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Introduction

This report describes the work and results of the Israel National Monitoring
Program in the Gulf of Agaba (Eilat) T NMP i in 2014. It is divided into chapters
according to habitats and the methods employed by the monitoring program. Each
chapter includes a short description of the methods used, a detailed description of the
results including data and figures, and a discussion of the findings. A comprehensive
description of the methods used is given in the NMP annual scientific report of 2003.
Figures and figure captions in this report are given in English.

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

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 Israeld6 Ministry of
Environmental Protection: http://www.sviva.gov.il/, and on the NMP page in the 1UIl
web-site:
http://iui-eilat.ac.il/ .

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

Key findings

The coral reefs of Eilat
1. The state of Eilat's coral reefs, that displays a long term improvement trend,
seems to have declined somewhat in this past year, as reflected in various
proxies measured by the monitoring program. Below are several points
revealed by the data that are worth noting:

a) Live coral cover at the reefs of Eilat was reduced at most sites,
compared to the previous year, and that is also true for the "Eilat
average". Nevertheless, coral cover is still significantly higher now than
it was at the start of monitoring, in 2004. Two years have made
particular contribution to this trend, 2007 and 2013.

b) The most significant reduction in live coral cover was measured at the
NR-5 site, which is the site where coral cover is highest. The two
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deeper NR sites have also declined but in a smaller amount.

c) The drop in coral cover at the NR-5 site has improved correlation
between coral cover and colony density at the reef sites. Improved
correlation between these variables over the past years, mostly through
increased coral cover at most sites, is indirect indication for successful
coral growth.

d) Over the years of continuous monitoring a decline in the fraction of
"small" colonies has been observed, and an increase in that of
"medium" colonies was 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 to limit the live coral cover.
This year, a slight increase in the number of small colonies was
observed.

e) The Shanon-wiener index for coral diversity was lower than it was in
the previous year, but only slightly. Overall, diversity and species
composition of the coral community at Eilat remain stable.

f) 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
coral diversity have declined compared to the previous year.

g) At this year's permanent photo-sites survey, less coral colonies were
encountered, but here too the difference is small. Coral density and
community structure at the photo-sites are stable over the monitored
period, similarly to findings of the line-transect surveys.

h) Stony coral area at the permanent photo-sites has decreased this year, as
in the line-transect surveys. Here too coral area is significantly larger
than it was at the start of monitoring, in 2004.

i) A decrease in coral colony density was recorded at the nature reserve
back-reef 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. Last year a slight increased in coral density
was noted in the lagoon and this year coral density remains unchanged.

Sea urchins are the most important invertebrate reef grazers. The most
abundant sea urchin in Eilat is Diadema setosum. This year Echinometra
mataei was the most abundant urchin in the lagoon, and it was found in
increasing numbers at the NR-5 site as well.

A decrease in sea urchin density was recorded at most sites (bar NR-10)
compared to the previous year, and a large decrease relative to 2012. These
changes in sea urchin density seem to reflect natural fluctuations of the sea
urchin population, or are perhaps coupled with fluctuating environmental
processes.

The density of sea feathers is significantly greater than it was in the initial
monitoring years, but has declined somewhat this year (in all but the NR-10
site).

The Yellow-spotted sea cucumber Holothuria (Semperothuria) flavomaculata
was documented in the Eilat nature reserve. This is the first time this species,
previously described from the Red Sea, is documented in the Gulf of Eilat.
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6.

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 near the
IUI were surprisingly high considering the shallow mixing depth. The high
concentrations were measured in September, suggesting something other than
seasonal mixing was the cause.

The zooplanktivorous fish are the largest functional fish group among the reef
fish, comprising ~60% of the fish surveyed this year. This is an important
functional group as it transfers nutrients up the aquatic food web.

The second largest group of reef fish (23% this year) is the carnivores that
curb populations of invertebrates in the reef. The herbivore fish (grazers)
comprise ~7% 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 Environs

9.

10.

11.

12.

13.

14.

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. Most of these are higher in winter than in summer.
This year, sea surface temperatures (SST) at the coastal stations spread over a
relatively small range, water column mixing was shallow.

Despite the shallow mixing relatively high nitrogen concentrations were
measured throughout the year at many coastal stations, probably as a result of
flash floods that carried sediments and nutrients into the sea.

Even considering these relatively high background concentrations, several
incidents of abnormally high nutrient concentrations were documented. Most
of these were measured at the "Navy/Meridien Hotel" and "Fish Farms"
stations.

The prevalence of intestinal heteroxenic fish parasites in wild Signus rivulatus
caught near the IUI has increased during the last years relative to 2009-10. 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 detected in intestines
of wild fish caught next to the 1UI this year. The occurrence of M. marinum
has decreased in the past years, but these finding suggest that the pathogen is
still present. Fish caught by the National Center for Mariculture at the northern
beach of Eilat had high occurrences of the pathogen suggesting that the
northbeach is still a hotspot for M. marinum.

In recent years the NMP supports monitoring of the benthic community at the
location where the fish farms used to be (at the northern beach of Eilat), led by
Shai Oron (see Appendix G4, in the NMP annual scientific report 2010). In
the past two years several flash-flood events transported sediment into the sea,
notably close to the monitoring site. Immediately following these flood events
the sea floor at the site was devoid of sea grass meadows and live benthic
foraminifera. Sediment samples collected in July of each year contained small
numbers of small live foraminifera, indicating re-colonization of the site after
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15.

the floods.

Sea grass meadows that have begun to grow at the site after removal of the
fish cages were buried by flood-born sediments, but in summer began to
reappear.

The deep sea water column

16.

17.

18.

19.

20.

21.

The ecological system of the open waters is modulated by the variability in
concentrations of nutrients, dissolved oxygen and phytoplankton population
driven by seasonal mixing of the water column. 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,
~290 m. This is the second year of shallow mixing following the deep mixing
of 2012.

Concentrations of nutrients in the deep waters, reduced by the deep mixing in
2012, were higher this year. This is the third inter-annual cycle monitored by
NMP; a complete cycle starting with deep mixing in 2007-8 ended in the deep
mixing of 2012.

Although mixing of the water column was shallow this year, chlorophyll-a
concentrations, primary productivity and zooplankton biomass were higher
than expected, particularly during the summer months. These were, perhaps,
connected to flood waters that entered the northern end of the gulf.
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 in 2012
water temperature at depths greater than 500m hardly changed, and
temperatures of the deep waters continue to rise.

Nutrient concentrations are rising throughout the past two years, but nutrient
stores in the water column are still lower than those measured before the deep
mixing of 2012. 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 Prokaryotic Synechococcus is dominantly abundant in winter and
Prochlorococcus cells are dominant in summer and fall. There are more pico-
eukaryotic 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. In the winter of
2012 the fraction of eukaryotic phytoplankton was notably larger than during
the subsequent two years.

Continuous measurements

22.

23.

This year sea-surface chlorophyll-a concentration measured daily from the
Observatory pier peaked early, in February, and most of the bloom occurred in
January-February. During these months and during the autumn months chl-a
concentrations were higher than the multi-annual average. In May high chl-a
was measured, probably related to flooding events.

Sea surface temperatures were mostly higher in winter than the multi-annual
average, but not considerably so. The annual average SST was lower this year
than it was in the past two years.
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24. During winter high, above-average, solar radiation was measured in a
relatively large number of days.

25. At the end of February-beginning of March the highest concentrations of air-
born dust recorded thus far by the NMP were measured.

General

1 This year several rain events caused flash floods that reached the sea in several
locations. A storm accompanied by significant flooding occurred in 7-8 May
and its effect was exacerbated by road works and development along Eilat's
southern beaches. Consequently a large load of flood-born sediment flowed to
the sea in sensitive reef sites.

1 On December 3, 2014 a large oil spill occurred in Evrona, some 15 km north
of the Gulf of Eilat, and concern was raised that it may eventually reach the
gulf. Rain events several days after the spill caused additional worry, but the
Evrona basin did not flow and pollution did not reach the sea. In the
meanwhile, rehabilitation efforts included removal of crude oil from the
riverbeds and partial removal of oil-soaked soil, but many rivulets are still oil-
soaked. A similar oil spill occurred in 1975 in proximity to the current
pollution site. This was not treated at the time, and oil-soaked soil is still found
in many rivulets at that site. The past experience together with two initial basic
experiments conducted by the NMP shortly after the present oil spill suggest
that this event does not present a major threat to the marine environment in the
gulf.
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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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DOAIMIRT 0% MR 17723 IR 92 2V PRI DINN DI SV WD TN P01 NN
TN NPT TR L0010 WYY DOAAIRT AN, 029K MAWIM MDY Y0 DI 0% 00
2w D73 DIONM IR DPANIRT NIRI2Y

W MAwINT 7907 NP X1 P -wa , 12 axnwn) Shannon Wiener 772 0% 0211 1an
Colwell, ) EstimateS nion >7° Yy 77917 (17901 (23107 1R) 2°°277 N 2"70 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
TV AT 25WA TINAT TV DY aYOWR AR 0°ONA NO0IN 12 287D TV INRA PR 70
SIPRRT TR P

H'=-3 P n(P) :12 axnwn
1

N2Y2 NPOR2 NPNWI SIPI0 WANWST 12 TR0 RITW 1197 n21 Shannon Wiener W 1mani 711
IDORIW 021117 TIWVIT NN NIA0NA D°OORIW D°1IN1 1°2 ARMWI NWORND 121 (Loya 1972)
D07 FIWY 12 TN N2V 2N MV N°IONY MINTIPT M7V 217 1A LNRT OV T .02v2
(2006 ,n°R P91 MW17 NN D210 1M172 R 7P 110T) 1210 DRI N2 XY ,INK 902
nMyeaRa Mawinna (rarefaction curves) 77°ax NYAIPY MYNARD WY1 2107 MAR? 901 MN)
1500 5w 737°902 77°19%7 0229177 1PN 23 DawIn 191nm1 ,(Colwell, 2005) EstimateS nion
DR DPNW D90 TINn Mawn

16.0 SPSS -1 (1998 ,SPSS inc) Systat v9 Mi2Ina NMYEARA WY1 "0 000 MN3i

ANOVA 1121 D71y 7nwyl nououon mpnant nna .(http://www.spss.com/statistics)
N MTAR DY 772w 7O¥R7190370 172V 21N NRY 260 AwY: TR TR

LNR NN NI 277 YXIAN2 PN 0T DY 711w TV 92 Hw DIn01 1990 7781901701
217137 22037 707 OV 1727 720 2Y ROT DMNTAT D00 00T M

IMWA 7Y P07 7T IR 720377 AURIT L7101 DK P01 MNPR IN NNNWA NN W
NINTI7°7 SW 23102 18N YADI NONWST AW 007,20 TIR 22101 MIRD 1WA W ow

NOION 7 %Y PNIMIRYA 7N YW annpn Mot 3 ,(Loya, 2004 Hwnt 1R1) 0NInRT w2
ANV PO W MW 077 D21X0P DROIPR VIR IR (N7 1) 2PYD NIWORAT NI
17 IRT) DI NATRY NONWA W 1°2 0215°37 229720 PWA NRT QY T LNNWT DT ONRY

17



231 172 7991 P9-nn N Wt wIpn (2007 ,N90R 7I9n M0 NMIRYT 101N
JONR TN AR ROXLIPNT DROAY DR DOAXN AR NP

<NINZIN

DMK 10D

RXN1 N2 21737 D2AMPRT M0°3 (32 1K) DOINRT P TR AW 21T DOAMIRT M0
TIWD IRNW DONORT N0°2 77 mwn 77701 12 ,(5-NR) D098 nnewa 1nTIn Nl
,(10-NR) 27 10 ppiva ,771mwa X7 AR R¥I N2 577 110007 .43.7% 5w 7w% ,nampn
77721 0°IP0IT DOINRT ANAY TINA AYAIR2 . 11.6% S W9 9P 7707 1Iwn 77781 ow aN
"MD2 MW RO REAI TAR IR ,TPHY AREAI WHIW ,NRTIPA 7IW5 IRNWA M0°02 770 M
T TRV NTIPA 7w ARl aw 5-NR NR2 RENI N DTN W .DWPRT DONNIR
NAWINT) D°IP107 5102 03 5D TV 2501 D173 0 1WA AT 370 77721 MW 12°R) 110002
D207 10702 PR .NATIPA MW IWRN 20 MIND 28N AW KT 2D 707 AR (22900 270 N
NRT QY T1° .777°20777 2127 R (197 79°70 ,73277 ,a002) WD 1O 07 3T R2 a3 7 70
2007-2011 ooawa 7721w *10°37 7217 2012-13 021wa WA vl % AR ,INR2 D209RT M0
.2004-6 Do1wn W 71 71an

TR V792 JART AADR 107D AR NIWHANM NPNATTT O N9DXI "NPX NPNIw'a 9on 702
MW TP ,AT OV HW MITIN 1w 2OINRA 121 20w PAw AR 5y L(Prn ,32 1K) 2007
D178 *10°02 0.70% -2 HW 7°°HY R1T MININRT 02w WY 02IP0IT DOINRT 902 YR
" IR ,0PMYRT M0 HY M AT NOPN TR 777R1 2INRT 33 .(R?=0.90) m1wa oni
TR Y277 MIND L10p MNINRA 22Iw0 Wy yxmnt nwsa ews 10-1U1 -1 10-NR o9 nxa
ahiizal

VID2Y, PN PINRA TN NOVIALT MNWIA POV NP DONADRT M0 NI MR
NS ,00NKRT 1°2 2297200 .ONW DWW AN YOING 0T W 25071 RIT OIN YN 02 0OINKRA
D°9173 0°9727 DIWY 1IPOIW DOINRT P 1TONT N2 HW ANWS 01D NR POV DOOPWH LNNT
DI TR DOAWADRT 10707 "A¥Mn T RN L,(22 71920) 021 1R ANAIR W 07 nuw2
W MW Q7PN DD INK AR 21X IR APwH WKW 1501 [I972 7770 RIS MHwa 7Iona
45%-5 (KATZA-5) 19% 172 73w v1 (P21 2191 2w 219°0) 17w25 INRI D2307K:T M10°D
NPT NP3 DI ,ANRD DONADRT TN W AR Nnnd By vk max maw a7pn (NR-10)
V¥mnn 7vn Sw (precision)

Stony Coral Cove
60 -
il
50 - T
T
40 - T
%

-

30 - TT T Tl'-l-
20 - il
10 - iirfT

Katzal0 Katza20 NR5 NR10 NR20 [UI5 IUI10 IUI15

H 2004 H 2005 = 2006 H 2007 m 2008 = 2009
2010 2011 2012 2013 2014

18



40 -
35 -
30 -
25 -
% 20 |
15
10
5 —e—KatzalO

0" -8-Katza20 Eilat Coral Cover
0T T T T T T T T T T

Stony Coral Cove

R =0.297

R=0.440

70 ~
60 - R=0.506
50 - T 1 o7 I 26 7]

40 - : L : :
% t %

20 - R=0.8998
10 - W

R =0.364 18 F _

NR5 =<NR10 -+NR20

25 - 1 4 | | | | | | | | | | |
Ao ® A0 Wb Ak
15

%
10

R=0.183 IuI5
5 - U110

——

U115
0

O 90 0 B R o o o g g

>

QTR ,INK 922 (2997 233IMHR 910 RD) 297 JaN RNDR DR YRR N800 muw -Thynh 132 PR
2004- 201wa nHIR NP DH2Y 2YIPRIT 2NN AT DIMMHRIT NMVID2 DIMNPW -T0RY Auwt Yhon
two way ANOVA, ) 299nK> 291w 172 mIXPRIVIRT 25 197 ,2°002% 2%wn 12 av%7amt 2014
AT 2Y IDIN ININD UWNWT 29INRT 93 KD 90 mwyew,(P<0.001
Figure B3: Top- average live coral cover (excluding soft corals) at each site (percent of
total area). Bottom- temporal changes in live coral cover at the surveyed sites and at the
""average Eilat reefs" in the years 2004-2014. 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. At sites
where cover does not add up to 100% the balance comprises algae and invertebrates
such as sea anemones, clams or sponges. The presented percent cover is an average of all
transects at each site.
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the sites examined.
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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-
temporal changes in normalized coral cover at the surveyed sites and at the ""average
Eilat reefs" in the years 2004-2014. Changes over time are significant and the
interaction between years and sites is significant (two way ANOVA, P=0.022) 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 7 normalized according to the hard substrate that is available for coral
settlement.

23



Coral Density

n H 1]
IuI_5 IUI_10 IUI_15 Eilat
ol ] [ 1 33r T T T T T T T T T 1
4] A - 1
““““““““““““““““““““““ =
(%2}
2
c Katza_10 Katza_20 S
S 231 7
S 1T | ©
[}
3 28 W ' ]
c I ] I ]
= 14 r 1 r 1 [ N T TN W N TR NN B |
o L | L ] 18
@) O W
P 907 907 0T P 99
NR_5 NR_10 NR_20 Year
42 MW ] L ]
28 1 1 ' 1
14 Wi [ ]

ST R

MY 20w 12 97277 .2004-2014 201ws 293IRYRT M2RR DR nYEmen NIDEEa 29w 182 1R

Doueoune npram? ANOVA jran njsn 9 5 pram (29087 92=) "nR"

Figure B8: The average density of coral colonies in the years 2004-2014. Annual values
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SHES S

DYN?RT M0 TR 1727 (YXIM TNN2 MW T9D0N) NMAWINT MDOX P2 MARNTT 7w
(2013 mwa R?=0.35 mw> 799 92 7rx ,mwn R?=0.71) nnmipi Awa Iwrn I 72
MO MINRA MR A 5S-NR 90NR2 027 1R 77770 DY 7IWE N 7200 TaRNAN
TW 797 NV T N’ 20T TARNTT NP DOANOR MAWA DW INIROYAN FRXIND M2
MIAWAT MDOXA 7OV T IR 7771 ,73wn 5-NR 2nR2 77711 WK M0 NNRA 7770 oY
U IRT) NNV M7 NAR DR 2727237 D7RMAT 2Y 50 2wy 5-NR 20Kk 798 00w
(72

AT IWPT VXA TINR DD 0OINIT 21N DTV 11027 IR MDY 1921 0% 172 O NX 0)
,92 97K, R?=0.12) 70 71277 71911 DINwni 172 ARRNTT XD .A9YRY TWIw 93 ,mawnie
TN 7210 ARRNT NIRYAI 1TY92Y 5-NR 0K TR NYOWIN ARRNTT XD 03 29K L (7017
(R?=0.48)

24



50.00
45.00 ~
40.00 ~

| L 4
35.00 y=0.9847-2.4183
30.00 -

R=0.7126
25.00 -

20.00 -
15.00 -
10.00 ~ *
5.00 ~

0.00 T T T T T T T )
000 500 1000 1500 2000 2500 30.00 3500 4000
Stony Coral Density [#0m]

Cover vs. Densit014

Stony Coral Cover [%

0% Cover vs. Density (normalize2p14

60.00 -
L g V'S *

50.00 -
TR

40.00 ~
L 4

30.00 -
20.00 ~

10.00

Normalized Stony Coral Cover [¢
L 2

0.00 T T : : : : )
0.00 1000 2000 3000 4000 5000 6000 7000
Normalized Stony Coral Density 18Mm]

L2MTIT OINRD DINADRT TSI TN TAID DOMMHRT MW D NYRIMAR MDIBY - Townb 192 TN
LW SINND WP YRAT 90D 2RI L2OAADRIT 1100 1IN TAID 2OMMBNT MAWR MDIDX - Tund
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. Top 1 size
frequency distribution of counted coral colonies; bottom i the coral size frequency
distribution after correction of the bias of size counts in line transects (Zvuloni et al.,
2008).
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Figure B11: Top: Changes in the average size frequency distribution (corrected for
transect based count bias) of coral colonies between 2005 and 2014. Size groups are:
Small<5 cm; 5 cm <Medium< 15 cm; 15 cm <Large< 30 cm; Huge>30 cm. Bottom:
Changes in the density of i S m adolénies, corrected for bias and normalized to 1m?,
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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 2004-2014.
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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 2014.
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Averages Average
Katza Katza
10 20 NR5 NR10 NR20 IUI5 UI10 IUI15| Katza NR UI Eilat

Acropora 691 403 7.61 299 925 283 239 276| 3.86 1082 222 4.85
Stylophora 387 356 439 104 134 397 184 267| 255 4.05 225 2.84
Montipora 294 396 212 101 6.21 042 059 1.25| 230 470 0.65 231
Echinopora 160 218 687 032 268 005 037 042 126 572 0.26 1.81
Goniastrea 191 112 376 074 184 19 066 031 107 3.68 0.72 1.53
Cyphastrea 216 088 107 038 193 292 165 0.67| 1.09 177 1.38 1.46
Lobophyllia 080 0.27 873 007 042 000 000 0.00| 039 575 0.00 1.28
Favites 213 199 035 042 218 096 103 0.84| 141 144 0.80 1.24
Porites 132 121 088 021 359 000 0.64 165| 087 225 0.70 1.19
Favia 0.76 090 055 087 042 234 083 1.30| 056 111 1.16 1.00
Psammocora 0.71 142 027 007 234 000 0.00 0.21| 0.70 1.23 0.06 0.63
Pavona 084 263 013 005 050 0.00 011 o0.07| 1.10 0.33 0.06 0.54
Turbinaria 005 009 109 126 0.00 082 003 0.31| 005 153 0.28 0.46
Plesiastrea 0.15 098 0.27 0.15 115 037 024 0.27| 035 0.77 0.24 0.45
Pocillopora 0.24 020 0.04 054 020 062 090 0.85| 015 0.47 0.69 0.45
Mycedium 038 029 227 000 003 000 0.00 0.00| 023 145 0.00 0.37
Gyrosmilia 000 0.12 0.00 0.04 007 000 081 144| 0.03 0.05 0.69 0.31
Platygyra 035 012 085 022 039 039 002 0.10| 017 0.85 0.12 0.30
Leptastrea 036 031 028 022 015 045 040 0.22| 023 0.39 0.30 0.30
Goniopora 046 059 094 002 0.04 011 011 0.01| 035 0.63 0.06 0.29
| Stony corals  29.50 28.60 43.67 11.63 35.86 19.70 14.28 16.92| 19.85 50.95 13.99| 25.02

B2 2w PRIANT MDIDT TR LMWL AR (D9 NN 950) 2IRIDIT 2INMONT 2wy 32 haw
SMWIIT ANRD TN
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.

35




DT I

A3 NV ARIIT NV AT MWD WK LOIW OTIN IR TR DI W
I P01 V2T N°ION NIA0NA .NT°RA QPRI NI DR 1IP0 WK ,MINTIRP MTIAY2 N2
MINR IRWA NN AW IR T IR 910 NN OW 007 0T ,M10T0 30N N
BahiivielaaRa MM eirRabplalizalyioi7atal ek ey m B akht (78 e Tay Al M h i in i a v iol a ad k' daty B a b} Lv7n Bn Mk o
> OR L1 Y931 0°2 0°OX7 0OXDT ,0°P2N VT HY N°D°D AYOADY N2 MWN O3 NNWA W
A290 MYOWN DR PPUPR DMPANT AW DY M7 Apn N0

71037 N°I5N 570 HY ORVIDINIRIAT 10N NN NONINIRLAT 7777 NIAN YW Innpn oy
2177 7922 "N 1) MMNT NRRYY 20w NMIRAT AR 2P 1071 2006 1270002
WD MYANIT N1POXN WITDT N2V 0N AW YT 72017 7121 (2117 PN RTA MIN2 MIDING
.2007 N1w2a 17m7 MY I N2I5N NIA0NR2 NOIWA W P01

72197 NI Y0 12w NNWNT P20 MA?ONTA N0 12 1% NPT W DWW POIR
23T NART QW ,NONWA DATR INRD T2 (182 1K) MW W DWW 297 DX AN
Y9071 MW NN WA L(5-1U1 InR2) 35%-2 K17 IWn 7701 QW 79191 390 YW anva
TIM1) 7292 2.5%-2 DT RO VPP IR 129K 53% -2 RI7 TIWA 771 WK QWA 7917170
70 TINR) DRI M0 NARY MM M0 TNR P2 97277 797 ARIND L(MRTIPT 221w TWRA
DITXIDR DONWR WA (Awpa veng

Reef Table Substrat
il BB B |
90% -
80% -
70% - M Dead Coral
60% 1 = Consolidated Substrat
50% 4 onsolidated Substrate
40% - Loose Substrate
30% - B Octocorals
20% - M Live Corals
10% -
O% -+ r°r T T T T

o005 0y 07,07, 9079 <07, <0y,

TINM DIWRIAM 2T DIIMINIT L2ONR DOXARORT YO0 DT ,200MDR DR 2Y1aURnT M0 IR 1182 N
P oenn 9o
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.
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Figure B20: Top T Shanon-Wienr diversity of stony corals in the years since 2007,
bottom 1 rarefaction curves for coral genus diversity on the reef table since 2007

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

JINST IRMRY NOIMWT NRTR SINR2 (M09 IR 950) 2OXIDIT JANT OMRONR 20y 143 haw
Table B4: The twenty most abundant stony corals (by cover percentage) at the reef table

and the reef front sites.
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Figure B21: Top- correlation between stony coral cover and colony density in all the line
transects surveyed in 2013. Bottom - correlation between stony coral cover and colony
density in all the line transects surveyed in 2014.
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Figure B22: Change in the size-frequency distribution of coral colonies in Eilat, showing
a decreace in the share of "'small'* colonies, and a small rise in coral colony density this
year.
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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 Nonbranching stony| Allcolonies (stony, soft
Pictures corals corals and others)
No. of Area No. of Area No. of Area
colonies colonies colonies
NB 8 15 458 97 8,028 117 9,681
Dekel 19 44 4,466 160 26,695 239 35,393
Katzaa 21 105 6,375 274 13,110 435 21,735
NR 28 141 13,506 355 24,288 618 42,942
18] 24 72 5,334 479 13,190 611 19,092
Taba 18 33 7,365 214 16,258 313 27,018
Total 118 410 37,504 1,579 101,569| 2,333 155,862
Colonies captured in full and considered for "growth" calculations
Site No. of Branching stony Nonbranching stony| Allcolonies (stony, soft
Pictures corals corals and others)
No. of Area No. of Area No. of Area
colonies colonies colonies
NB 8 4 106 51 3,098 57 3,894
Dekel 19 16 2,006 82 6,465 115 9,999
Katzaa 21 73 4,257 179 5,194 285 10,230
NR 28 87 4,974 206 10,683 355 18,285
Ul 24 48 2,308 338 8,514 432 11,341
Taba 18 11 1,207 116 4,587 163 7,323
Total 118 239 14,857 972 38,542 1,407 61,072
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Table B5: Summary of the areas and number of corals surveyed in the 2014 photo-
survey session. The fareaodo of-piels Areasareny
given in pixels to allow for inter-annual comparisons and to avoid inaccuracies of
cali bration to fAreal 06 surface area. Top:
colonies considered in Agrowtho cal cul
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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 2014, 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 2014. To allow a comparison between sites the data
are presented as percent of the total number of colonies at each site.
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Figure B29: Top - changes to the average area of stony corals per picture at the
permanent photo-sites since 2004. Bottom - changes in the average stony coral area per
picture in the ""Eilat Reefs", measured since 2004 in the permanent photo-sites.
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Figure B30: The twenty most abundant corals (by area) in the 2004-2014 photo-surveys.
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Figure B31: The sampling design in the lagoon. 1 m? quadrates (red circles) were placed
5 m apart along a measuring tape laid cross shore, 9 m from the *'shore line' to the reef
table. Each cross shore line included 5 or 6 quadrates (though in this figure only 4 are
depicted). 17 cross-shore lines were evenly spread to cover the lagoon area.
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Figure B32: The average density (colonies/square meter) of the coral genera found in the
lagoon in 2004 - 2014. Top: the dominant coral taxa, bottom- year to year changes are
statistically significant (ANOVA).

,332 71°R2 701 (Mawa 991 93%-2 0°NAR) NP2 DOXIDIT DONNIRT A0 TIWY MO
719177 179 Stylophora pistillata 21987 .7393977 23178 592 M2y 221037 IR 7087 62 7720)
QY 02w P2 AT IRWI 0302 DO NAYONT LTTWD TIMIT IR 12D %) OX 11392 N
.0%p 09720

52



40 ~
35 A

Relative Coral Abundanc

% 20 -
15 -
10 -

? @ ) > > >
N <@ Qo* Qo‘ qf S &
<<’b \0 xQ ) Q’b "\‘
& A N\
e & Q
(_)

3392 2IPOYT DINMINT S0 TR D (M2RRT D8R 9D HY ,29ITR2) NS nIswsT (332 1R

L(293mR7 Y901 95% -2 29nR)
Figure B33: Relative abundance (by colony number) of the 10 most abundant coral
genera in the lagoon (these total about 95% of all colonies).

2

Species N Relative abundance (%) N/m
Stylophora | 64 33.68 0.63
Millepora 37 19.47 0.36
Rhytisma 26 13.68 0.25
Favia 20 10.53 0.20
Favites 9 4.74 0.09
Acropora 6 3.16 0.06
Seriatopora 5 2.63 0.05
Platygyra 4 211 0.04
Pavona 3 1.58 0.03
Xenia 3 1.58 0.03
Echinopora 2 1.05 0.02
Nephthea 2 1.05 0.02
Acanthastrea | 1 0.53 0.01
Astreopora 1 0.53 0.01
Cyphastrea 1 0.53 0.01
Hydnophora | 1 0.53 0.01
Leptastrea 1 0.53 0.01
Litophyton 1 0.53 0.01
Porites 1 0.53 0.01
Sympodium | 1 0.53 0.01
Turbinaria 1 0.53 0.01

°318 B (Y127 TR NI2wIR 150R) NYXIRAT JNIDIDIY NIOAT INIIDN NIRRT Do 162 93w
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

55



NIRXIN
MM N NI3221,10-1 5-NR-1,10-1 5-1UI) 020K 952 71w 11p01 2°3120 o1 1600
.72 777202 72101 2R 902 22210 997 D°V°IDT 190K NMIAONT .(AnDR

IUI-5 IUI-10 NR-5 NR-10 Lagoon
Density Number | Density Number | Density Number | Density Number | Density Number
Diadema 0.62 124 0.95 189 0.37 148 0.21 85 0.27 107
Other Urchins 0.27 54 0.27 53 0.45 180 0.04 16 0.51 202
Total Urchins 0.89 178 1.21 242 0.82 328 0.25 101 0.77 309
Starfish 0.01 2 0.01 2 0.003 1 0.02 6 0 0
Feather star 0.58 116 0.74 148 0.75 300 0.43 173 0.01 3
Sea Cucumber 0.05 10 0.03 5 0.17 67 0.09 35 0.05 18
M? surveyed 200 200 400 400 400
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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 B36: The average density (per m?) of mobile invertebrates at the sampling 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.
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Figure B38: The average density (per m?) of feather-stars (top) and Sea Cucumbers

(bottom) at the sampling sites.
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Photo: N.Segev
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Figure B39: Yellow-spotted sea cucumber (Holothuria (Semperothuria) flavomaculata
documented for the first time at the Gulf of Agaba. Five individuals were counted at the
shallow Nature Reserve site (NR-5).
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Figure B40: 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 B41: Mixing depth versus the annual average potential benthic algae growth on
the reef slopes across the 1UI since 2004,
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Figure B42: 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 B43: 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 B44: 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 i at 20 meters.
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Figure B45: Distribution of reef fish according to trophic level since 2007.

66



Taxa Dweller* Tropic level* Occurrence
Blenniidae/Gobiidae C 59
Pomacentridae
Amphiprion bicinctus 4 5
Chromis dimidiata A 33
Chromis viridis o V4 716
Dascyllus aruanus < 4 33
Dascyllus marginatus = z 135
Neopomacentrus miryae © 4 909
Pomacentrus sulfureus V4 1
Pomacentrus trichourus O 85
Other Pomacentridae Z
Pseudochromidae C 75
Acanthuridae
Ctenochaetus striatus/Acanthurus nigrofuscus H 18
Zebrasoma sp. H 23
Other Acanthuridae H 4
Balistidae C 22
Caesionidae Z 33
Chaetodontidae
Heniochus sp. CO 2
Other Chaetodontidae CcoO 36
Labridae
Bodianus anthioides C 10
Coris aygula C 3
Cheilinus lunulatus C
Gomphosuse caeruleus p C 6
Labroides dimidiatus & C 3
Thalassoma sp. o C 28
Other Labridae C
Lethrinidae C 4
Mullidae C 47
Ostraciidae C
Pomacanthidae C 8
Serranidae
Pseudanthias squamipinnis 4 259
Variola louti P
Other Serranidae C 9
Scaridae H 39
Scorpaenidae C
Siganidae H
Tetraodonitidae/Diodonitidae H
others 33
Total 2638
Atherinidae P Z 300
Corals with fish 108
Corals without fish 94
* Cryptic - close to/hides within coral/rock

Pelagic - away from coral/rock

*%

NTOITOQOO
o

Carnivorous
Coralivorous
Herbivorous
Omnivorous
Piscivorous
Zooplanktivorous

SIRDR DI N DR ONINTI PRI 23T Nsw (82 hav

Table BS: Fish abundance of at the Coral Beach Nature Reserve.
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Figure C1: Map of the coastal-water monitoring stations in the territorial waters of
Israel in the Gulf of Eilat.
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Table C1: Locations of the coastal-water monitoring stations.
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Figure C2: Monthly pH values at all coastal water monitoring stations since October
2006.
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Figure C3: Monthly alkalinity at the coastal water sampling stations since 2004.
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Figure C4: Monthly concentrations of total oxidized nitrogen (TON) at the coastal water
sampling stations since 2004.
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Figure C5: Monthly concentrations of ammonia (NH,) at the coastal water sampling
stations since 2004.
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Figure C6: Phosphate concentrations (PO,) at coastal-water sampling stations since
2004.
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Figure C7: Monthly concentrations of silicate (Si(OH),) at the coastal water sampling
stations since 2004.
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Figure C8: Monthly concentrations of dissolved oxygen at the coastal water sampling
stations since 2004.
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Figure C9: Monthly concentrations of chlorophyll a at the coastal water sampling
stations since 2004.
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Figure C10: Salinity at the coastal water sampling stations since 2004. Gaps in the data
reflect failure of the analyticainstrument
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Figure C11: Temperature at the coastal water sampling stations since 2004,
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Figure C11: Secchi depth measurements at the coastal water sampling stations since
2004.
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Parasite

weight

length

fork

No. location | "0 o) Ie((r;r?]t)h sex | Scler. | Gyliauc. | Proc. | Cucul. | Opist. | Hexan. date

1910141 943 | 205 | 55 |ND| 2 1 19.10.14
1910142| u 100.3| 20 5.7 | ND 4 1 19.10.14
1910143| 183.4| 25 ND 4 4 19.10.14
1910144 109.7 | 21 ND| 14 1 19.10.14
1910145| 99.6 | 20 ND| 2 1 19.10.14
611141 Ul 179.7 | 24 7.5 | ND 11 6.11.14
611142 18] 179.3| 24 7 |ND| 10 2 1 6 6.11.14
611143 18] 273.8| 28 7 |ND| 3 5 6.11.14
611144 18] 232.2 | 28.5 8 |ND| 2 4 6.11.14
611145 18] 176.8 | 24.5 8 |ND| 9 5 2 6.11.14
911141 Ul 1126 | 21 6.5 |[ND| 1 5 9.11.14
911142 Ul 202.2 | 26 85 |ND| 2 7 9.11.14
911143 Ul 107.1 | 19.5 7 |[ND| 1 1 2 9.11.14
911144 1] 202.7| 255 | 85 |[ND| 4 1 2 9.11.14
911145 1] 108.4 | 195 | 6.2 |ND| 13 1 3 9.11.14
911146 Ul 155.6 | 24.5 8 |ND| 27 6 3 4 9.11.14
911147 Ul 54 16.5| 53 |ND| 16 3 2 9.11.14
112141 Il 108 20 6.7 | ND 1.12.14
112142 Ul 100.5| 20.5| 6.5 | ND 1 1.12.14
112143 1] 124 22 6.7 | ND 3 1.12.14
312141 Ul 175.3| 25 9 |ND 3.12.14
312142 Ul 174.7 | 28 9.8 |ND| 7 3.12.14
312143 Ul 234.1 | 27 8 |ND 3.12.14
312144 Ul 100.2 | 19 55 |ND| 12 3.12.14
312145 Ul 1125| 20 7.5 | ND 1 3.12.14
312146 Ul 105 19 7 |[ND| 2 3.12.14
312147 Ul 100.4 | 19.2 | 6.6 | ND 2 1 3.12.14

097 PW 1w 2ATA D713 0501 MW 922 .0%3T72 0°°Vn 29900 YW DY W 0T MY I 110N

TR R ,Gyliauchen sp. Pama AR 0PI YT D237 IRNAI KD AW 03

SRBIDI2OIINRIODT PR IR WA 1290 9372 1501 270U 123 9av
Table C2: Helminth parasites found in Siganusrivulatus sampled near the 1UL.

.7292 7R 372 X¥n1 Cucullanus sigani
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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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86



V27702 °17 NORN

W 91PNY Y ,N0TNT ON2°202 (221 T017) PRIR NIOR TR0 22277 221200 NOLIRG TV
2w 01 22070 ANWRI? Y0177 12nn 2009 R WTINA .0°21757 1% RY 2w IWIWwD
1 XIP1 NP onawn nn'T2) Operculina ammonoides a2 TP°wa 0°2»wi 019D
NIDTIVAN MDD PR ININRA 12177 % IR NIIRMIPIM M2 Assiluna ammonoides 77
WM QAT O1O? TV 197N 1377 22 o von L,(Operculina ammonoides 1mis% an:
D°21907 P 00w 80 1 40 NpMINAR INNA 010 0°07977 2750 WK ,2009 12n¥T2 72X
DIP°Wn D197 .0°2175:7 D an 0211 20 1 0 PRIna MIRYAIT NAANA 7781 PH2m 1IN 22217
P DINWA DT MINNA DY AP WNINT 0227000 IWRD LTPY0RI0 YW LR 90N AR
027 92192 19712 2IP°A2 MNP NN TN 20N

ST Y UPWI PPOTY BIAPTO2 02117 2577 00 XXl 2010-2012 912 mpRiw nincaTa
W40 1 W20 ,0 mann2 7°% nnana o°R¥N1 112370 2730 2°0197 190 O.ammonoides

DX VLYWW DRI NINDVY NITO MR DBOWTINI TR MW MTIPIR NP2 1IN0 M2°H2
22 PT LIAOT0 YW YA AN AM2AP O°NK 03791 MD NAOW ARYNI 2013 7772 19T I
awonn ,2013 59172 .590 01 2271971719 INEAI KXY VAT PW LW 219 HY .097190 2UnhI0
TN 093141 17,0011 AN O3 1M ,0INT0 0IAY 01NN 0097 190D , MDY INR? DOWTIN
2012 2 wrn

DIP°W2 10377 2175 NRYNT INROW DIPPWID NV 01 700 MNDVIWI INRD DIPPWh 0K
0°217577 D MPMINNRT MAMN2 LINT0 DIX7 0N QPO TIWYA NI WAL 0°217577 INROY
TIWYR N IRYAI MNDLOWT IRY ,NRT NAIWT D3N INRD MNP MIAMNAY FIW MR PO
7°%% N72°31,2014 5512 71w AR 1190w IRY 7272 7AW OX0 Mg 932 0730 o000
IRw2 2013 yop 5w A9RS 20217 22071, W80 1 W20 niamn2 vin°7o 0737 0°019;7 1502
(183 7rR) nanni

NID AMROW DONWRIT DWTIN2 DN TR KINTO2 220 DV YW NUIMAT 27TV
,79M 707 .0°°11N12 29719710 SW O TIWOR R 1T 712720W 2 DY oD XYY 1¥O2¥n 2021907
DIPWT .MM N1PN2°20 MY HY 1O TR PYav 192 017 Halophila oon awy 27vi
DIPPWA 1D°AT77 22190 NRYIT IROW DIPWIN N 1R MNDWIWI YW NOYIALT VI NRY
MPIIINT NIAAN2 73w INRY P2 VINTO0 DAY DN 0OWVID FIWYA N WD 03219577 RO
INEAI MNDVIWT INROY MWWIRNTL ,NRT DAY .M21PT NINN2 2°NIW K1 0321957 23P°nn
MR NI NRY 7292 7IW X7 NAMANT 992 2032 200D SOy N

SWa NPYPIRA FIIRN NIAN2 2OIW 17 22I9°°110 M2V NPV 019K N122A RN 90D
D°99M5 72 027123 2OTDYI0N PNAK T2 2211 1AM OTI197H NP0 N0 2O NTIAY MDY
SINNIRT WA PW 262 2O 2pY 2RI LIRT02

87



100

st Pid

S0 P, . .

N /

N

W80 }V\ k=T Tt ‘
1

DRIT NRY 79,2008 59197 D17 MM NIERNS WY WINITD QX7 21T 20U A50R (183 N
L2IRITPRY DRI QIRTN IRIIWT NP 2T V219

Figure C18: Live foraminifera individuals per gram dry sediment at sampled locations
since 2008, right after fish cages were removed from the area. Error bars are minimum
and maximum values.
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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 Peaeark 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/
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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.

99



Dissolved Oxygemmol/liter]

0 220
220
200
210
E
5 200
o
[¢D]
0O 400
190
180
600
! 170
: E g

20041 2005] 2006120071 2008] 20091 2010] 2011} 2012} 2013] 2014

PR MTIPT 2004 ORI TR A TINNS 297 NTIRYD ONIAT JRAMT 11592 2N 17T IR
STTOTIT PRI DR NIARN
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.

(pH .03 n1¥mIn nn) 8230 1Y
:Millero et al. (1993) 5w 77377 °97 pHyes N2P02 7721 12777 i (pH) maxt 7w
J12yn% 20017 91 P92 "N 11D IR 0°09Y .pHes = -log {H'}

D' N1 2Aa D' pHyy 'oawyy DB @' D Wi IRy 1Y nna
TaA(WMpIiyvanN NO' NN Y ANNDIINNAT MDY NN NMIYINY M
NILO'NNN NOY MPHEH? JTTIVT!' TN 1280 OO XMNIP)RIO&K2 D' DD
[30022Nn2112 nNn*yvan || p!

101



NN O3 NYOWIA 19 DI DOTITIT 072 WRA N 00101 995 7172 prawvn ona pH-n 0w
nTnva (pH) 7237 77 5w 92017917 7320 N1V 210W-212Y0 NN 0917 NTNYA NPT
JIWIT TN0IVIDT 28R 017N DUINWAN CIWW P ONIAT XA DW T2 ,2117 ,0m17 200

7w (107 91K) ' 100 -5 79 5w DOp@Iva ,popn SWIna 7w 177R1 2mat pH 0w
Q°3777 92172 NITN2 S19¥T 72 2N ,VOMIR WTIN2 8.209 17°7 A 1IN 7w 771 WK 22007
DT INIRA 717 02 pH Tl

L7177 2127977 372 D2IW2 T 200 NTINY 212797 ARYIND 7Y 2OpNAY 272 12T T
D°2IM1 PPUTY IR L NATIPA TIWD ARNWI2 YN D52 2°I1HYT 272 72T 2T TIWE 10 0900 19IRA
(117 97°R) LD WTIN2 °377 °2190 NIn2 8.229 5w v27n 77w 7701 72 2012 naws axnwn2

St.B St.A FF
pH pH pH
8.1 8.2 8.3 8.1 8.1 8.2 8.3
0 . . 0 0 ﬂﬁ
100 100 100
200 200 200
300 300 A 300
E 400 400 % 400
£
=3
)
0 500 500 - 500
600 600 -2 600
—*—Jan ~#- Feb
700 700 D" Mar Apr
—*— May —&—June
800 800 — July ~+ Aug
—*—Sep ~—%—Oct
900 900 Nov ~® Dec

N7 B 13m0 .newTims 2wam nahee 1TTRIR 950 2917 N7 NPRRIN Nt 0oy (107 AR
700-2 moynb Dw PRIYa 2MIRR/ITI/PRI 9w 297 D152 IRIRI A TN N1 TRMYT MR
.20un 50-2 Y paipa o3t nna FF mann ,a0mun
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 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 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 (NOjz) 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.

114



Si(OH) [mmol/liter]

‘4
3
E
e
o
(]
a 2
1
i
i
1 B

2004] 2005] 2006 2007] 20081 2009] 2010l 20111 2012 2013l 2014
MR NI MTIPT .2004 AR TR A TIMN2 297 DT AROROeT 119972 2w 1237 1R
STV PRI DN
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.

119



ChlorophyHa [nol/liter]

0
0.5
50
0.4
100
E
=
2 0.3
QO 150
0.2
200
280 0.1
i
B
m ‘ _ 1 g o

2004]2005]20061 20071 2008] 20091 2010120111 2012} 2013} 2014

DYIITRT MITIRAT L2004 AR TR2 A STINN2 297 DT @ DIB1ID 11992 2w 1277 TN
ST PR DR NIARMR

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 D31: Monthly phytoplankton concentrations of prokaryotes (Synechococcuand
Prochlorococcu$, and pico-eukaryotes in the water column at Station A.
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Figure D32: Monthly integrated phytoplankton abundances in the upper 250 meters for

prokaryotes (Synechococcuand Prochlorococcuy and pico-eukaryotes at Station A,

and their relative abundance since February 2012. Top i according to the cell count and

bottom 1 according to biomass.
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Figure D33: Monthly concentrations of hetrotrophic bacteria in the water column at
Station A.
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Figure D34: A double plankton net (*'Bongo™) towed from the boat in deep waters.
Photo: M. Chernihovsky
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Figure D35: 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).

128



"7

3192 MMIVIDAY N7 237WAT , NNV NITAT 0T DY YA NARWH D3PIV 000 NTINY
,0°0I0I NRDYIT - T TIN AN PNV OO0 QY D00 017 DY 2127 o1 RN 007
LN 20N 0O NIRRT ANV A2 INNWD L8N 0PNV 200 NIWYT PRIva LJwT Smn
T2 DOV DM TOW M 12 2127 YNNG 29X° 9R°0 21DW NI ,PI0nT 0172 2pnw
TARR 97977 9°2p21 , 200y 072 DOV 031X 211DV 0912 DOBINIVIT 0N T AW
DMIATY 012 AN DOV °T127 YW NPNIWA AP ARTI .0OPINYI 002 0PI 18N
DO W1 0°2°3720 2w 0110977 2991719 DR 172°N27 1319V 0910 NTINYA PURIRDIL e NPDIYIIRD
JTIWT TIRD 20 DTNy

D°0I™IVIIT NPRADT 12T WA PRW RYT NPNIW 297 ARRRTI DY V0w PV 0
PINY 2127V NKR? IRN — 02071 290-2 — 7177 DA DTIAY 212 T TIWT 03 . PRIvT N 1128w
AN .NANIW-2T AROR1T HW (MW7 NDIPN CWIHW) W TR 0% AR 702 .2012 niwa
oW 2w wow ,2007-8 20aw2 Pvay 2127 995,701 N°ION NIA0NA TN 10 WK ,0TP
2012 n1wa piay 21279 2w (2009-2011) 7177 2127

DOPYAYI 012 D0IMIVIT N NMyawn 710 2007-2008 2°1wa Py 21270 Mapya
DRIV O°M2 DOBIPIVIIT T2 0V 7771 191 INRW DIWA .02 0PI TRANT 119°0 9
277 N2 2004-2006 203w YW 0237 00737 1WA KD 2 OR L, IRDANT DO0MAT DOARDM
AT OWTIN DO DTNV DOVIOI0IT TARAI 21102 770 7N 2w 2012 nwa .ompn v
7277 773 73700 a0 2012 571 5102 MMBIDALT NPYY L NRT OV T .0ANAT XA 100
5D AR IRDANT D°0MAINT Q20T AR 2007-2008 W Pyays 212790 M2pYa WK NY
L0271 1M1 PRIV SN2 0N

STV YRR Y9V PRIYa R 00T PN 71T 0917 212 70 72 7Iwn awn
D07 NTIMY 9792 J¥NNT NARAY AR DY 071V 0°)2 0PI RN 911972 A7 77781 22apna
,2°D17170 W 9% 11 2O 2907 17721, 7170 212V AR OV .nTIRa vt aRnwna gy
71DXY IDIDIW MIDVLOW NITON TP MW AR 220 MWK ,NOPIZDIINIT OTID7N PNWR MR
SRP WM YONT

TR IR ,I9KR D°IW2 Prava 21279 AREIND 2007-2008 203wa 777 PRIva o NN
77070 D201 XY ,2012 Maw HWw pnya 212790 a8 DY .20 000 MMNI0n02 A9 77078 N77A]
00PNV D72 AMVIONY N0V DWW nAnT 72wnl 7awm ,000 07 500-1 0°p1nYn 00 NMI9Rua

129



S s X Xy D CEDE LR S = D B

50115 1.7

Pyimi“]a)
DONNPRT NNAY DW NOIWI IR PURIZOIYD NN DY IR DIW 27 7P¥7 2PN

mow

1°2 P12 2T PWVPIZPIL DT NI DOIPWD T 0°H2 @ 2°D1MPD NI KW N 370
7DXNT NN AP TP MOWT nn DR 23 5" 300 Hw 0on N SN MNPl ywn? annw
,NOPIZDINRIT NRXITH 100MM nwa 77 23Pn2a 2107 2010 PO WY YIa Lon-nng
5" 10-2 7wyl 99119377 1% .GF/F 21790 5 72317 92 nanon ow ,772vm2 777712 20X
NT>77 1127 DTN D 9912 5910 Nxk: .4°C -1 qwina myw 24 qwna Acetone (90%)
MY 37T MYENRA MP15)1 (Turner Designs TD-700) q0m1nIR1?92 NYRans 29171725 12
MIRPNTT QY VITIVO W

N2V AL IR 772 NMIPOOMY , 1988 NIw TR T NNDNNA M2V DA POIN00T M
.MV D290 Hw M yd nopnk

MR¥IN

LATIP MWD 172) IRIN2D WA O°7 2192 DP91MDI DW 0027 0110 17711 I 03
771 79% Ao .((17 1K) 1988 1R 221w 1°221 2012 1w H9R-70n 22w TIng Ny
32737 290117357 2M107 2% A1 0 11T MDY WP AR 933 ,°RD WTIN A0 KW
W 2 M7 TR 12) MATPA AR RN P Mvawn Tl ,0.86 mg/m® R mawa Tl WK
.0.77 mg/m3 7 oR™ wTIna Xown L(1.42 mg/m3

151 71 2012 nawa .y 2127y v 2°1w 2007-2008 -1 2012 203w 1 M In nopna
-5 937 227 0197 1197 TR 191K 79 AN 2008 nwa ,1.78 mg/m® v2mi Yoo

TT1 WK AN M T, 1.95 mg/m® 3 1 i 2007 naway 73 1.03 mg/m?
2000 NIw3a PV 2125 TRY

Daily Chl-a: 1988-2014

Chl a [mg m3]

X
‘?“\9 & P éo‘\ Oef’

NIWS - 2ITR P (OO IDIRT AR TIAD2) MROR NI MWW AT 2152 @ ID1ME 1101 (17 R
120w 20310372 90% 2123 N 17 ,(1988-2013) snaw 27 pxmn - P10 1R ,2014 wein
Figure E1: Chlorophyll a concentrations sampled daily at the Underwater Observatory
jetty in 2014 (red line) and the long-term average (1988-2013, green line). Black lines
mark the 90% of all accumulated data.
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Figure E2: Daily sea surface temperatures measured from the Underwater Observatory
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Figure E3: Top i Daily sea surface temperatures measured from the Underwater

Observatory jetty since 2002. Linear regression represents the long term trend of rising
SST since 1988 (data courtesy of Prof. Amatzia Genin). Bottom i Annual average SST.
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Figure E4: The meteorological station at the end of the 1UI pier.

SRUIDIOIIN-PI2T ST DR AT TIP MIMDIMINURT TAANT 1457 R

Description Manufacturer | Model
Wind monitor MA (speed & direction) Young 05106
Air temperature and relative humidity Campbell HMP45C
Casing for temp & RH Campbell 41003
Barometric pressure Young 61202
Barometric pressure port (to minimize wind effect) | Young 61002
Global radiation Kipp&Zonen CM11B
UV radiation Apogee SU-100
PAR radiation Li-Cor LI1-190SA
Water pressure Campbell CS455
Water temperature Campbell 108

Data logger Campbell CR1000

SRWIDIZINIR-P27T PIORT DR AT IR NIMDITIRVAT TIANT IR 29293707 2IWAIT N 117 93w
Table E1: Setup of the meteorological station at the end of the 1UI pier, list of sensors.
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Figure E7: Maximum daily global radiation (top), ultraviolet radiation (middle) and
photosynthetically available radiation (bottom).
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humidity over the sea.
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Figure E9: Maximum and minimum (red and blue, respectively) daily water
temperature at ~2m depth.
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close to the surface at 6m) in the months August to December. Rose Diagrams present
the frequency of a given direction by the size of petals (each covering 30°) and the
frequency of current velocity by the colored area in each petal.
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Figure E13: Weekly dust concentrations in the air above the sea. Dust is measured on
filters through which air is continuously pumped.
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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, 2014.

Eilat
Genus IUI Katza NR Total
Acanthastrea 21 16 11 48
Acropora 83 138 222 443
Agariciella 1 2 3
Alveopora 1 1
Astreopora 6 5 19 30
Balanophillya 1 1
Blastomussa 1 1
Coscinaraea 15 6 8 29
Ctenactis 4 4
Cynarina 1 2 3 6
Cyphastrea 117 74 66 257
Echinophyllia 3 6 5 14
Echinopora 11 73 160 244
Favia 120 40 48 208
Favites 86 116 72 274
Fungia 1 2 1 4
Galaxea 2 9 5 16
Goniastrea 41 60 126 227
Goniopora 6 15 13 34
Gyrosmilia 50 2 5 57
Herpolitha 1 2 3
Hydnophora 2 3 3 8
Leptastrea 31 22 20 73
Leptoseris 3 1 4
Lobophyllia 13 50 63
Millepora 55 3 6 64
Montipora 51 129 141 321
Mycedium 12 25 37
Oxypora 1 1 2
Pachyseris 1 1 2
Pavona 5 83 15 103
Platygyra 9 9 14 32
Plerogyra 2 2 4
Plesiastrea 16 14 16 46
Pocillopora 29 7 13 49
Porites 46 58 85 189
Psammocora 6 37 43 86
Seriatopora 12 1 13
Siderastrea 21 2 23
Stylophora 130 127 128 385
Turbinaria 3 3 6 12
Total 969 1106 1345 3420
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Table G2: list of colonies (of all types) that were recognized in all permanent photo-sites,
in 2014.

Genus NB Dekel | Katzaa NR Ul Taba | Total
Acanthastrea 0 1 3 4 21 0 29
Acropora 5 33 49 87 15 8 197
Alveopora 1 1 1 3 0 10 16
Astreopora 2 0 0 5 2 1 10
Balanophyllia 1 2 0 2 1 0 6
branch sp. 2 1 21 13 7 0 44
Coral sp. 0 0 0 0 1 1 2
Coscinaraea 1 1 0 1 2 2 7
Ctenactis 0 0 0 3 0 0 3
Cyphastrea 2 10 17 3 61 18 138
Echinophyllia 2 5 1 1 3 8 20
Echinopora 6 15 32 69 14 5 141
Favia 6 10 16 10 81 31 154
Favites 11 14 49 31 59 17 181
Fungia 0 0 5 3 1 2 11
Galaxea 2 1 4 1 0 0 8
Goniastrea 14 18 28 77 97 44 278
Goniopora 0 4 0 3 0 0 7
Herpolitha 0 0 0 2 0 1 3
Hydnophora 2 0 0 0 0 6 8
Leptastrea 6 0 11 6 46 11 80
Leptoria 0 1 0 0 2 1 4
Lobophyllia 7 6 6 8 6 0 33
Lobophyton 0 0 0 1 0 0 1
Millepora 0 3 1 2 35 45 86
Montipora 1 16 40 32 7 6 102
Mycedium 2 2 7 4 0 0 15
non branch sp. 1 8 19 17 28 15 88
Oxipora 1 0 0 0 0 0 1
Palythoa 1 0 0 1 2 3 7
Pavona 0 5 15 14 3 2 39
Platygyra 10 4 0 7 25 13 59
Plerogyra 2 1 0 0 0 0 3
Plesiastrea 0 0 4 4 10 2 20
Pocillopora 2 4 2 12 7 9 36
Porites 13 32 15 16 9 19 104
Psammocora 2 3 1 1 1 0 8
Rhytisma 0 4 5 22 2 5 38
Sarcophyton 0 0 2 1 1 2 6
Seriatopora 0 0 6 8 0 0 14
Sinularia 0 0 2 0 0 0 2
Stylophora 6 6 27 21 43 16 119
Tridacna 0 0 0 0 0 1 1
Tubastrea 0 0 0 0 1 0 1
Turbinaria 2 0 0 1 0 0 3
Xenia 2 23 27 81 5 0 138
Total 115 234 416 604 598 304 | 2271
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