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Introduction

This report describes the work and results of the Israel National Monitoring
Program in the Gulf of Agaba (Eilat) - NMP —in 2013. It is divided into chapters
according to habitats and the methods employed by the monitoring program. Each
chapter includes a short description of the methods used, a detailed description of the
results including data and figures, and a discussion of the findings. A comprehensive
description of the methods used is given in the NMP annual scientific report of 2003.
Figures and figure captions in this report are given in English.

This was the tenth year of continuous standard monitoring operations by NMP, in
which data is collected using predetermined standard methods by a dedicated team.
The ability to review such consistently collected data provides increased analytical
power and confidence in our findings, opening the possibility to detect patterns and
trends. A comparison of the present-day state of the reef with historical, pre-
monitoring, data can be found in the NMP annual scientific report of 2004.

In addition, the NMP has added several new measurements and variables since its
initiation, and these are presented in the respective annual reports of their start year.

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

A database that includes data collected by the NMP since 2004 is available for
public download through the NMP website.

Key findings

The coral reefs of Eilat
1. The state of Eilat's coral reefs, as reflected in the various proxies measured by
the monitoring program, has improved this year, supporting the data from
previous years where a gradual trend of improvement was indicated. Below
are several points revealed by the data that are worth noting:
a) Live coral cover at the reefs of Eilat has gradually increased since 2004.
Two years have made particular contribution to this trend, 2007 and this
year, 2013. This is the case for live coral cover and for the cover
normalized according to the available hard substrate at the different
sites.
b) At the shallow IUI sites, in which coral cover and substrate utilization
is lowest these parameters have gradually increased throughout the past
years of monitoring. The three sites at the nature reserve (NR) are still
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d)

f)

9)

h)

)

K)

those with the highest normalized cover.

There is a good correlation between coral cover and colony density at
the reef sites. The correlation improves dramatically when the shallow
nature reserve site (NR-5) is removed from the analysis. The NR-5 site
Is characterized by especially large corals and so has a particularly high
cover and low density. At the other monitored sites correlation has
improved over the years, providing indirect evidence for coral growth.
Over the past nine years of monitoring a decline in the fraction of
"small" colonies has been observed at the monitored sites, and an
increase in that of "medium” colonies out of the four size classes noted.
It seems that the decrease in "small" colonies is driven by diminished
recruitment of corals. However, the availability of small colonies does
not seem a limiting factor for the live coral cover. It remains to be
determined whether this will become a limiting factor or perhaps
reduced recruitment reflects the increase in coral cover and thus is a
side effect of a positive situation.

The Shanon-wiener index for coral diversity at the monitored sites has
remained stable throughout the monitoring years, as has the species
composition for the coral community at Eilat.

This year the sampling effort at two sites, NR-5 and 1UI-15, was nearly
tripled in an attempt to extract the true species richness of these sites.
The increased sampling effort resulted in a 20% greater richness
compared to the previous year. Nevertheless, all species found have
cropped up in previous surveys, and the overall richness at the Eilat
sites remained similar to last year's.

The reef table is treated separately from other reef monitoring sites that
are fore-reef sites, since it has a special and different set of ecological
characteristics. Here too, as in the fore-reef sites, live coral cover and
colony density have increased this year.

2,405 colonies, 2,002 of which are stony coral colonies, were surveyed
this year at the permanent photo-sites. Stony coral density remains
stable in the past ten years of monitoring, similar to the findings of the
line-transect surveys. Reef community composition has also remained
stable throughout this period.

Stony coral area at the permanent photo-sites has also increased this
year, as in the line-transect surveys. The coral cover at the photosites
has increased in the period 2004-2009, has dropped in the interval
2010-2012, and an increase was noted this year. Overall, coral cover at
the photo-sites has approximately doubled since 2004.

The dominant coral Acropora that occupied the greatest area at the
photo-sites in the initial monitoring years have regained this year its
position as the most abundant coral (by cover).

A sharp decrease in coral colony density was recorded at the nature
reserve coral lagoon since 2010, and particularly in the density of the
dominant coral Stylophora pistillata. Since S. pistillata is the most
dominant coral in the lagoon (~35% of coral colonies this year were of
this species) changes in its population size dictate changes in the entire
community of the lagoon. This year a slight increased in coral density
was noted in the lagoon.
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I) Itis possible that the dramatic decline in coral density at the lagoon was
caused by severe southern storms that affected all areas shallower than
~4m in the years 2010-11. This year southern storms were few in
number and weak and the density of S. pistillata increased slightly. The
population of S. pistillata has fluctuated considerably in the past (prior
to the establishment of the NMP) and has been known to recuperate.
The NMP has not yet operated long enough to establish the natural
timescale or amplitude of changes in the S. pistillata population.

2. Sea urchins are the most important invertebrate reef grazers. The urchin
species Diadema setosum is the most abundant sea urchin in Eilat and
outnumbers all other urchins. Only at the lagoon more individuals of other
urchin species (combined) were counted.

3. This year a decrease in sea urchin density was noted, following last year's
sharp increase. These changes in sea urchin density seem to reflect natural
fluctuations of the sea urchin population, or are perhaps coupled with
fluctuating environmental processes.

4. The density of sea feathers is significantly greater than it was in the initial
monitoring years.

5. Chlorophyll-a concentrations on settlement plates, and particularly on
protected settlement plates (“potential growth™), reflect the water column
mixing depth. This year's Chl-a concentrations on settlement plates were lower
than last year, in which water column mixing was markedly deeper.

6. The zooplanktivorous fish are the largest functional fish group among the reef
fish, comprising ~60% of the fish surveyed this year. These are small fish that
comprise large migrating schools and therefore there is a large variance in the
numbers counted on different years. This is an important functional group as it
transfers nutrients up the aquatic food web.

7. The second largest group of reef fish (20%) is the carnivores that curb
populations of invertebrates in the reef. The herbivore fish (grazers) comprise
~5% of the reef fish population and are responsible for curbing benthic algae
growth on the reef. Thus, this group has a significant effect on coral settlement
and recruitment. Grazers also short-cut the food web through direct passage of
energy from primary producers (algae) to fish.

Coastal water

8. The seasonal cycle of mixing of the upper water column is the dominant
process in determining the concentrations of chemical variables measured in
the coastal waters of Eilat. Sea surface temperatures (SST) at the coastal
stations this year spread over a relatively small range, with high winter
temperatures and low summer values. Therefore, this year's mixing was
shallow and low nutrient concentrations and weak phytoplankton blooms were
documented at the monitored coastal stations.

9. As in the previous year, several measurements of irregular nutrient
concentrations were measured during the coastal cruises. These were
especially conspicuous due to the overall low concentrations measured this
year. Particularly, high nutrient concentrations were measured at the
navy/Meridien Hotel station (February and April) and at the northern Fish-
Farm station (April and June).

10. The prevalence of intestinal heteroxenic fish parasites in wild Signus rivulatus
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11.

12.

caught near the IUI has increased in the past three years relative to the
preceding two years. An abundance of heteroxenic parasites indicates healthy
ecosystem as these parasites require several hosts to complete their life cycle.
Thus, their proliferation indicates local availability of healthy ecological
niches. Granulomas associated with the Micobacterium marinum pathogen, a
harmful pathogen that was once common in local wild fish, were not detected
in the wild fish caught this year.

In recent years the NMP supports the monitoring of the benthic community at
the location where the fish farms used to be (at the northern beach of Eilat).
This study is led by Shai Oron and began as her M.Sc. research in 2008 (see
Appendix G4, in the NMP annual scientific report 2010). In the winter of
2012-2013 several flash-flood events transported sediment into the sea,
notably close to the monitoring site. Following these flood events the sea floor
was devoid of sea grass meadows and live benthic foraminifera were not
found. Inshort sediment cores collected some two months after the floods a
horizon of dead foraminiferawas found buried under several centimeters of
thin terrigenous sediments.

In May 2013 sea grass was found to emerge from the thin flood sediments,
and some forasminifera were found on the sea floor, but not on sea grass. In
July 2013, some five months after the flooding events the density and diversity
of live foraminifera in sediment cores was lower than that of the previous year,
and individuals were smaller. There is no doubt that the local benthic
community was severely disturbed by sediment influx from the floods, but
rehabilitation following this natural disturbance is much faster than following
the removal of fish cages from this site.

The deep sea water column

13.

14.

15.

16.

17.

The ecological system of the open waters is modulated by the annual
dynamics of variability in concentrations of nutrients, dissolved oxygen and
phytoplankton population through the seasonal water column mixing cycle.
The inter-annual dynamics are driven by the depth and duration of the
seasonal mixing, and the amount of nutrients stored in the deep waters. This
year's winter mixing was shallow, in contrast to last year's deep mixing. Thus
a new inter-annual cycle has begun.

Concentrations of nutrients in the deep waters decreased following the deep
mixing of 2007-2008. In the years following nutrient concentrations and stock
have increased. In 2012, following deep mixing, nutrient concentrations
decreased and oxygen concentrations increased. This year mixing was
shallow, as expected from the high surface temperatures at the end of 2012,
and nutrient concentrations kept rising throughout the year.

Although mixing of the water column was shallow this year, high chlorophylI-
a concentrations, primary productivity and zooplankton biomass were
measured in the open waters.

Temperature of the deep waters dropped in the years 2007-2008 as a result of
the deep mixing and has risen slightly since then. Despite deep mixing last
year water temperature at depths greater than 500m hardly changed, and this
year deep water temperature continued to rise.

Although nutrient concentrations are rising, nutrient stores in the water
column are still lower than those measured before last year's deep mixing.
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18.

Throughout most of the year nutrient stocks were somewhat lower than those
of the years 2009-2011.

Seasonal variability in phytoplankton in the open water column comprises
dominant cell concentrations of prokaryotic Synechococcus in winter and a
dominance of Prochlorococcus cells in summer and autumn. There are more
pico-eukryotic cells in winter than in summer, a time in which they only
comprise a few percent of the phytoplankton cell count. Nevertheless, when
converted to biomass eukaryotic phytoplankton are dominant throughout most
of the year, except for a few summer months in which Prochlorococcus
comprise ~50% of the total phytoplankton biomass in the water column.

Continuous measurements

19.

20.

21.

22.

This year sea-surface chlorophyll-a concentration measured daily from the
Observatory pier peaked early, in February, and were lower than those of the
previous year — as expected from the shallow mixing this year. Nevertheless,
the Peak chl-a concentration this year was higher than that of most monitored
years, albeit for a short duration.

Sea surface temperatures were mostly higher thanthe multi-annual average,
but not considerably so. The high sea surface temperatures prevented deep
mixing of the water column. The multi-annual trend of rising sea surface
temperatures continues.

Air temperature at the beginning of winter, in January, was only slightly
higher than that of last year, but this was sustained only for a short duration
and therefore did not cause significant cooling of the sea surface and deep
mixing.

General

This year two oil spill eventsfrom ships were recorded. In November oil
spilled from a ship anchored off the northern shore of Eilat. A large oil stain
was identified at sea and for several days oil washed up on the southern
beaches where water quality deteriorated and intertidal invertebrates were
harmed. In December a stain of diesel fuel was identified at sea and was left to
evaporate naturally. The past few years have seen several oil spillages from
ships
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Figure B1: An aerial photo of the northwestern shore of the
gulf, south of Eilat, showing the coral reef sampling sites. The
yellow lines represent sampling sites at the 1UI (1), the Nature
Reserve (2) and the oil terminal (3). Black scale line is 100 m.
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substrate underneath the line-transect to a resolution of 1 cm. Photo: N. Segev.

QORI M0 IR 1772 IR 70 M2V PRIV SDINNCA 2PN W 12w TN 2IXT NN
TP ANPAN TR L,D01NT AWV QOMNIRT NI L,2NOR MW MO OX |, ¥P0m DN 10%) .20
.M2WINT 2713 NIAYONM INR2 QORI NIRDI2D

W MAwINT 7907 NP X1 P -wa , 12 axnwn) Shannon Wiener 772 0% 0211 1an
Colwell, ) EstimateS nion >7° Yy 77917 (17901 (23107 X) 2°°177 N 2"730 TN i (310 W) 7o
>13N3 DX N2 71507 .0°INRAN TR 95 M2y (http://viceroy.eeb.uconn.edu/EstimateS ;2005
29PN WA TV (2°00) ATTA MM MODUW 932 1PN NAIPY N22PY 17TRIW 2o
TIVNAT 7T AW LTVINAT TV DY aYPOWA AR 2°ON0 NO0IN 12 XN TV NN MNINRT T
SDONRT TR 2P

H'= _ZPi -In(P) :12 mxnwn
1

92Y2 PR NPNWIT OIPI0 WANWST 12 TR0 RITW P97 21 Shannon Wiener YW 1mania 711
IDORIW D°11NI7 MV I N°I2IN N30 DPDORIW 2PN P2 ARMWI NIWHRND 7191 (Loya 1972)
D07 TIWY 12 TN N2V 2N MV NPIONY MINTIPT MTIAY 2O1HT 1A LNRT OV T .02v2
(2006 ,n°R P91 W17 NMIRDT N2IONT 1M172 RAM 7P 110T) 1210 INRT NI XY ,INK 902
16.0 SPSS -1 (1998 ,SPSS inc) Systat v9 MiI2Ina NMYEARA WY1 "0 000 MNIa

ANOVA 1121 D71y 7nwyl nououon mpnant nna .(http://www.spss.com/statistics)
N MTAR DY 7AW 79¥R7190370 172V 21N NRY 260 Awv: TNET nTna

DR NN NI 27T YRIAA2 NI 0T DY TTAI0 TV 20 S0 9101 990 PRRTI9010n
On7In7 2°INIT TON QY AT TAD DY R°T DANTAN NOWO 00 NIRRT

Y21 P07 AT DR P00 702 LMK I NINWA NI W P01 82 DWW w1
SW 2X¥12 S1XNT VADI NONWT AW 207,20 TP 201N IR? LN W YW imvwnn

2 NAINIRLA 7N YW annpa Mot 1 L (Loya, 2004 Hwn? RD) 2UNnRT 2wya MaTITa
W WA 077 DPNXR DPRHPR VIR IR (N7 ) 1PYY NIWORAT N7 110N 0T
NATPY DONW W 192 0°712°37 2°97200 DWA NRT QY 770 .PIW NATR INRKD N NOIwn
7991 PI9-NN NPT WY WP (2007 ,0PK Y51 W12 NPIRDA N210N7 1M7 IRD) W
™7

DONR TIXN AR XOXLIPNT DROAY DR DOAX7 AR NP

18



:MIRXIN

DO *10°D

REMI NP2 747 222K 0% (32 T1KR) DOINRT P2 TR 7I0WR 0207 DOAAIRT 1%
W TIYY D°AMORT M10°02 NHONI A0Y w1l 72 ,(5-NR) 2o0noRT nnwa A170 nwa
,ATINWA RIT AR R¥NI N2 977 70977 .(51.9% oW "10°07 AR 700 DnTIpa mawa) mawn 54.9%
(7P mawa 10.9%) 12.2% 5w 77w% ow o3 0037 79y mawn ,(10-NR) own 10 pniva
01w ,NATIPT MWD IRNWAA 10702 7°°0Y 7AW AT77R1 2P0 2ONKRT AN TN w2
0°°1¥7 2191 °I0P 223w 1°2 097200 0ONKRT 2172 .37 a7 a7a (1U1-15-1 Katza-20)
NR-20 2nx21 3217 qwna nomyvawn 79v n7721 NR-5 9nX2 072I% ,m00wn W axeaws miva
TINR2 NOWHNM NPNAITA P28 N9DXI "NPOR NP2 9577 702 .°10°02 AT A00Y mIwn 3770)
MTIN JW° 22INRT P2 2w 1A AR OV .(F0nY ,32 7R) 2007 187 1527 JART PANOR 0%
-2 DWW M9 RIT MINIAKRT 2w WY 0°IP03T DOINRT 232 YXNANT W %P 370 1008 W
(R?=0.90) mwa o»ni o moxa M10°22 0.75%

VA9, PNWST 2NN TTAT NOVALT MNWIA PPV NI DONADRT M0 NI NN
NS ,0ONRT 192 2227200 0N DW RN ¥OIND DMNT W 2% XTI V¥ 02 200K
D°9173 ©°9727 DIW° 1IP0IW D°INRT P2 .2ITAT N2 DY AW 270X DR POV DODpwn ,NNT
DI TIRT DMK M%7 'A% TIWW IROMYL(22 7920) 07 1R ANPR DY M0 nowa
W MW Q7PN D70 INK AR 2XN7T NR APWH WRW 1501 17272 17770 IR oW1 750
NR-) 47%-5 (IUI-5) 22% 12 mawa 91 (PrIgn 2 1 2w 219°w) 17wD INR 2°3n9RT M0
IMIP>T NP2 D ,INRA DOANRRA TN W R Nand By haxn max maw a7pn (10
VXM 7w YW (precision)

WY1 PR 00X w2 L 15-1UT -1 5-NR 200K 2102 77702 2173 D107 YRR: Wyl 7w
TN NRT QY T L(AA? IRT) 221HT AR W NIWT MIPT IR 1n2% vna ovonn 30 mwn
MDY IR DW WA TTAN 2w AT 0921 ,0°0R D°V0°WYD SW aMIPMT DR 03 N2 NI
WY NATIPA MW .20-25%-2 AYe TR0 MIPPT AWK PO DT 2117 LJART MINOK
TMRD PODI 9K DOINRA DT T2 ,TIW ONN1 00 Y L(Ankna2) 2°onn 1141 12 79K 0002
13.4% 5w »10°21,5-NR nK2 (18.5% 5w nap>>12) 52.4% 5w *10°0 2apnn o0 ovann 12
W MD°3 19R 0°INR2 12PN 0200 30 5w 2T nR? L15-1U1 nRa (27.6% Hw niapTa)
RN (15.0% map»>712) 15.9% -1 (10.4% nap»12) 54.9%

19



70 -

Stony Coral Cover

Katza 10 Katza 20

NR5 NR10 NR20 IUI5 U110  IUI15
2004 W 2005 W 2006 m2007 W2008 W 2009 M 20102011 2012M 2013
Stony Coral Cover
U5 IUI_10 IUI_15 "Eilat"
T A A I B AL T T T T T T T T T
44.5[
2007 1 i 1 o\'_0'26 _
135} 1 — 1 - 5
O 22 7
— Katza_10 Katza_20 C_E
=, Sl ‘
— 5 18
[
>
O 290 ) i
3™ s I e A
s - IR et
© Year
NR_5 NR_10 NR_20
44.5[ M 1 - 1
200 1 - W 1
1351 7 "H—P—M | I 1

..........

2OTITR2 ,INN 922 (2927 2I3IMOR D210 KY) 2997 12K SARDR D pRmanT Mo nuw -abeeh 32 N
2977 2OARDRIT M0I02 2 KR nvwovvue mpramt ANOVA jran mIRSIn -monb muwst Yhon
two way ) 29 nRY 291w P92 IRPRIVIRT 23 21,2972 20w P2 25997277 .2004-2013 avaws
37 2V I2IN ININ2 UNWT 2NRT 9o R v meew,(ANOVA, P<0.001
Figure B3: Top- average live coral cover (excluding soft corals) at each site (percent of
total area). Bottom- ANOVA results (least square means) for live coral cover in the
years 2004-2013. Differences between years are significant, as is the interaction between
years and sites (two-way ANOVA, P<0.001) meaning different sites changed differently

over the years.
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Figure B4: Cumulative percent cover of live corals, sand, rock and dead corals. In sites
where cover does not add up to 100% the balance comprises algae and invertebrates
such as sea anemones, clams or sponges. The presented percent cover is an average on
all transects at each site.
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Figure B5: Percent live stony coral coverage versus unconsolidated (sandy) sea floor in
the sites examined.

Dn717 WO ,D0AAYRT NAYXAY OOYAT ,0ONRT 192 07901 0°9727 IR Ty M0I? NIk oY
(62 77R) DMK MAWNT? TORNNT NT9NT YPIRT TINKD M10°07 NNX DR

SW DTINRT 01201 O17 *10°377 TR 192 O°2 2WINN DONPR MW N2 DORNHT VXN 2180
2O NTOY9M YPIR RIT DOAMYR MAWNIY DORNNT YINIW 70302 ,°00 10°9) NTRN Yppn
iliasalv)ifiapl7aclaibYlabley

TINIT RIT MW DORNAT YXNT 2RI 12 INRT R L7700 772907 0K, 1UL-5 R
D°IWT WY RN Y¥nT 1% 1Y (IUI-15-1 [UI-10) 200117 772vn0 "0K *1wa .02

21



(7HYR% 62 1K) RRYP SINR2 YENT 9IR019 ,007712 DMINRD 09011 ,0

M7 7IWH O MNNRA

T 1T 720 DORNNAT YT DI T, TN IV IR 1 av a9 UL Nk ovanRia 107

793 MwwIRna) 32.2% ,1U1-5 9nR2 7771 73wn 02 70l onann

"0 .Katza *nx HYw

T 19Y) 67.8% ,NR-5 20X X1 012 maxm L,(26.7% ,namipa Jawn YW 70090 nRb
(61.1% nnmpna nawn Ny’
TVIN WK 3T P IDIRD 7123 NOR INRA QAR 1T Pt vean 1x01 2007 1R

.(An% 62 71°R) NHO LY 77T MW ,2004-2006 ,mnw

R 0017 MY vvwa

IR ANV MR NV DY TYAD DT TIWA 0T PR TIWD FIwn MTIAN MNP DWW Nana
TWYA 22037 NNV OV .02IW 1907 21D O¥ NOWHNM T1O DONRTA P22 0D IR NRT AR 7Y
N7 IDIRD DNWA AR P2INT ,29X NNW PINKR 2172 J2ART TANOR M0 0D AR MIINRT D2IWN

80 - .
Normalized Coral Cover
70 - T
60 - 1 -li'
50
% 40
30
20
10
0
Katza1l0 Katza20 NR5 NR10 NR20 IUI'5 U110 IUI'15
2004 m 2005 ® 2006 m2007 2008 = 2009 M 2010 = 201172012 = 2013
Substrate Utilization by Corals
IUI_5 IUI_10 IUI_15 "Eilat"
""""""""""""""" 9 T T T T T T T T T
57 : - ; s ] 5
4 L 4 L J 8 51 — -
39 1 W r 1 O
—_ 2 M s {1t | S -
X b b s S
S Katza_10 Katza_20 D 41F 7
= — — N
8 57 I | [ ] <
g Al Pl 2 ‘
o 39
= : I ] S R I R NI W A
21 N
g A 1 PIOANDSSRSRINDSH NGO
© Year
S NR_5 NR_10 NR_20
o nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
Z L 4
- W I W W
39 1 I b r
21
SELLY ST FESSS

TS TN 2V JAR XRIR DR NDIDT TN -ToURY (2vIRDR MR 2ORNAT YRR 9IN0T 162 IR

=TURD . DOIRDR S0 DINADRY FTIMIT YRR D TV 292 TR TN

DR D22 noyben Yrapn

22



IR DOMADR 7Y DY PRTT DR DIRNE 2 D nrwovwns mpraet ANOVA jman nIRSIn
two way ) nprraIn 29NKRD 2% PR TIPRIVIRT 2Op7 2%t P2 299727 .2004-2013
AT 2V PR IDIND M NIRAR INTT 2% 2vnRw sy (ANOVA, P=0.012
Figure B6: Utilization of available substrate by stony corals. Top- Percent of live stony
coral coverage out of the total consolidated substrate at each site. This indicates how
much of the potentially viable substrate is actually covered by live corals. Bottom-
ANOVA results (least square means) for substrate utilization by corals in the years
2004-2013. changes over time are significant and the interaction between years and sites
is significant (two way ANOVA, P=0.012) meaning sites differ significantly in the way
they change over time.
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Figure B7: Top - The average number of coral colonies per ten meters line at each site.
Bottom i normalized according to the hard substrate that is available for coral
settlement.
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Figure B8: The average density of coral colonies in the years 2004-2013. Annual values
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Figure B9: Top - The average density of coral colonies versus the percent coral cover
per site. Bottom - The density of coral colonies versus coral cover, normalized by the
consolidated substrate available for settlement at each site.
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Table B2: Summary of cover data collected in line transects at the monitoring sites. Data
iS given as average percent cover measured in all transects at each site (combination of
location and depth) with associated standard deviation, standard error and variance
coefficient, except for the "Eilat average' that is the average between sites. Density is
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Figure B10: Size frequency distribution of coral colonies in the surveyed sites. Size
classes are: Small<5 cm; 5 cm <Medium< 15 cm; 15 cm <Large< 30 cm; Huge>30 cm.
Values are percent of the total colonies of each coral type at each site.
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Figure B12: The Live Tissue Index (LTI) for corals in the surveyed sites. The LTI is the
site average of the percent area of live/healthy coral tissue for each living colony.
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Figure B13: Changes in the state of coral colonies over time according to the average
percentage of living coral tissue (LTI) from all sites over the period 2004-2013.
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Figure B14: The Shanon-Wiener diversity index of coral taxa estimated for each site by
the EstimateS software (Colwell, 2005 ;http://viceroy.eeb.uconn.edu/EstimateS). Top-
changes in the diversity index at every site; bottom- changes to the ""Eilat™ average
Shannon-Wiener diversity.
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Figure B15: Rarefaction curves of taxa richness based on colony counts, calculated with
the EstimateS software (Colwell, 2005 ;http://viceroy.eeb.uconn.edu/EstimateS). Top-
curves for each monitored site in the year 2013; bottom- curves for "Eilat reefs™ since
2004.
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Figure B16: Changes in the expected number of taxa per 1500 random coral colonies
since 2004 based on the rarefaction curves of the ""Eilat reefs".
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Figure B17: The twenty most abundant coral taxa in the reefs of Eilat in the years 2004-
2013, arranged according to their abundance in 2013.

JNR 922 079w M09 TR DRI 00T MHW3A 2OXIDIT ANIRT A0 DMWY DR A0%n 32 7920
TNW IRI DOAAIRT NYDIT TT0 DY TTAIT LW TON M0 TR W P10 Py 11 77202

172 91K HWw %1907 9732 WRA

Averages Average
Katza Katza
10 20 NR5 NR10 NR20 IUI5 1UI10 IUI15 | Katza NR 19] Eilat

Acropora 7.28 437 470 3.00 11.42 2.00 321 3.03 6.15 5.54 2.86 4.88
Stylophora 0.98 1.10 20.18 0.09 0.25 0.00 0.07 0.05 1.03 10.17 0.04 2.84
Lobophyllia 3.69 3.39 3.48 1.26 2.18 2.97 258 2.64 3.58 2.56 2.69 2.77
Montipora 1.71 2.23 9.87 0.43 3.86 0.07 066 041 1.91 5.84 0.40 2.40
Echinopora 2.40 3.05 1.38 0.52 6.77 0.25 0.71 0.89 2.65 220 071 2.00
Goniastrea 1.52 0.73 5.55 0.47 1.38 1.57 029 021 1.21 3.19 0.52 1.46
Favites 1.71 0.59 0.95 034 222 0.94 129 0.90 1.28 1.02 1.01 112
Cyphastra 0.87 1.83 0.58 0.47 211 1.16 0.80 0.67 124 085 081 1.06
Porites 0.76 1.24 0.59 0.83 2.70 0.08 0.54 1.34 0.95 1.08 0.87 1.01
Favia 112 0.83 0.47 0.76 0.70 2.18 150 0.33 1.01 0.60 1.02 0.99
Pocillopora 0.71 1.82 0.25 0.07 0.75 0.13 0.09 0.23 1.14 029 0.18 0.51
Astreopora 0.45 0.11 0.25 0.34 0.13 0.63 134 0.64 0.32 025 0381 0.49
Mycedium 0.66 0.83 0.37 0.12 0.29 0.75 0.38 0.40 0.73 0.28 047 0.48
Leptastrea 0.57 0.33 0.49 0.50 0.55 0.77 0.44 0.15 0.47 050 0.36 0.47
Plesiastrea 0.51 0.87 0.42 0.27 1.25 0.04 005 0.17 0.65 054 011 0.45
Platygyra 0.08 0.03 0.44 0.07 0.06 144 034 047 0.06 0.26 0.64 0.37
Pavona 0.41 0.64 042 0.55 0.29 0.44 0.04 0.02 0.50 043 011 0.35
Psammocora  0.13 0.06 2.46 0.06 0.06 0.00 0.04 0.00 0.10 126 0.01 0.35
Galaxea 0.41 0.35 0.07 0.43 0.34 0.08 0.24 0.24 0.38 023 0.21 0.27
Seriatopora 0.00 0.15 0.00 0.17 0.00 0.06 0.16 1.49 0.06 0.05 0.85 0.25
| Stony Corals 2777 2878 5495 1219 38.78 16.93 15.72 1596 | 28.16 38.89 16.11 26.39

b2 aTPw YXIMART MOO37 TINNY ,MWIT AW (31993 NN 959) 23037 2vRhRA 2wy (32 92w
SMWSIT SINRD TR
Table B3: The twenty most abundant corals (% cover) in the monitored area and their

average cover in each site as a percent of the total transect length at each site.
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Figure B18: Cumulative percent cover of live corals, sand, rock and dead corals. Values
are averages of line transect values.
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Figure B19: Percent cover of live corals and density of coral colonies on the reef table
since 2007.

(Colwell, 2005) EstimateS nion >7° 2y 719w 95 Shanon-Wiener 77 0% 0217
2°0PY W 771727 NPY (202 7R ,2.71) nTIpa mawD aRNwna TN 7w ,2.58 mwn i
IRI1 2w 932 .(Aun? ,202 1K) 2007 NIw DW anIpyR 9mITY ,0Yn 011 JIwn W WA
NOIWA DNTR SINRA YXIAT TIWAR TN ,0W D01 W PV NI WA T TR 00
I IAWA TN ONROPT DOTART QORINT 2PV L,TI0X T 372 L(APYNn7 RD)

DOIWA DRTR OINR 02 42 Nty AR AnhR Hw o310 20 7Iwn WER DO w2
NN N2 DOXIDIT DOINT DIWY TAID D°AXM TIWA NONW WA DOXIDIT AR ANOR WY
DIw° IR L(20 TN 12) 917937 °N2 S1wa 2281 DUXIDIT 2PANPRT 21 .42 19202 W DR
"7 on? wR Stylophora-1 Acropora o°x103;7 223n7K:7 %3 19°X7 "MIR1 092 .0°2WN 22727
DY AN W T PN N SWORWM CIWn 212 DORENI NONW DT 20K N2 207
QNI DT MINE? DOmAT DOAADR 7K NRT QY 77 .PIW 0211 77K 0°302 Y0
JINRTA TYOIN IND IS ORI N2 KROW 72 ,0°IW P2 TRD 7INwn

36



Reef Table Estimated Diversity
2.8 -

2.6

1

2007 2008 2009 2010 2011 2012 2013

Shanon-Wiener Diversity Index

Rarefaction Curves, Reef Table

30
25
©
E 20 a— 2008
> 15 2009
2
E 10 1 —2010
= — 2011
5
— 2012
0 2013

0 50 100 150 200 250 300
Number of Individuals

DNIW IR MO IR 12K MMRhR Yw 2vnr ek Shanon-Wiener 772 — mhynb 1202 R
2007 TR2 DOINT TN 2OXRPRIT SN0 158nY 71028 npy — unk (2007
Figure B20: Top i Shanon-Wienr diversity of stony corals in the years since 2007,
bottom 1 rarefaction furves for coral genus diversity on the reef table since 2007
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Rank Reef Front Reef Table
1 Acropora Platygyra
2 Stylophora Acropora
3 Montipora Stylophora
4 Echinopora Millepora
5 Lobophyllia | Hydnophora
6 Favia Favia
7 Goniastrea Echinopora
8 Cyphastrea Favites
9 Favites Porites
10 Porites Pocillopora
11 Pocillopora | Acanthastrea
12 Plesiastrea | Cyphastrea
13 Leptastrea Leptoseris
14 Millepora Goniastrea
15 Pavona Lobophyilia
16 | Psammocora | Montipora
17 Platygyra Agariciella
18 Gyrosmilia Seriatopora
19 Astreopora Leptastrea
20 Turbinaria Pavona

JOIWIT IRMRY NOIWST NRTR VAR (MDD IR DY) 2IRIDIT 1ANT NNDN 2wy 42 han
Table B4: The twenty most abundant stony corals (by cover percentage) at the reef table

and the reef front sites.
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Figure B21: Top- correlation between stony coral cover and colony density in all the line
transects surveyed in 2013. Middle- correlation between stony coral cover and colony
density in line transects at the Eilat reefs excluding the NR-5 site. Bottom- correlation
between stony coral cover and colony density at the monitoring sites excluding NR-5,
normalized for consolidated substrate.
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Figure B22: Top- gradual drop in the number and fraction of small coral colonies at the
Eilat reefs. Middle- change in the dominant size class of coral colonies in Eilat from
"'small™ during 2005-9 to ""medium"* sunce 2009. Bottom- coral colony density has not
changed significantly over the past ten years.
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Figure B23: Sites of the photo-survey of coral reefs along the Eilat coastline
(green markers).
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Figure B24: A set of photographs from one of the photo-survey sites in the
nature reserve reef (2004 top, 2005 bottom). Among the observed changes
are partial mortality of the massive coral Platygyral (top center), and
growth of two colonies of the branching coral Acroporal and 2, (center and
top right respectively). In addition, a few colonies are missing from the
bottom picture (2005), and some are new settlers that appear only in 2005.
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Figure B25 : Eight years of documentation at permanent photo site Nature Reserve,
point A, looking west.
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All colonies captured in the permanent photosites

Site No. of Branching stony Non-branching stony | All colonies (stony, soft
Pictures corals corals and others)
No. of Area No. of Area No. of Area
colonies colonies colonies

NB 8 11 638 109 8,607 131 11,321
Dekel 19 38 4,765 163 27,193 239 37,230
Katzaa 24 129 8,343 326 17,242 521 29,975

NR 28 134 14,469 371 24,257 639 49,585

Ul 20 70 4,124 389 10,323 523 15,082
Taba 18 31 6,000 231 17,553 352 27,013
Total 117 413 38,340 1,589 105,175| 2,405 170,207

Colonies captured in full and co

nsidered for "growth" calculations

Site No. of Branching stony Non-branching stony | All colonies (stony, soft
Pictures corals corals and others)
No. of Area No. of Area No. of Area
colonies colonies colonies
NB 8 6 122 71 4,305 85 5,574
Dekel 19 13 1,724 78 6,189 117 9,079
Katzaa 24 79 3,854 208 5,155 320 10,430
NR 28 81 5,798 224 12,503 376 21,786
Ul 20 38 1,704 282 6,873 365 8,976
Taba 18 18 3,646 130 6,530 191 11,230
Total 117 235 16,848 993 41,555 1,454 67,075
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Table B5: Summary of the areas and number of corals surveyed in the 2013 photo-

survey session. The fiareaodo of-pieelsAmadsany is its
given in pixels to allow for inter-annual comparisons and to avoid inaccuracies of
calibration to fireal o surface area.
colonies considered in Agrowtho cal

the d
ons.
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Figure B26: Top i Changes to the stony average number of stony coral per picture
recorded in the permanent phot-sites since 2004. Bottom i the changes in stony coral
number per measuring unit in the line-transect survey (red) and the permanent photo-
site survey (blue).
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Figure B27: Distribution of the main taxa groups comprising reefs at the permanent
photo-sites in 2013, according to the relative (percent) area which they occupy.
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Figure B28: Colony recruitment and death for all corals (top) and for stony corals only
(bottom) at the photo-survey sites in 2013. To allow a comparison between sites the data
are presented as percent of the total number of colonies at each site.
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700 Stony Coral Area in "Eilat"

600 -

S (&)

o o

o o
1 1

w

o

o
1

kpixel/photo

0 T T T T T T T T T ]
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

NI - unY 2004 N3 TR INR D2 7N YRTART JART IMYN URa 2w - Tepnb 1292 98
2ORDIRRT 2OINNT 70 DY ,2004 TRR L' RPN NI 3D YRwan JaRT RN nuw
Figure B29: Top - changes to the average area of stony corals per picture at the
permanent photo-sites since 2004. Bottom - changes in the average stony coral area per
picture in the ""Eilat Reefs', measured since 2004 in the permanent photo-sites.
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Figure B30: The twenty most abundant corals (by area) in the 2004-2013 photo-surveys.
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Figure B31: The sampling design in the lagoon. 1 m? quadrates (red circles) were placed
5 m apart along a measuring tape laid cross shore, 9 m from the "'shore line" to the reef
table. Each cross shore line included 5 or 6 quadrates (though in this figure only 4 are
depicted). 17 cross-shore lines were evenly spread to cover the lagoon area (totaling 101
guadrates).
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Figure B32: The average density (colonies/square meter) of the coral genera found in the
lagoon in 2004 - 2013. Top: the dominant coral taxa, bottom- year to year changes are
statistically significant (ANOVA).
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Figure B33: Relative abundance (by colony number) of the 10 most abundant coral
genera in the lagoon (these total 95%b).

Species N Relative abundance (%) N/m?
Stylophora | 64 34.59 0.63
Millepora 43 23.24 0.43
Favia 32 17.30 0.32
Rhytisma 18 9.73 0.18
Alveopora 4 2.16 0.04
Favites 4 2.16 0.04
Acropora 3 1.62 0.03
Sarcophyton | 3 1.62 0.03
Goniastrea 2 1.08 0.02
Xenia 2 1.08 0.02
Cladiella 1 0.54 0.01
Cyphastrea 1 0.54 0.01
Echinophyllia | 1 0.54 0.01
Echinopora 1 0.54 0.01
Leptasera 1 0.54 0.01
Pavona 1 0.54 0.01
Platygyra 1 0.54 0.01
Porites 1 0.54 0.01
Psammocora | 1 0.54 0.01
Seriatopora 1 0.54 0.01

5310 Hw (3127 Tunh Mawn A50R) NYRXIART INIDODRY NIOAST INXIDN NIRRT D0 162 b
ST INZRIW DINRIRT
Table B6: The number of colonies, relative abundance and average density (colonies
per square meter) of the coral taxa found in the lagoon.
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Figure B34: Changes in coral diversity in the lagoon since 2004, according to the
Shanon-Wiener index, estimated using the EstimateS software.
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Figure B35: Belt-transect survey of motile invertebrates: a diver holding a T-shaped
stick passes along a measuring measuring tape counting the individuals found under the
cross-arm. This makes a sampling unit whose length is defined by the measuring tape
and whose width by the 1 meter long cross-arm. Photo: Tomer Shaulov
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Diadema 0.71 141 0.285 57 0.59 235 0.1625 65 0.35 139
Other Urchins 0.25 50 0.09 18 0.44 176 0.09 36 0.45 181
Total Urchins 0.96 191 0.375 75 1.03 411 0.2525 101 0.80 320
Starfish 0.03 6 0.01 2 0.00 1 0.01 4 0.00 1
Feather star 0.83 166 0.99 198 0.87 349 0.57 228 0.01 5
Sea Cucumber 0.06 11 0.05 10 0.12 49 0.0725 29 0.04 17
M? surveyed 200 200 400 400
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Table B7: Total abundance and average density (number per 1m?) of mobile
invertebrates at the monitored sites.
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Figure B37: The average density (individuals per m?) of Diadema setosur(top) other
urchins (middle) and all sea urchins (bottom) at the sampling sites.

58



IRNWIA 7777 7AW 2°INRT 72 PN 0 OR L7IWT 03 7723 701 0% MPXaN Movox

NIWA ANPaWwR NPMIYRWA 72173 °7 M2 NP0 9277 702 .(APYn? 382 1K) nnmipa maw®
NMW NONWT NATR SINKRI MDPOXA 3777 MW AN %7 2119977 D101 .MNWRIT I
0° MPXaM PRI VYN 7322 .(Fun? 382 1K) N 772V TINRA 39 9P, A00KR QN

52 2% DY W .NINTIP DPIWD ARNWA M3 1TV L,V 3770 AR DY ,07 21199972 N10IYIINY
.0°UN77 DY MOPWA [I972 K2 MAWIIT MTINT 19 937,787 730p 9952 0° "11999n Mooy

izz | Feather Stars - average density = 2004
1:40 W 2005
120 W 2006

| 2007

g m 2008
Z. 0.80 = 2009
0.60 = 2010
0.40 w2011
0.20 2012
0.00 ————— m2013

NR 5 NR 10 IUI'5 Ul 10 Lagoon

17 SeaCucumbers - average density o 2004
0.12 W 2005
0.10 M 2006

— 008 w2007
g 2008
= 006 m 2009
0.04 w2010
w2011

0.02 2012
0.00 12013

NR 5 NR 10 IUI'5 Ul 10 Lagoon

LMW DR (FTURD) 20 o3y (hrnb) 20 mvzan Yw (1''RY 25unD) Ny Mo 1382 1N

Figure B38: The average density (per m?) of feather-stars (top) and Sea Cucumbers
(bottom) at the sampling sites.
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Figure B39: A) Algae settlement plates. Two plates in the array are exposed to grazing
by herbivores, and two are protected by a wire cage. Photo: Nitzan Segev (B) Every
month divers replace the two settlement plates that have been in the sea for two months.
Photo: Ruti Reef.
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Figure B40: Mixing depth versus potential benthic algae growth on the reef slopes
across the 1UL.
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Figure B41: Average chlorophyll a on exposed (diamonds) and caged (squares)
settlement plates since 2004. Each point represents one month (calculated as an average
of three plates submerged in the sea for two months).
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Figure B42: Average chlorophyll a during the months April-May on exposed and caged
settlement plates since 1997. Each point is an average of three plates submerged in the
sea for two months.
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Figure B43: Average chlorophyll a on exposed (diamonds) and caged (squares)
settlement plates at the Nature Reserve since 2007. Each point represents one month
(calculated as an average of three plates submerged in the sea for two months). Top 1
the lagoon, middle i at 5 meters depth, bottom 1 at 20 meters.
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Figure B44: Distribution of reef fish according to trophic level since 2007.
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Taxa Dweller* Tropic level* Occurrence
Blenniidae/Gobiidae C 36
Pomacentridae
Amphiprion bicinctus 4 17
Chromis dimidiata V4 63
Chromis viridis o A 551
Dascyllus aruanus < z 19
Dascyllus marginatus S 4 81
Neopomacentrus miryae © 4 1077
Pomacentrus sulfureus A 1
Pomacentrus trichourus (0] 116
Other Pomacentridae Z 5
Pseudochromidae C 91
Acanthuridae
Ctenochaetus striatus/Acanthurus nigrofuscus H 16
Zebrasoma sp. H 18
Other Acanthuridae H 5
Balistidae C 26
Caesionidae V4 266
Chaetodontidae
Heniochus sp. CcoO 1
Other Chaetodontidae CcoO 59
Labridae
Bodianus anthioides C 5
Cheilinus lunulatus C 3
Gomphosuse caeruleus o C 8
Labroides dimidiatus ;';) C 7
Thalassoma sp. Q C 45
Other Labridae © C 26
Lethrinidae C 1
Mullidae C 61
Ostraciidae C 1
Pomacanthidae C 2
Serranidae
Pseudanthias squamipinnis Z 600
Variola louti P 11
Other Serranidae C 47
Scaridae H 37
Scorpaenidae C 19
Siganidae H 5
Tetraodonitidae/Diodonitidae H 1
others 52
Total 3379
* Cryptic - close to/hides within coral/rock

Pelagic - away from coral/rock

*%

(0]

NTOIQO

Carnivorous
Coralivorous
Herbivorous
Omnivorous
Piscivorous
Zooplanktivorous

SIADR I NI DW MINTT PP 20T NS (82 nhaw

Table B8: Fish abundance of at the southern part of the Coral Beach Nature

Reserve.

67



n'sinn N2'aon 1Ivt .a

NI Naapa 2% 9 L1

T
NIIPR IR NI T I N2P2 207 12 0T ,070R 0,071 D 0YANWA MK ApYn
JP1WA NNaMA VIR0 2wYa o

mow

MINN Yawa muws an MRHAT DY 2171921 021 03000 YW M7 MY WIND N
n22v271, 13 792202, 13 71°R2 VOAW 53 MIND O° NN YDA 2w HRIW T INT TNRD
MIRNNT DA AW MAPRI A9°X0 A7 727712 .9P120 NIYW1 77°00 AWVl DI .M2YOn
n1a 5w vk 5 1912 P01 PIapa MYRARD LT7AVR MTT N8 D 1-0 Sw pwn o
PRIV %5Y 0777 M°IY NTAKRN N0 DIN-T2 MYXARA LW 1 NI 17721 ,7012 .GOFLO
TWR PRI OWIN ¥I2P 0P NPV 1292 AYIAN 30T A0 DT 12 A7 TR L, (secchi) opo
SXM VWD W AT P92 NMINATI NAANT 93 .02 1Prant 100l ’Y 17 N2vn

MR NN MTTAT TNXD 200 2P DT NAYON AN oY TN

ST YA TPN0 NOXPRO XY 9PN DLW YAPI 18AMT 11297 (DRI 18T
1572 NapxS,03 oy mvwa KI+NaOH -1 MnSQO4 2°01aR>0 21w o017 "y MvaIpn MndaT
,Metrohm n1an 5w Titrino 702 SM 2107 >LAIR MYV MYIARA NYXIND 7237007 .0.1N
o

71 pHC2401-7 ox7 (combined pH electrode) n°>121 pH n7MwRoR narva a77n :pH
TMvIDRYa 771 pH 27y .Radiometer Copenhagen n1an v amaw PHM 93 ax7 pH
.25°C Hw nvap

173 ,RBR n12an 5w Micro-Salinometer MS-310e ox7n mineon a2 a7 :nimon
07300 DW D AR°ATI MO0 PW RN TN NI AR DY NoDan 37070

QuikChem 8000 flow injection 2°won2a 2>77121 NO2, NO3, Si(OH)4, PO, 2201701
Y2X n2wn 5y nooan a7 man 2" ,Lachat Instruments, Milwaukee nnan Hw analyzer
TINT DITN 23 TR PV YA 0PYOMIP NTPXOD 17 ST VIART QY DI TR 7D WNPW
LW DWW 0MILIDLRO0 VIPIT L ARIIN

MY MY¥nRA nyxannt 0.05N 112°92 HCI oy Gran noxnwsy o'y nvapl :nrropoR
o7aw ,DG111ax7 (combined pH electrode) n°>1o1 pH n7nwpoR1 DLE7 0377 sumIk
v ,Mettler Toledo nnam 5w

702 90% 10X %N 0202 0 .GF/F 20n 001970 17 0033107 2O (2201190
Chlorophyll-a and ) P oM 20117957 11577 %07 02 .Mvw 24-5 (4°C 71pna)
,Turner Designs n1an 5w 10-AU Fluorometer ax7a “ummxi»o2 7721 (Pheophytin
.IN 12°72 HCI oy %17 n¥nansg 9nRY 7721 PO0IRDT 1127 2" 7R 7010000

Hoefer n1an 5w DyNA QuantTM 2000 2um1miRi12 Mvynka N7771 710K (00K
.Myw 3 qwn? orthophthaldialdehyde %°oni ¥ax 01k NHOINA TN MRANTT NIATT IR

68



A1 PR qIn Ml

Eqypt

NNy 'm /
NE o'%n n R

vy nyn

Israel

Jardan

JDPOR P8R ST 2307 Nann non i1 AR
Figure C1: Map of the coastal-water monitoring stations in the territorial waters of
Israel in the Gulf of Eilat.
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Table C1: Locations of the coastal-water monitoring stations.
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Figure C2: Monthly pH values at all coastal water monitoring stations since October
2006.
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Figure C4: Monthly concentrations of total oxidized nitrogen (TON) at the coastal water
sampling stations since 2004.
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Figure C5: Monthly concentrations of ammonia (NH,) at the coastal water sampling

stations since 2004.

(PO4) voom

0°M23 0°27Y PW WD NPNIW NN DR TN %21 NIOITT NN ¥ODI1 MMM
2193 M27 POR2 12 9Y1,PNIWRY NIIYY 21w 10 KT O3 ¥O0IDT .YOR2 023N 47N NPon?
PRI M QY MOW M 21273 2PY T2 1D 02 AT010IDT PN 720X 2pY Tl %0
2V Y°2X¥7% DMWY N1DINT MIMNA 371 1IN 2°7123 21MIPR VIHDID NI .2V DVWY
.0°0IOIIL NIPA TV

M3 1907 191 MINNT 32 2127377 "WTIN2 2>T123 VOO °T13°7 XN NATIPI MWW MR
N2 279X WA WX M3 (63 1K) 973 7172 03111 VOO T3 VI AW ,MNTA
237 112°77 .(75Y7R7 IRT) NPIDPORT NMITTNA O3 RN D — IROTIN/D°T DM M0 A
TTR1 MWK 27 TN DX KT AT 7w .0.104 pmol/l —119%7 ;2 99832 7711 02
0°2 >3 ,77 77V X2 0.056 pmol/l ,minon 202 22710 115710 M2 22 — NPTIPR TIwa
71777 212992 o2 (2012 vn2 0.113 pmol/l ) nampn maws YW a7 nPXmad R mnoi

bl
0.30 - Phosphate
0.25 PR
—_ 0.20 e \B
>
% 0.15 —— Navy
3 0.10 l —pT
* 0.05 ) l e \WPC
: || ||| || ||| || ||| || ||| || | e NR
-0.05 - i i il e Taba
|2004| 2005| 2006| 2007| 2008| 2009| 201 O| 2011 | 201 2| 201 3| 0S

2004 naw 8% 27 29077 nunn2 (PO,4) vEoID 511597 163 1N
Figure C6: Phosphate concentrations (PO,4) at coastal-water sampling stations since
2004.
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Figure C7: Monthly concentrations of silicate (Si(OH),) at the coastal water sampling
stations since 2004.
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Figure C8: Monthly concentrations of dissolved oxygen at the coastal water sampling
stations since 2004.
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Figure C9: Monthly concentrations of chlorophyll a at the coastal water sampling
stations since 2004.
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Figure C11: Temperature at the coastal water sampling stations since 2004.

moy

TN MR P17 02 AW ,(Secchi) "po ppv" N7 9% WY1 0O MOy NOWa
T2V ,wnawa 1T, (393 0°2 0917 91D ¥ IR NTPAW ,170) 007 28 13D D7) DX NYOWIA
NN 192 2027 YW NP0 299173 22WIDT XY 2OV O3 YR 273 LTTING DY 10202210
02071 922 NI20 20w T DWWV LA10T ,A0IWD 37010 DRT QY T

NN P0 PRIV DY W CNIWT NI 22N N I PORT N0 217X PO Py
QIR MOV OHY MK NPI97 03 WK 2127 NINNRn YA Y211 (2000 MDRD T
Q931 Q77T VWA 2°7 NOYRIR A0 NIAD 27901 27T DX DYDY AT NP2 20 MDY
IR ,0°7 PP9M AT NODIN AN 123 NIV VHYA 0O NODIN ,BINTO NOIINY 21D DMWY
NP1OXT NN NTTAIT DO M2 MV 2201702 TIWYIA NYVAIT NAIPR NIXR N9
JTOR DO TR o1 V210 Ty

NATIPT TIWA SW 172 2193 UYAD IR WA 7 23 SW v praIv mnon 22 7781 W
WTINA 771 N9 0°2 %270 PR (123 21R) 73wn nPNIYRwn NER D 278 5y Tom
NI MINNT 2172 7IWA 7723 N2 JOPT VPO PR NATIPA TIWaN vy a3, 34 001X
.an%T wIINa

77



Secchi depth

20 ~

[m]

30 A

50
ma: = 8! @ =2 b ab ) i (@ S 0l || Q
22| e e e 2 R | | |

2oo4|2005| 2006|2007|2008|2009| 201 o| 201 1|2o1 2| 2013

2004 naw TR SDIT QT NN (OPL PRIY) MY MTOTR 123 AR
Figure C11: Secchi depth measurements at the coastal water sampling stations since
2004.
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Parasite
N . weight | length fork . .

0. location (") (cm) Iigrgr]]t)h sex | Scler. | Gyliauc. | Proc. | Cucul. | Opist. | Hexan. date
907131 1UI 209.5 25 7 F 0 0 7 0 0 0 9.7.13
907132 1UI 213.5 24 6.5 F 1 0 11 0 0 0 9.7.13
907133 1UI 234.1 24.5 7.2 M 1 0 1 0 0 0 9.7.13
1410131 1UI 164.5 25.5 6.8 ND 31 0 6 0 0 3 14.10.13
2810131 Ul 204.5 25 8 ND 0 0 2 0 0 0 28.10.13
511131 Ul 145.7 225 6.5 ND 3 0 9 0 0 2 5.11.13
511132 Ul 132 22 6.5 ND 17 0 0 0 0 1 5.11.13
2511131 1UI 197 26 8.5 ND 1 0 4 0 1 0 25.11.13
2511132 Ul 180.6 24 8 ND 2 0 2 0 0 0 25.11.13
2511133 1UI 144.8 24 7.5 ND 4 0 4 2 0 4 25.11.13
312131 1UI 197.7 25 9 ND 1 0 2 0 1 3 3.12.13
312132 1UI 198.7 25 7.5 ND 12 0 2 0 0 0 3.12.13
812131 1UI 167.5 24 7 ND 14 0 3 0 0 2 8.12.12
812132 1UI 184.4 24.5 7.5 ND 9 0 2 0 1 0 8.12.13
812133 Ul 184 23 6.5 ND 0 0 3 0 5 1 8.12.14
812134 1UI 214.6 25 7.5 ND 1 0 4 0 1 0 8.12.15
2412131 1UI 246 27 7 ND 1 0 1 0 0 2 24.12.13
2412132 18]} 195.5 24 7.2 ND 0 0 2 0 0 0 24.12.13
2512131 18]} 264.9 27 8.5 ND 20 0 0 0 0 1 25.12.13
2512132 Ul 177.9 23 8 ND 6 0 0 0 0 0 25.12.13

SRDIDIDIINIIT JIORT MR WIMWR 1270 94T 1IDVIW 29907 123 9w
Table C2: Helminth parasites found in Siganus rivulatussampled near the 1UI.
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Figure C13: Rarefaction curves of S. rivulatushelminth parasite Species Richness
calculated using the EstimateS software. Top: Observed Richness, Bottom: Estimated
Jacknife-1 Richness.
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Figure C14: Prevalence of the six gut parasite species examined in S. rivulatus
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Figure C15: Intensity of infection of the six gut parasite species examined in S. rivulatus
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Figure C16: Bush Index for the importance of infection of the six gut parasite species
examined in S. rivulatus
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Figure C17: Seagrass and suspended terrigenous sediment that covered the seafloor
along the northern beaches following flash floods in winter 2012-2013.
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Figure C19: Live foraminifera individuals per gram dry sediment at sampled locations
since 2008. Error bars are minimum and maximum values.
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Sediment  Sediment H. Sediment  Sediment H.
Dead stained  stipulacea Dead stained  stipulacea
stained stained
Suborder ROTALIINA Suborder MILIOLINA
Ammonia spp. + 4% Agglutinella spp. +
Amphistegina lessonii + 6% 33%  [Amphisorus hemprichii + <1%
Amphistegina lobifera + Articulina pacifica + 1%
Amphistegina papillosa + Articulina antilarum + <1%
Bolivinella elegans + Borelis schlumbergeri + 1%
Bolivina variabilis + <1% Hauerina diversa + 2%
Brizalina sp. + Lachlanella subpolygona +
Cibicides mayori? + <1% 5% Lachlanella sp.A +
Cymbaloporetta sp. 1% Miliolinella spp. +
Discorbinella rhodiensis? 1% Monalysidium acicularis +
Elphidium sp.C + Peneroplis planatus + <1% 3%
Elphidium jenseni + <1% 6% Pseudomassilna sp.B +
Elphidium williamsoni + Pseudomassilina reticulata +
Elphidium cf.E.limbatum + ? Pseudotriloculina sp.B +
Epistomaroides punctatus + Pseudomassilina pacifiensis +
Lobatula lobatula + 1% Pyrgo striolata +
Nonion spp. + 2% Quinqueloculina cf.mosharrafai +
Operculina ammonoides + 82% 4% "Quinqueloculina" sp. A? +
Paracibicides edomica + 2% Sorites orbiculus + 7%
Planogypsina spp. + 22%  |Siphonaperta distorqueata +
Reussella sp. + <1% <1% |[Spiroloculina aff. S.communis +
Rosalina sp. + <1% 7% Spiroloculina attenuata +
Siphouvigerina sp. + Triloculina affinis +
Suborder TEXTULARIINA Triloculina serrulata +
Labrospira jeffreysii <1% Triloculina tricarinata + 1%
Lagenammina cf.L.atlantica 2% Triloculina trigonula +
Textularia spp. + 1% 1% Vetebralina striata + 1%
Juvenile unidentified miliolides <1% 3%

DIAZNN DIIMINGT 20T WY SHY DY T NN NORMRD IRIRIW 2T W NOMINORY apWn (3a Tean
ORI D952 77 IN 318, 9o b nvem mesw
Table C3: Toxonomy of species found in the live and death assemblages in sediment and
on sea grass. Percents represent relative abundance of each group in the assemblage.
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Figure D1: Temperature profiles measured using a CTD during the monthly monitoring
cruises. Station B is the southernmost and deepest, Station A is on the
Israeli/Jordanian/Egyptian border at ca. 700 meters depth, and the Fish Farms station is
close to the northern shore of the Gulf at ca. 50 meters depth.
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Figure D3: Changes in water temperature at depth (400m to 700m) at Station A since
2000. Data from the years 2062002 were collected during the Peace Park Project and are
provided courtesy of prof. J. Erez and prof. B. Lazar.
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Figure D4: Salinity profiles measured during the monthly monitoring cruises. Station B
is the southernmost and deepest, Station A is the southern station on the Israeli/
Jordanian/ Egyptian border at ca. 700 meters depth, and the Fish Farms station is the
close to the northern shore of the Gulf at ca. 50 meters depth.
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Figure D5: Changes in salinity at Station A since 2004. Black dots represent the
sampling depths.
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Figure D6: Dissolved oxygen concentration profiles measured during the monthly
monitoring cruises. Station B is the southernmost and deepest, Station A is on the
Israeli/Jordanian/Egyptian border at ca. 700 meters depth, and the Fish Farms station is
close to the northern shore of the Gulf at ca. 50 meters depth.
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Figure D7: Changes in concentrations of dissolved oxygen in the water column at
Station A since 2004. Black dots represent the sampling depths.
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Figure D8: Changes in the dissolved oxygen inventory in the water column at Station A
since 2004. Top: monthly inventories, Bottom: annual average
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Figure D9: Changes in dissolved oxygen concentrations in 400m to 700m water depth at
Station A, since 2000.
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Figure D10: Depth profiles of pH values measured during the monthly monitoring
cruises. Station B is the southernmost and deepest, Station A is on the
Israeli/Jordanian/Egyptian border at ca. 700 meters depth, and the Fish Farms station is
close to the northern shore of the Gulf at ca. 50 meters depth.
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Figure D11: Changes in pH in the water column at Station A since November
2006. Black dots represent the sampling depths.
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Figure D12: Alkalinity profiles measured during the monthly monitoring cruises.
Station B is the southernmost and deepest and Station A is on the
Israeli/Jordanian/Egyptian border at ca. 700 meters depth.
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Figure D13: Changes in alkalinity in the water column at Station A since 2004. Black
dots represent the sampling depths.
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Figure D14: Nitrite (NO,) concentration profiles measured during the monthly
monitoring cruises. Station B is the southernmost and deepest, Station A is on the
Israeli/Jordanian/Egyptian border at ca. 700 meters depth, and the Fish Farms station is
close to the northern shore of the Gulf at ca. 50 meters depth.
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Figure D15: Nitrate (NOj3) concentration profiles measured during the monthly
monitoring cruises. Station B is the southernmost and deepest, Station A is on the
Israeli/Jordanian/Egyptian border at ca. 700 meters depth, and the Fish Farms station is
close to the northern shore of the Gulf at ca. 50 meters depth.
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Figure D16: Changes in the concentration of total oxidized nitrogen (TON= NO3;+NO,)
in the water column at Station A since 2004. Black dots represent the sampling depths.
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Figure D17: Changes in the nitrate (NO3) inventory in the water column at Station A
since 2004. Top: monthly inventories, Bottom: annual average
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Figure D18: Changes in nitrate concentration water depth of 400m to 700m at Station A
since 2000. Data from the years 2000-2002 were collected during the Peace Park Project
and are provided courtesy of Prof. J. Erez and Prof. B. Lazar.
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Figure D19: Phosphate (PO4?) concentration profiles measured during the monthly
monitoring cruises. Station B is the southernmost and deepest, Station A is on the
Israeli/Jordanian/Egyptian border at ca. 700 meters depth, and the Fish Farms station is
close to the northern shore of the Gulf at ca. 50 meters depth.
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Figure D20: Changes in the concentration of phosphate in the water column at Station A
since 2004. Black dots represent the sampling depths.
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Figure D21: Changes in the phosphate inventory in the water column at Station A since
2004. Top: monthly inventories, Bottom: annual average
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Figure D22: Silicate (Si(OH),) concentration profiles measured during the monthly
monitoring cruises. Station B is the southernmost and deepest, Station A is on the
Israeli/Jordanian/Egyptian border at ca. 700 meters depth, and the Fish Farms station is
close to the northern shore of the Gulf at ca. 50 meters depth.
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Figure D23: Changes in the concentration of silicate in the water column at Station A
since 2004. Black dots represent the sampling depths.
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Figure D24: Changes in the silica inventory in the water column at Station A since 2004.
Top: monthly inventories, Bottom: annual average
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Figure D25: Particulate organic carbon (POC) concentration profiles measured during
the monthly monitoring cruises. Station A is the southern station on the
Israeli/Jordanian/Egyptian border at ca. 700 meters depth.
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Figure D26: Chlorophyll-a concentration profiles measured during the monthly
monitoring cruises. Station B is the southernmost and deepest, Station A is on the
Israeli/Jordanian/Egyptian border at ca. 700 meters depth, and the Fish Farms station is
close to the northern shore of the Gulf at ca. 50 meters depth.
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Figure D27: Changes in the concentration of chlorophyll-a in the water column
at Station A since 2004. Black dots represent the sampling depths.
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Figure D28: Concentrations of chlorophyll-a at Station A at the surface and at water
depths of 40 and 100 meters since 2000. Data from the years 2062002 were collected
during the Peace Park Project and are provided courtesy of Prof. J. Erez and Pro. B. Lazar.
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Figure D29: Monthly primary productivity and Chl-a concentrations at the upper water
column.
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Figure D30: Integrated values of primary productivity in the upper 100m of the water
column, based on the monthly productivity profiles presented in Figure D30.
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Figure D32: Monthly phytoplankton concentrations of prokaryotes (Synechococcuand
Prochlorococcu$, and pico-eukaryotes in the water column at Station A.
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Figure D33: Monthly integrated phytoplankton abundances in the upper 250 meters for
prokaryotes (Synechococcuand Prochlorococcu$ and pico-eukaryotes at Station A,
and their relative abundance throughout the year. Top i according to the cell count and
bottom i according to biomass.
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Figure D34: Monthly concentrations of hetrotrophic bacteria in the water column at
Station A.
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Figure D35: A double plankton net (*'Bongo™) towed from the boat in deep waters.
Photo: M. Chernihovsky
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Figure D36: Monthly zooplankton concentrations at the upper 100m of the deep sea.
Top 1 all zooplankton, bottom i divided to size fractions filtered on 1000, 500 and 200
pm filters (green, red and blue, respectively).
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Description Manufacturer | Model
Wind monitor MA (speed & direction) Young 05106
Air temperature and relative humidity Campbell HMP45C
Casing for temp & RH Campbell 41003
Barometric pressure Young 61202
Barometric pressure port (to minimize wind effect) | Young 61002
Global radiation Kipp&Zonen CM11B
UV radiation Apogee SU-100
PAR radiation Li-Cor LI-190SA
Water pressure Campbell CS455
Water temperature Campbell 108

Data logger Campbell CR1000
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Table E1: Setup of the meteorological station at the end of the 1UI pier, list of sensors.

TIWYD AN AXPAW 1N WRIA 22771 DI PNRT NMVIOR0Y M0 PO MR
72937 IPINMY 0°77 Sy 0207 AWIRD ORIk umINaT YRR T (95w A1) 007 *19% S¥n 0vun
0°7vn 0.7 prna 311 5y oonpian (PAR LUV ,n092193) 73000 027700 02w ni .00 %19
207 3 IR NPR YAIPN 2T YA T .00 DY 200 6-3 79980 YInY 792 107 o7
DX WD 790 NI .IIN? DDA MW TN D TN T DR NOIX 021010 37 5w 0P
D757 MPWH Y WK 2"A 3 0IP2 I MITR 12 PPHA 10°022 PIPD K17 D TNEDY L2004 MITIN
MW 2°77 07917 MO »"'D 75.5 paIva R¥NI MRV WA WA DY YWY A3 MTN 2hva
W ORI MDY 172572 XN 01 HW INITRI WY1 0377 0107 WATT 7213 9190 — yonn hw
PINY VNI OPIMNA LTI 1T ATW L0000 NTI0IDNLY A0 T .09 NYIWIDAY IR TTIN 23 77
JITAT DW T TV MR OR PTINn Ny

D°INWAT 92 MTPTA 305 223 5V 7Y [09IP2 Opant 2AININ-0wn? NNy MR 93
D°1NI7 QWA .PT PW MTPTIN2 MAYII WK 27 0297 MTTR LYAY 7w YW MYTN2 NNl
WA AYW 71 221N QWA DV 11D NN AWIT TAR TIVY 3707 DW NPT WY vEnn
A0 .17 NIW 923 2V QUI0MIRNDT NOPINT AVWIT 21N DR 0N 2°1INIT QW QY Wpnn STV
NRY L7319 DRI D297 M7 NI DR 2°1NIT7-0W0 W NPT WY 210 DY 2OVRang 22N
77777 1IN 2w 01270 NIV NN I7RY A0 .NMIPT WY DW AT P92 17 YW PNA N°O00
TP MINT 01N MAY) WP 12 JATN 22INWAT 92 5w (CIIN 220) PXOR 2 NINKT
(M7 D oY T 000200 0907YA PO DY)

NIN¥IN
O1IR D°IW NNAR2 NPAIPRT 73007 DR 229w 17 N NN DPAIINIRDA M
NAXIY D°I1W NAD) DONDIPRI DORINT HY AVOW N1PI? ANWY 09 27O9PR 02INWwHa Y
O oNYOWM 2°NTIPI DR7PR OYIK NN ,(MAYD NuXw MPTN L0010 NYI9NY AR
(D7NX0P 719921 DT 2T ,MAYD 90w SR IAD) NADIPRT NN
,N1MINT MM 2w DO1TR 9901 MW IR0 WTIT DDA T NI W 79002,
729V 911 707 I DLW ,IRIPY 6-8 2 75N DR TR0 N°A11T AV L7012 AR QWA ,0°7123 2093
901 791%7 PR AR°IT .M120 MY TWn2 712 a8 PIT OWA TN IR1N292 6 21,02 27 2 VR
SMINTA AN 727V NPT XY
2006 T8 MW IR DRI DYITRY MNNWA TIWA NN NPT NPT MmN
.(57 71°R) n°1dN NMoN2

133



Max Wind Speed
25
20 s ¢ . .
’{ g *%e. % M . ¢ » -
> *
o 15 s :’ o .. oo $300 sae ¢ | 242 |o 2% 0
8 A T T SRS ARV o oA v
<L RS F AR St P D S ST ITN Ty > X\.’. ’_’“\\. ,
IS 10 ;,/"«; ; TRl T o IM‘)n{'/. xs)>¥ PRV P,
P o IV’ SERH I <1 14Y A
S S R S B
0 - | | | | | |
(VA (V4 (VA (V4 (VA (V4 (VA
2os Po. o, 2, &, W,
> ® o (7 7 ) >
Max Wind Speed and Direction
*
-25 15 25
vy
(0]
<L
£,
s
=2
¢ 2007-2012
¢ 2013
25 - E-W [m/sec]

N2 N YT T LTI 2TURS AR D33 MOAWAT MM MR MTITE -ThunY (57 PR
DITRI TR IR M7 2007 NYOMN TR NP 3
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temperature at ~2m depth.
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Table G1: List of stony corals and the number of colonies of each taxa found in the coral
reef line-transect survey, 2013.

Eilat
Genus UI Katza NR Total
Acanthastrea 19 13 15 a7
Acropora 103 146 228 477
Agaricia 4 2 3 9
Alveopora 2 1 3 6
Astreopora 10 12 12 34
Balanophillya 3 3
Balastomussa 1 1 2
Coscinaraea 27 8 5 40
Ctenactis 2 2 4
Cynarina 2 1 3
Cyphastrea 112 60 72 244
Echinophyllia 3 5 10 18
Echinopora 21 69 210 300
Favia 112 47 47 206
Favites 96 74 79 249
Fungia 4 4 4 12
Galaxea 1 8 8 17
Goniastrea 45 50 143 238
Goniopora 1 7 10 18
Gyrosmilia 81 4 6 91
Herpolita 1 1
Hydnophora 5 2 7 14
Leptastrea 46 35 24 105
Leptoria 1 3 4
Leptoseris 3 3 6
Lobophyllia 4 18 106 128
Millepora 74 5 11 90
Montipora 52 106 141 299
Mycedium 2 5 27 34
Oxipora 1 1 2
Pachyseris 1 3 4
Pavona 14 57 25 96
Platygyra 12 13 17 42
Plerogyra 2 8 2 12
Plesiastrea 26 13 16 55
Paocillopora 37 14 12 63
Porites 70 44 81 195
Psammocora 13 32 41 86
Seriatopora 28 11 39
Siderastrea 37 37
Stylophora 172 132 157 461
Turbinaria 3 2 3 8
Total 1212 1036 1551 3799
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Table G2: list of colonies (of all types) that were recognized in all permanent photo-sites,
in 2013.

Genus NB Dekel | Katzaa NR 1UI Taba | Total
Acanthastrea 0 1 4 4 2 2 13
Acropora 2 28 60 84 17 9 200
Algea 0 0 10 5 14 22 51
Alveopora 1 1 3 3 0 13 21
Anemone 0 7 7 1 1 0 16
Astreopora 1 0 0 6 1 1 9
Balanophyllia 0 2 0 1 1 0 4
branch sp. 3 2 22 7 5 1 40
Coral sp. 0 0 0 0 2 1 3
Coscinaraea 1 1 0 1 4 2 9
Ctenactis 0 0 0 4 0 0 4
Cyphastrea 2 5 30 38 48 22 145
Echinophyllia 1 3 2 1 3 10 20
Echinopora 6 17 42 73 11 4 153
Favia 7 10 19 11 72 35 154
Favites 15 15 52 30 47 19 178
Fungia 0 1 5 4 1 2 13
Galaxea 3 1 6 1 0 0 11
Goniastrea 16 20 28 78 84 41 267
Goniopora 0 4 0 3 0 0 7
Gyrosmilia 0 0 0 0 0 1 1
Herpolitha 0 0 0 2 0 0 2
Hydnophora 2 0 0 0 0 5 7
Leptastrea 8 0 16 6 41 10 81
Leptoria 0 1 0 0 2 1 4
Lithophyton 0 0 0 1 0 0 1
Lobophyllia 9 9 4 9 6 0 37
Millepora 2 4 2 1 39 47 95
Montipora 3 16 51 36 6 8 120
Mycedium 2 2 9 5 0 0 18
non branch sp. 1 6 17 16 24 15 79
Oxipora 0 0 0 1 0 0 1
Palythoa 1 1 0 0 0 0 2
Pavona 2 1 0 2 1 3 9
Platygyra 2 6 17 13 3 3 44
Plerogyra 10 5 1 5 17 14 52
Plesiastrea 2 1 0 0 0 0 3
Pocillopora 0 0 3 4 8 2 17
Porites 2 1 4 13 12 8 40
Psammocora 11 32 16 16 7 19 101
Rhytisma 3 3 1 0 1 2 10
Sabellidae 0 4 9 18 2 6 39
Sarcophyton 1 0 0 0 0 0 1
Seriatopora 0 0 2 1 1 1 5
Shell 0 1 6 10 1 1 19
Sinularia 0 0 1 0 0 0 1
soft sp. 0 0 1 0 0 0 1
Sponge 0 0 0 0 0 2 2
Stylophora 2 0 4 8 3 8 25
Tridacna 4 6 37 20 35 12 114
Tubipora 0 0 0 1 0 0 1
Tunicate 1 0 0 0 0 0 1
Turbinaria 2 0 0 1 0 0 3
Xenia 3 22 30 95 1 0 151
Total 131 239 521 639 523 352 2405
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