of
the Gulf at ca. 50 metergiepth.
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Figure D5: Changes in salinity at Station A since 2004. Black dots represent the sampling depths.
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dots represent the sampling depths.

sl .4 [ bxl . Xxx>x, sq4s Tsx 1] ”'|2~007|- NS
ST L X A STIITFS X bx o | 204Ap7s x7 xjw:sxf.sv,hiv‘mi
R sI-|V S I X . X “ X s { s .L Zx”x,,'|\s Pl
e d T o0 s .4 s 20510 HARDERT xS X Xys ], s s,
U P sA4Lc, .04 ols 4o xx L. xTs 4 x 7
200127 0 L. wx s xxxos T w4 X i,
X

8( ~2003" _* «x _ s xxXx,_ s ] sqs x3q |

124



(v~

Dissolved Oxygen inventory Annual Average DO
5 145
£
= 140
g
£ E 135
- E
130
° E
&8
125
120
<00, 00> <07, <075 <076 <074
Oxygen(upper400m) Oxygen(bottom200m)
88000 45000
86000 5 . o .
. N 40000 S 3
& 84000 ——*—= —s ; -— = ¢ '\wx‘.." N,
£ Nla vt M ST e £ 35000 : = =
= . v P s 1
3 82000 . e o e P = g,v.,::. % Yot
gBOOOO . e 2 . . Fd * 4ot g 1
5 Y ’:”'I'. o o '}’" AR 5 30000
E 78000 oo '.::"'“..' > e E
. IR ¢ 25000
76000 3
.
74000 \ 20000
o San Sa Loy day Jap Lan Lan Loy Lo, day Sap Lan Loy Loy L R S Y N N NV N N NV N N SV SRV
O‘OqO‘OSO‘OSH‘O)/"O@O‘Qg/L Z 0/7~ 7 I'L Z 2/7‘ Z 3/7\ Z q/h %) 5/7~ Z S'L 7 )/L Z ’9/7\ 29 /7‘04/7‘03/?‘%{L0)/7‘0&/7‘09/7‘ Z o/L 7 J’L Z 2/7‘ 7 3/7‘ 14/7‘ Z 5/7‘ Z 6/7‘ 7 )/7‘ Z 8/7\ 9

)

x-|~lx'|

(T4 _4.) rdx

~

-0 0l4 -~

A LS YL s |
S )k 4r AT XS 4 OPOH

xs | X

T

. X sgl %, x A
. v»xj;:sl s(; ,_s:-|
Figure D8: Changes in the dissolved oxygen inventory in the water column at Station A since 2004. Top:
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