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The Israel National Monitoring Program in the Northern Gulf of Aqaba
Funded by Israel’s Ministry of Environmental Protection

Scientific report 2011

Dr. Yonathan Shaked, Program Manager
Prof. Amatzia Genin, Scientific Director
(March, 2012)

Introduction

This report describes the work and results of the Israel National Monitoring
Program in the Gulf of Agaba (Eilat) — NMP —in 2011. 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 are given in English.

This was the eighth year of standard monitoring operations by NMP, in which
data is collected using similar 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 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. Most of the proxies used to evaluate the state of the coral reefs in Eilat
indicate stability or a slight increase over the past eight years. Nevertheless,
several points worth following closely are listed below:

a) Live coral cover has has gradually increased since 2004, while this year
saw a slight decrease compared with the previous year (however, live
coral cover remains higher than in 2009). Normalized coral cover (over
hard substrate) has also increased since 2004, particularly between 2006
and 2007. This year’s normalized cover is similar to that found in the
previous year.

b) Coral cover at the IUI sites, which initially had the lowest cover, shows
progressive increase. The nature reserve (NR) sites still have the
highest normalized cover.
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d)

g)

h)

)

Coral colony density remains without significant change in the past few
years. This year’s coral density is slightly higher than in the previous
year. No clear correlation was found between coral density and cover in
the monitored sites.

Non-branching stony corals vastly outnumber branching corals and
dictate the coral’s size distribution at the monitored sites. The IUI reefs
are dominated by the “small” size fraction, whereas at other sites the
biggest fraction is “medium” and at some the “big” size class is larger
than the “small” class. At the NR-5 site, “large” corals form the biggest
size fraction and this is the site with the highest live cover.

At the TUI sites normalized coral density is high (especially at the
shallower two sites, IUI-5 and IUI-10) and coral cover is the low
(especially at the shallow sites).

Throughout the monitoring period (since 2004) there has been a slight
drop in the fraction of “small” corals, driven by a decrease in number.
This could point to a shortage in the supply of new recruits to Eilat
reefs.

Live tissue index (LTI) for coral health has further declined this year.
This could result, in part, from a smaller fraction of “small” colonies
that commonly have a high LTI

This was the fifth year of monitoring surveys at the reef table (reef flat)
of the nature reserve (NR), showing no significant changes in coral
cover and substrate utilization during that period.

At most photo-sites a gradual decrease in live coral area has been
documented over the past eight years. This is more so for branching
than non-banching corals. At the Dekel, Katza and Nature Reserve
photo-sites there has been an increase in the area of non-branching
stony corals.

Death of individual coral colonies outnumbered recruitment of new
colonies at most photo-sites (excluding the sites at Katza and Taba).

2. Species composition and species diversity in the monitored sites are mostly
stable, with no significant changes found in the past eight years. There are
however, several processes worth following:

k)

D

A significant decrease in the cover of Acropora was observed at all
photo-sites. Acropora spp., which used to be the most abundant coral at
the photo-sites, has decreased by ~50% in cover relative to 2004. Since
2008 Goniastrea has become the dominant taxon.

At the Nature Reserve lagoon a sharp decline in the number of coral
colonies has been observed in the past two years, especially for the coral
Stylophora pistillata. As this is by far the most abundant coral at the
lagoon, a decline in its abundance dictates a corresponding decline in
the total coral abundance, concurrently with an increase in the local
species diversity.

3. While the population of sea urchins increased during the first years of
monitoring, it has substantially declined in the past three years. Their density
this year was the lowest measured since monitoring started in 2004. Diadema
setosum is the most common sea urchin in Eilat, and it’s population has been
the most severely effected.

4. The growth potential of benthic algae, as indicated by settlement over plates
protected from the effects of grazing, remained low this year — particularly
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when compared to the years 2007-8. The likely reason is the shallow vertical
mixing during the past three winters.

Coastal water

5.

10.

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. Accordingly, the concentrations of most variables
(nitrogen, phosphate, silicate) are higher in the surface waters during the
winter. This year, as in the past two years, mixing of the water column was
shallow, affecting most of the measured hydrographic variables.

This year fewer abnormal concentrations were measured in Eilat’s coastal
water, compared with 2004-2007, and the values of abnormal concentrations
was much lower as well. Abnormally high values of nutrients occurred in
March this year at the Fish Farms sampling station, likely indicating an input
of nutrient-rich waters from land.

This year the survey of parasites and pathogens in wild rabbitfish was
conducted by the monitoring team, under the guidance of Prof. Arik Diamant
of IOLR. A rise in the number and richness of intestinal heteroxenic fish
parasites has been documented in the past two years, accompanied by an
increase in their prevalence. A drop in the occurrence of heteroxenic parasites
may indicate damage to an ecosystem needed for them to complete their life
cycle. Thus, their proliferation indicates local availability of healthy ecological
niches.

Of the 21 wild rabbitfish (Siganus spp.) examined, only one was suspect of
carrying the harmful mycobacterium that was once common in local wild fish.
In the bi-annual survey of metal concentrations in the water and sediment of
the Eilat Marina an increase in Fe concentration was detected. Concentrations
of Cu in the Marina water were still higher than the Mediterranean standard
(there is no standard for the Gulf of Eilat).

For the past two years, the NMP supported the monitoring of the benthic
community where the fish farms used to be (at the northern beach of Eilat).
This monitoring started as part of Shai Oron's M.Sc. research in 2008. Since
the completion of her thesis (see Appendix G4, in the NMP annual scientific
report 2010) the NMP supported the continuation of her monitoring in the
field, with the sample analyses being done by S. Oron and collaborators. This
year, the number, size and diversity of live specimens in the sea floor
sediments continued to increase, with a noticeable return of sea grass medows
with their associated fauna.

The deep sea water column

11.

12.

13

Annual dynamics of variability in concentrations of nutrients, dissolved
oxygen and phytoplankton population in the open waters are controlled by the
seasonal mixing cycle. Following two years of deep mixing (2007-8), the
mixing in the past three winters was shallow (~320m this year).

Sea surface temperature this winter was relatively high. At intermediate depths
(400-500 m) pronounced warming trend continues. A smaller gradual rise in
temperature was observed in deeper waters.

. A new salinometer was acquired by the IUI with the aid of the NMP,

producing measurements since July 2011. During the months in which the old
salinometer was non-operational salinity were measured in situ with a CTD.
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This summer a slight increase in salinity was noticed and the characteristic
"minimum salinity" water layer was not apparent.

14. Shallow mixing this year facilitated continued drop in dissolved oxygen
concentrations in the deep waters, observed since the deep mixing of 2008.
Alkalinity and pH also declined.

15. Concentrations of dissolved nutrients in the deep water have been rising
gradually since 2008, when a deep vertical mixing reached the sea floor at
Station A. Nutrient inventories measured at “Station A” have reached similar
values to those of the early years of monitoring, before the deep mixing of
2007-8, but the rate of inventories replenishment is lower than pre-2007.

16. The phytoplankton bloom occurred relatively early this year (in March).
Maximum primary productivity and highest concentrations of zooplankton
were also measured in March.

17. This year's annual primary production in the water column (based on monthly
measurements) was 144gC/m”/year, similar to that of last year. This value is
~70% higher than those measured in the 1970s to 1990s, but 20% lower than
values measured in 2000-4.

18. Beginning in March, regular monthly measurements of zooplankton
concentrations [mg(ash-free dry weight)/m’] in the upper water column were
conducted by the NMP, constituting a significant addition to the monitoring
program. Zooplankton is an important link between primary producers and
higher trophic levels in the water column.

19. A work contract was arranged this year between NMP and the Flow-
Cytometery Unit of the Technion (Haifa) to measure cell counts of
phytoplankton and heterotrophic bacteria. In this report counts from the
months of April, june, July and August are presented, with the remaining
samples from previous years (kept in a -80°C freezer) scheduled to be
processed during the next year.

Continuous measurements

20. The phytoplankton bloom, seen as a maximum in sea-surface chlorophyll-a
concentration, occurred relative;ly early this year (in March).

21. Sea surface temperatures were relatively high in the winter at the beginning of
the year, but by the end of the year (November-December) were relatively
lower than the multi-annual average. While shallow mixing was observed in
2011, deep vertical mixing is expected in 2012.

22. Sea surface temperature (SST) measured daily off the pier of the Underwater
Observatory for more than 20 years shows a long-term rise (ca. 3°C/100
years). This year's annual mean SST, however, was 0.74°C lower than in
2010.

23. Continuous measurements of sea water temperature off the IUI pier (at ~2 m
depth) show that the minimum temperature in 2011 was similar to that of 2010
and ~1°C higher than the minimum temperature of earlier years. The
maximum temperature, however, has not changed significantly, implying that
the temperature range was relatively narrow this year. This is also true for the
air temperature at the IUI pier.

24. The ADCP current profiler deployed by the NMP last year was partly flooded
and sent abroad for repair. Therefore, NMP was unable to collect continuous
current measurements this year.

25. Continuous monitoring of suspended dust particles above the sea is done at the
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IUI since 2006, and dust concentrations are available to the NMP. During this
period an annual cycle is observed, with higher dust concentrations occurring
during the spring, lower during summer, and rising again in autumn months.
This year's maximal dust concentrations were lower than those of previous
years.

General

On July 25-26, 2011, an estimated 17m”> of ship fuel was spilled from a
docked ship at Eilat. Rapid action by the Ministry of Environmental
Protection's Pollution Control Unit, together with the Nature and Parks
Authority, contained the spill and an approximate 12-15m3 of the fuel was
removed from the sea. The remainder was trapped beneath the port's pier and
dissipated over the following weeks. This incident is reported in Appendix
G.3.

A new syndrome in fire corals of the peicies Millepora dichotoma was
identified at the Gulf of Eilat by Dr. Assaf Zvulony of the Nature and Parks
Authority working together with the NMP, and was published in the
professional literature. The syndrome is characterized by bleached spots
scattered over the coral's surface, whose number and size increase as the
syndrome progresses. The nature of this syndrome — named "multi-focal
bleaching" — and its possible concequences is yet to be determined. An
abstract of this publication is presented in appendix G.4.

The move to utilize custom-designed GIS software to analyze sequences of
photos from the permanent photo-sites at the Eilat reefs is almost completed.
Development of the GIS platform is contracted to the GIS department at the
Hebrew University (programming by Tali Aviram and Adi Ben-Nun). Photos
of the last two years have been processed using the new system, and back-
processing of older photos is commencing.

The NMP added monthly measurements of zooplankton concentrations and
phytoplankton cell counts to its deep water column monitoring scheme this
year. These constitute a significant addition to the monitoring program and
will assist in characterizing the deep water column and evaluating its
ecological state.
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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 IUI (1), the Nature Reserve (2)
and the oil terminal (3). Black scale line is 100 m.
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Figure B2: Divers during sampling of line transects at the IUI (A) and the nature
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underneath the line-transect to a resolution of 1 cm. Photos: Dana Reef.
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Figure B3: 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
2004-2011. Differences between years are significant, as is the interaction between years

and sites (two-way ANOVA, P=0.026) 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 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.
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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-

ANOVA results (least square means) for substrate utilization by corals in the years

2004-2011. changes over time are significant and the interaction between years and sites

is not significant (two way ANOVA, P=0.057) meaning sites do not 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 — 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 2004-2011. Annual values
for “All Sites” differ significantly in an ANOVA test (least square means).
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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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Averages Average
Site Katza1l0 Katza20 NRS5 NR10 NR20 IUI'5 IUI10  I1UI15 Katza NR 1V} Eilat
Transects 13 11 13 23 13 16 10 15 24 49 41 114
Stony coral 21.4 32.8 45.5 8.5 30.1 19.9 16.0 14.2 26.8 24.0 16.9 22.0
stdev 7.5 5.5 11.9 4.0 7.7 4.9 4.4 4.3 8.7 17.5 5.1 131
SE 21 1.6 33 0.8 2.1 1.2 1.4 1.1 1.8 2.5 0.8 1.2
cv 0.4 0.2 0.3 0.5 0.3 0.2 0.3 0.3 0.3 0.7 0.3 0.6
Octocoral 1.8 2.3 1.5 2.3 5.1 0.2 0.1 0.6 2.1 2.8 0.3 1.8
stdev 1.8 2.5 1.7 2.2 4.3 0.4 0.2 0.8 2.1 31 0.6 2.5
SE 0.5 0.8 0.5 0.5 1.2 0.1 0.1 0.2 0.4 0.4 0.1 0.2
cv 1.0 1.1 1.2 1.0 0.9 1.8 1.6 1.2 1.0 1.1 1.7 1.4
GRV+Sand 46.5 26.6 18.1 77.4 40.3 37.7 52.2 65.7 37.2 51.8 51.5 48.6
stdev 14.5 11.7 9.2 8.4 12.6 19.0 14.4 12.5 16.6 27.4 19.7 234
SE 4.0 35 2.6 1.7 3.5 4.7 4.6 3.2 34 3.9 31 2.2
cv 0.3 0.4 0.5 0.1 0.3 0.5 0.3 0.2 0.4 0.5 0.4 0.5
Rock 24.9 31.5 24.7 9.2 19.0 36.4 28.2 13.8 27.9 15.9 26.1 22.1
stdev 9.5 5.8 11.3 5.5 5.6 18.4 12.8 7.6 8.8 10.0 16.9 13.7
SE 2.6 1.7 3.1 1.1 1.5 4.6 4.0 2.0 1.8 1.4 2.6 1.3
cv 0.4 0.2 0.5 0.6 0.3 0.5 0.5 0.5 0.3 0.6 0.6 0.6
Dead Coral 5.1 6.7 9.7 24 4.9 5.5 3.2 5.1 5.8 5.0 4.8 5.1
stdev 3.0 3.8 4.1 1.9 2.0 2.5 1.3 3.6 3.5 4.0 2.9 3.5
SE 0.8 1.1 1.1 0.4 0.6 0.6 0.4 0.9 0.7 0.6 0.5 0.3
cv 0.6 0.6 0.4 0.8 0.4 0.5 0.4 0.7 0.6 0.8 0.6 0.7
Normalized
Cover 41.8 46.2 57.0 44.1 55.6 34.8 37.3 46.0 44.1 50.6 39.5 45.2
stdev 11.9 3.6 14.0 19.8 6.8 12.6 17.3 14.0 9.4 16.7 14.9 15.5
SE 33 1.1 3.9 4.1 1.9 3.2 5.5 3.6 1.9 24 2.3 1.4
cv 0.3 0.1 0.2 0.5 0.1 0.4 0.5 0.3 0.2 0.3 0.4 0.3
Density 22.9 42.6 31.9 8.8 31.6 28.6 21.4 19.5 31.9 21.0 23.5 24.2
stdev 6.7 10.8 4.1 4.7 8.1 7.6 5.0 3.8 13.3 12.8 23.5 11.9
SE 1.8 33 1.1 1.0 2.3 1.9 1.6 1.0 2.7 1.8 7.1 1.1
cv 0.3 0.3 0.1 0.5 0.3 0.3 0.2 0.2 0.4 0.6 1.0 0.5
Normalized
Density 44.7 59.7 40.5 44.2 58.6 49.5 48.2 64.2 51.4 47.1 54.6 50.7
Stdev 8.4 10.3 7.0 15.5 8.6 17.1 15.3 18.5 12.1 13.9 18.4 15.6
SE 2.3 31 1.9 3.2 24 43 4.8 4.8 2.5 2.0 2.9 1.5
cv 0.2 0.2 0.2 0.4 0.1 0.3 0.3 0.3 0.2 0.3 0.3 0.3

SNWOT RWR YODRT BT '[ﬂN‘? NSIMWST SNRD 291 92072 IDONIW Y197 NIN1 2190 122 moaw
ay (PR 2R bw :15’2?) ANR NN DWW 2IDAMT 902 1TTAIY DOWRINAT DTN 2R 2N
"oyt ,@vatn 10 W A2 NAWR DDA NINSI NIDIDX .MIWT ATPRY JPNT NROAR LIPNT DMUMD
TP VIR M2V KT
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. Density is the number of colonies in a 10m transect, “Normalized” is for
hard substrate.
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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 B11: Top: Changes in the average size frequency distribution of coral colonies
between 2005 and 2011. Size groups are: Small<5 cm; 5 cm <Medium< 15 cm; 15 cm
<Large< 30 cm; Huge>30 cm. Bottom: Changes in the “Small” size group.
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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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Coral Health: Live Tissue Index
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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 2004-2011.
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Figure B14: Top- A comparison of the Live Tissue Index in corals of different size class.
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Figure B15: The Shanon-Wiener diversity index of coral taxa estimated for each site by
the EstimateS software (Colwell, 2005 ;http://viceroy.eeb.uconn.edu/EstimateS).

2W "0 TR 770 *5% 162 71R2 2°¥°01 W7 MUW2 N2 DOXIDIT D AAIRT 30 2wy
Pn DR 0NN Acropora SAnPRY MK %3 X131 .2011 nawa ovanhRa 5935 oma 9K 090
nRan ,(MNINRT 22WT NRWD 77072 ,73wn 19.5%-) 000 223nHR Pw 0997 01 IR
DP3N2RT O DMWY DR 73087 32 77720 10712 19IR VIPMIT A0 712 PRI MINM NOR DANIRT
NPW PR %D IR MNP 2°IWD IR .INR 932 07w M0°07 TR IR MW7 7Uw3A 0°¥I90I0
TN DOXIDIT DONNAORT DMWY ,NDORD D2AMIR N0 42 1IP0I I LA 25772 Mvawn
DR W37 T 772 .NDPRA DNIRT 2751 (FT70TA0 00 DY 7711 TR °97) 92%-3 ominn
Q2R D0 NPIWA 20100 A WY 27T NYOARA 0°7°T37 2010 W omawn

30



Taxa Abundance (by length)
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Figure B16: The twenty most abundant coral taxa in the reefs of Eilat (according to

their cumulative measured length in the line transects of 2004) in the years 2004-2011,

arranged according to their abundance in 2011.

Averages Average
Katza Katza NR
10 20 NR 5 10 NR20 IUI5 IUI10 IUI'15 | Katza NR 1UI Eilat

Acropora 5.96 4.70 8.59 284 6.58 2.45 3.36 1.61 5.38 5.36 2.36 4.29
Stylophora 2.72 3.04 3.32 0.33 1.08 3.07 2.53 1.97 2.86 1.32 2.53 2.08
Montipora 2.65 4.73 1.45 0.58 5.94 0.61 0.64 0.65 3.60 2.23 0.63 1.95
Echinopora 1.71 4.05 495 0.33 2.62 0.47 0.10 0.15 2.78 2.16 0.26 1.61
Lobophyllia 0.26 1.04 10.29 0.28 0.30 0.01 0.12 0.05 0.62 2.94 0.05 1.41
Goniastrea 0.40 1.10 451 0.72 1.65 0.97 0.39 0.06 0.72 1.97 0.50 1.18
Favites 0.97 3.17 0.92 0.42 1.57 1.17 0.96 0.63 1.98 0.86 0.92 1.12
Porites 1.12 1.35 213 0.14 3.20 0.08 0.54 1.11 1.23 1.48 0.57 1.10
Favia 0.35 0.63 1.09 0.43 0.51 3.03 0.75 0.89 0.48 0.63 1.69 0.98
Cyphastrea 0.67 1.98 0.94 0.28 1.02 1.36 0.98 0.43 1.27 0.65 0.93 0.88
Pocillopora 0.24 0.27 0.27 0.51 0.09 1.38 1.71 1.68 0.25 0.34 1.57 0.76
Leptastrea 0.45 1.11 0.65 0.07 0.43 1.03 0.94 0.76 0.75 0.32 0.91 0.62
Plesiastrea 0.60 0.92 0.27 0.13 1.35 0.21 0.21 0.00 0.75 0.49 0.13 0.42
Mycedium 0.85 0.08 1.82 0.01 0.00 0.00 0.00 0.00 0.50 0.49 0.00 0.31
Astreopora 0.05 0.26 0.16 0.25 1.06 0.20 0.28 0.25 0.15 0.44 0.24 0.31
Acanthastrea 0.12 0.39 0.18 0.09 0.55 0.64 0.26 0.17 0.25 0.24 0.37 0.29
Platygyra 0.25 0.00 0.44 0.28 0.17 0.71 0.06 0.12 0.14 0.29 0.33 0.28
Millepora 0.02 0.05 0.31 0.10 0.04 0.69 0.38 0.55 0.03 0.14 0.56 0.27
Gyrosmilia 0.00 0.00 0.00 0.18 0.09 0.01 0.15 1.33 0.00 0.11 0.53 0.24
Psammocora 0.32 0.35 0.38 0.07 0.72 0.06 0.00 0.10 0.34 0.33 0.06 0.23
| Stony Corals 21.72 32.70 45.47 8.48 30.06 19.85 16.02 13.99 | 26.75 24.02 16.77 21.99

b52 27O YRVART MO TN ,MWILT AUW2 (MO TR I5) 2IXIDIT 2IMNORT 2wy 32 7oaw
MWL INRR 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 B17: Cumulative percent cover of live corals, sand, rock and dead corals. Values
are averages of line transect values.

32



45 -

Reef Table Coral Cover

m 2007
m 2008
w2009
m 2010
m 201

Live Coral (%)  Live/Available Colonies/10m Colonies/10m
(96) Consolidates
Substrate

.2007-2011 2%3wa no1ms 322 MaRn» NIDIDNY QIMRORT NS0 1IN 1182 N
Figure B18: Percent cover of live corals, and density of coral colonies on the reef table.
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Figure B19: Shanon-Wienr diversity of stony corals in the years 2007-2011.
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Rank | Reef Front Reef Table

1 Acropora Acropora
Stylophora Platygyra

3 Montipora Stylophora
4 Echinopora Porites
5 Lobophyllia Hydnophora
6 Goniastrea Favia
7 Favites Favites
8 Porites Goniastrea
9 Favia Acanthastrea
10 Cyphastrea Echinopora
11 Pocillopora Leptastrea
12 Leptastrea Seriatopora
13 Plesiastrea Pocillopora
14 Mycedium Millepora
15 Astreopora Montipora
16 | Acanthastrea | Cyphastrea
17 Platygyra Pavona
18 Millepora Asreopora
19 Gyrosmilia Alveopora
20 Psammocora | Echinophyllia

JIIN5T YRR NYT NRTR NN (Qi-R-Ralii ‘9’7) QIRIDIT DINRONRT 2D 142 TRan
Table B4: The twenty most abundant corals (by cover percentage) at the reef table and
the reef front sites.
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Figure B20: Sites of the photo-survey of coral reefs along the Eilat coastline (green
markers).
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Figure B21: A set of photographs from one of the photo-survey sites in the
nature reserve reef (2004 top, 2005 bottom). Among the observed changes are
partial mortality of the massive coral Platygyra 1 (top center), and growth of
two colonies of the branching coral Acropora 1 and 2, (center and top right
respectively). In addition, a few colonies are missing from the bottom picture
(2005), and some are new settlers that appear only in 2005.
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Figure B22 : Eight years of documentation at permanent photo site Nature Reserve,
point A, looking west.
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Site No. of Branching stony Non-branching stony | All colonies (stony, soft
Pictures corals corals and others)
No. of Area (k- No. of Area (k- No. of Area (k-
colonies pixels) colonies pixels) colonies pixels)
NB 12 19 498 135 12571 161 14483
Dekel 14 44 4890 138 22823 202 29694
Katzaa 24 78 5922 285 14309 406 21616
NR 23 115 13763 325 19291 546 35993
Ul 20 83 3579 471 9113 632 13192
Taba 18 36 3927 244 14616 381 21278
Total 111 375 32579 1598 92723 2328 136256
Site No. of Branching stony Non-branching stony All colonies (stony, soft
Pictures corals corals and others)
No. of Area (k- No. of Area (k- No. of Area (k-
colonies pixels) colonies pixels) colonies pixels)
NB 12 9 125 83 3445 97 4134
Dekel 14 14 1136 60 7074 80 8410
Katzaa 24 50 1722 209 8263 294 10785
NR 23 57 3256 207 9293 338 14577
Ul 20 53 1245 344 6430 455 8078
Taba 18 17 1289 147 5862 228 8377
Total 111 200 8773 1050 40366 1492 54361
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Table BS: Summary of the areas and number of corals surveyed in the 2011 photo-
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survey session. The “area” of a colony is its pictured area. Areas are given in pixels to
allow for inter-annual comparisons and to avoid inaccuracies of calibration to “real”
surface area. Top: the data for all colonies, Bottom: the data for colonies considered in
“growth” calculations.
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Figure B23: Distribution of the main taxa groups comprising reefs at the permanent

photo-sites in 2011, according to the relative (percent) area which they occupy.
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Figure B24: Colony recruitment and death for all corals (top) and for stony corals only
(bottom) at the photo-survey sites in 2011. To allow a comparison between sites the data
are presented as percent of the total number of colonies at each site.

,"Mowa ewn" 1905 ,(Mawnm amnn H210) 030 31 QUNPR YW NN Iwa oMW
nwya 72 2004 n1wa 7781 WK muws Jon 2011 MnN2 7R3 70w 0 000 07 Y 2w
MYINY 727 2N 7 21K MW DW 2777 1907 .MIIAN TR 2 ANWRIT 2021280 D700
AT DRI MP0aN 22 172 ARYEAN YW DPRIPR

MR MIXIAPA 2WWTA L2790 772,207 WRT AR 00007 ORI TOw 2w
1AW INRA 0°07 DANOR VWA 777 020 17X (252 70R) DUTINR MIRD 7Y 0T JaRT
DPDNVA-RY DO M2R M2V 2p77 RREP 77w, JUT 277082 X311 12K 23009K W anowa 71703
72 AT M0 DWW 00NN 20NRT 792 2004 naw TRA 777 2201V DOMRIRA MY
YI2XIY WY TR MRIP HW II0wa 2173 ,1AR SAINORD DM WR AR %37 2Y0PR 20hwann
1WA NIRRT 17290 TI072 10K 1 3 JART OA0R ST 1w now "wiano" Hy

7AW RREP 907 0°INR2 2UD1WN-RDT 1IN YA00KR T0Wwa 1708 R¥A1 ANIART TI1w2
727 77°12 021721 ,2°A918A7 DOINRA 922 ARG 7IW3A 777 2°ONYNT 2OAYRA MY 7292
(262 1K)

41



400%
300%
200%
100%

0%
-100%
-200%

500% -

e

Coral area change 2004-2011

MNB Dekel Katzaa NR 1]

mBranch mMillepora mNon-branch mSoft

Taba

2OMRDRT IO WASTS DIIWITR MUR AW LINK DO2 2OMRDRT LR 02 PRIMRT MW 1252 1R
2R 01,2004 nawa 2o3mbRT muw vpen 2004- 2011 2%w7 192 73N TRIN
Figure B25: The average change in live cover for each site. Area changes are the
difference in colony area between colonies of a single site between the 2004 photo and
the 2011 photo, normalized by the colony area of the 2004 and given as percent change.
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Figure B26: The average change in live cover for each site in the past year. Area changes
are the difference in colony area between colonies of a single site between photos of this
year and the previous year, normalized by the colony area of the previous year and
given as percent change.
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Figure B27: The twenty most abundant corals (by area) in the 2004-2011 photo-surveys.
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Figure B28: 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
quadrates).
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Figure B29: The average density (colonies/square meter) of the dominant coral genera
found in the lagoon in 2004 - 2011. Top: the dominant coral taxa, bottom: year to year
changes are statistically significant (ANOVA).
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Figure B30: Relative abundance (by colony number) of the 10 most abundant coral
genera in the lagoon (these total 95%).

Species N  Relative abundance (%) N/m?
Stylophora | 53 26.77 0.52
Rhytisma | 38 19.19 0.38
Millepora 37 18.69 0.37
Favia 23 11.62 0.23
Favites 10 5.05 0.10
Seriatopora | 8 4.04 0.08
Acropora 7 3.54 0.07
Astreopora | 6 3.03 0.06
Cladiella 6 3.03 0.06
Echinopora | 2 1.01 0.02
Goniastrea | 2 1.01 0.02
Cyphastrea | 1 0.51 0.01
Montipora 1 0.51 0.01
Pavona 1 0.51 0.01
Pocillopora | 1 0.51 0.01
Sympodium | 1 0.51 0.01
Xenia 1 0.51 0.01
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Table B6: The number of colonies, relative abundance and average density (colonies
per square meter) of the coral taxa found in the lagoon.
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Figure B31: Changes in coral diversity in the lagoon since 2004, according to the
Shanon-Wiener index, estimated using the EstimateS software.

niIpoM 11°7
(2010) naTIPa MAWnN 2 072 720X ANA92 DAMPRT N2 AN MININRT 2PNIWwS 7Y
20792 Stylophora pistillata *031M1T MA2RT NDDXY L5902 DONNORT MDY 777 7777 IRENA]
NR NM2°N57 IN0122I182 MITIN ,ANRP2 D77 IRWA 72772 791 Stylophora MnRa N2
TYOXDT MIAPY WK ,D°1NT AN TTAT TV DR O3 791,7922 3197 11202 09017 00w
DOAMORT MID OX NI°2T 77770 ° 1907 AN MANT 10T MW 3037 Stylophora NnPR2
4-57 DPTITIT DONIRA 52 NMINIART DNIWA WADW MPIA NIAINT NIIY0 2PV 773 7872
.71 Dw 119X P00 TIRY 0on
T3 AN 0D Stylophora MAWIM DRI MAWINT 1D0RA T NI PN TR0 KV
T Stylophora MR NPOPR ,NRT QY 71 ."720" 7 A0 AR N2 K A" axnnn
12 JATA W LPAT 2V AWWIRNT (V17 N°10N SW AmM2YD MAwD MATIPN) 20w Jwn2 M1 MmN
AT TAT DY IR VR MITIN DY TNV NI 9 pHDn PR PUIY (20w 8) M N°1on nhvo
T1A72 D°ANPRT NPOIPIR DY YOWAD 17 DMWY WK DOPOTA 27T O¥ 119 170 KD 30 10N
oM 7173 MTPTNA YDA DX WD WK MPIAT N1PRINTT MAYDT 72%7 ,MNINRT 2 nwa
DOW IR NPYR TR O AN D750 AYOWT NPT My (322 7R) 79K 0wa
i bvaRapstlabiiaBgiiighl

47



5 - Southern stormevents 111210
5-2-07 |
18 | | 16-12-09 to\!y15—3—10 % '|15'2'11
| * o
164 Y 29-1-08 b
8 : H
i: 14 B E
_é 12 - t
£ 10 - .
S "
g 8- . £
b 6 -'é-
5 o-" :“-'
= 4 . | T
. 3t S
L o TR
0 ".“ql_‘v Q-REI-
Nov0® o0 nov-+

2" 7ITIN) MW T HY NDYDYAT NIMDINIRUAT TAMNTE NIMANT MM NREY S mToTe 2322 1R

(2037 7120 By mvar
Figure B32: Southern wind wind velocities measured by the NMP meteorological station
at the IUI pier (thanks to Dr. Zvuloni for analyzing the data).
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Figure B33: 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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Density Number | Density Number | Density Number | Density Number | Density Number
Diadema 1.08 216 0.90 180 0.91 364 0.71 283 0.34 135
Other Urchins 0.24 48 0.12 24 0.37 149 0.14 56 0.57 226
Total Urchins 1.32 264 1.02 204 1.28 513 0.85 339 0.90 361
Starfish 0.01 1 0.02 3 0.02 7 0.01 5 0.00 0
Feather star 0.40 80 0.42 84 0.51 203 0.39 154 0.00 1
Sea Cucumber 0.05 10 0.02 4 0.12 47 0.09 35 0.03 12
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 B34: This year’s average density (per m”) of mobile invertebrates at the sampling
sites.
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Figure B35: The average density (individuals per m?) of Diadema setosum (top) other
urchins (middle) and all sea urchins (bottom) at the sampling sites.
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Figure B36: The average density (per m”) of feather-stars (top) and Sea Cucumbers
(bottom) at the sampling sites.
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Figure B37: 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 B38: 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 B39: Average chlorophyll ¢ 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 B40: Average chlorophyll a on exposed (diamonds) and caged (squares)
settlement plates at the Nature Reserve since 2007. Each point represents one month
(calculated as an average of three plates submerged in the sea for two months). Top —
the lagoon, middle — at 5 meters depth, bottom — at 20 meters.
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Figure B41: Distribution of reef fish according to trophic level since 2007.
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Taxa Dweller* Tropic level** Occurrence

Amphiprion Z 9
Chromis dimidiata Z 4
Chromis viridis VA 221
Dascyllus aruanus z 28
Dascyllus marginatus o Z 184
Gobiidae/Blenniidae 2 C 54
Neopomacentrus miryae -%- z 225
Pomacentrus trichourus (0] 118
Pseudanthias squamipinnis z 283
Pseudochromidae C 24
Amphiprion Z 9
Chromis dimidiata Z 4
Acanthuridae H 46
Balistidae C 19
Bodianus anthioides C 12
Caesionidae Z 79
Chaetodontidae Co 81
Coris aygula C 12
Gomphosuse caeruleus C 5
Labroides dimidiatus pY C 8
Lethrinidae o C 1
Mullidae & C 35
Pomacanthus imperator C 1
Scaridae H 25
Scorpaenidae C 1
Serranidae C 21
Thalassoma sp. C 37
Variola louti P 2
Zebrasoma xanthurus H 33
others 47
Total 1615

Cryptic - close to/hides within coral/rock
Pelagic - away from coral/rock

** C Carnivorous
Co Coralivorous
H Herbivorous
(0] Omnivorous
P Piscivorous
Z Zooplanktivorous

SR I NI DW MV PO 20T NS 182 mhab
Table B8: Fish abundance of at the southern part of 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: Salinity at the coastal water sampling stations since 2004. Measurements
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were identified.
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Figure C10: Temperature at the coastal water sampling stations since 2004.
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stations since 2004.
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Parasite
. fork
No. location weight | length length | sex | Scler. | Gyliauc. | Proc. | Cucul. | Opist. | Hexan. date
@) | m |
251011 1sr UL 130 23 5.5 F 0 0 4 0 0 1 25/10/2011
2510112sr UL 177 25 7.7 M 0 0 3 0 0 0 25/10/2011
2510113sr UL 147 24 6 M 0 0 2 0 0 0 25/10/2011
1511111sr UL 101 20 5 M 2 0 1 0 0 4 15/11/2011
1511112sr UL 152 24 6.5 nd 0 0 4 0 0 0 15/11/2011
1511113sr UL 126 22.5 7 nd 0 0 5 0 0 2 15/11/2011
2211112sr UL 100 21 5.7 nd 3 0 1 0 0 1 22/11/2011
2911111sr UL 177 25.5 7 M 0 0 1 0 0 1 29/11/2011
612111sr UL 108 20.1 6.5 nd 0 0 2 0 0 0 06/12/2011
612113sr UL 141 24 7 nd 1 0 0 0 0 4 06/12/2011
1512112sr UL 224 28 8 nd 0 8 4 0 0 3 15/12/2011
1512113sr UL 102 21 6 nd 5 0 0 0 0 2 15/12/2011
281211 1sr UL 161 24 7.5 F 1 0 1 0 0 0 28/12/2011
2812112sr UL 197 25 7.5 F 0 0 1 0 0 0 28/12/2011
2812113sr UL 89 19 6.5 nd 3 0 2 0 0 0 28/12/2011
2812114sr UL 142 23 8 F 1 0 1 0 0 0 28/12/2011
2812115sr UL 95 19 5.5 F 0 0 2 0 0 3 28/12/2011
2812116sr UL 151 24.5 7.5 nd 0 0 3 0 0 0 28/12/2011
2812117sr UL 94 19.5 6 nd 1 0 3 0 0 1 28/12/2011
2812118sr UL 164 23 7.5 nd 2 0 1 0 1 0 28/12/2011

SRUIDI2OIINIIDT P27 IR W 1290 9372 1501w 2V75w 123 ban
Table C2: Parasites found in Siganus rivulatus from near the IUI.

Parasite
weight | length fork
No. location g g length | sex | Scler. | Gyliauc. | Proc. | Cucul. | Opist. | Hexan. date
@) | em) | %
2009111sl UL 191 24.2 M 0 453 48 0 0 0 20/09/2011
2009112sl UL 173 22.6 F 0 486 44 0 0 0 20/09/2011
1011111sl UL 126 20 5 M 0 511 16 0 2 0 10/11/2011
2211111sl UL 154 21.5 6.3 F 0 1362 25 0 0 3 22/11/2011
2311113sl UL 124 20.5 5.5 F 0 1565 8 0 0 0 23/11/2011
612112sl UL 170 21.5 6.5 F 0 692 7 0 0 2 06/12/2011
612114sl UL 121 19.5 55 nd 0 476 3 0 0 0 06/12/2011
1512111sl UL 200 23.5 7 F 0 387 2 0 0 0 15/12/2011

SRWIDNAIINDAF 1227 IR 9TIT 290 %AT2 1D0Iw 2v%9pu 33 Tean
Table C3: Parasites found in Siganus luridus from near the IUI
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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: Location of the Eilat marina on the northern beach of the gulf, within the
town (top), and location of sampling points within the marina (bottom).

NIRXIN

7N W 0Y 2T NYeaak aphnnt 010 By ,2006-1 2004 2°1w3a ,02Y2 WY 2T M7
07,2009 NIwn 900 MITPTAT TWRT DR ARRY ¥ 7729 0°17 10150 .N9°RA 72°20:7 NI
DPLIAYRIT 7907 N1 N MR 17 NINTIPA MT>TA7 .0>NIWY NAR 2177 Y327 70907
WY1 072 QPWORIRT D°PWANT YW MOAT 01 TN 1777 112777 0 0°27 T2V 29I 17T
YT RY WY WK 971N AW MPUT2 vYn?) "adwpa" NNan T DY WY1 12y MrhIRG) vnw
("33 100"

950m2 TPANAR ¥9MT,2006-1 2004 223w MTTAN P2 21NN DI IRTAI ROW 111900
NNOY 797 INPIW NI DY NRTY AN 27 0000IK PIYTR YOAT? MI0IYY N1T20 MoNK YW N axnIen
NPDON WX NIDNM 2w MW NIXIP D°AX1NRT MTIOY YW 777°0 79021 .33T T1IRY MINONTT DX
T2V 97X 70 WV 272 TV AR 7O OWIRIRT PITT .MONNA [0 DW 27T 287 DY a0
(43 7720) NMIMTIPA M7 TR WRH MR P70

76



1G1LE
610
626€
JAA
€.'6
19'¢€
cr'e
18
200
G20'0>

110C

ocel

0991

€8'6Y
9.6
lev
86’
S0y
€eec
280
60'S

~
—
(=
N

gcl
€0
0S.€
S0'¢
S6'8
Gge'e
L€
6V
10>
10°0
600C

V.
L€l
S’y
So0'e
8V
G'0>
it
[
0>
c0>
600¢

S/
80

c>
el
0e>
c>
oL>
1'0=>
>
oL>
10>
10>
900¢

fonuoy

12'6¢
020
0046
099
0S.1
vL'e
€8°G
9¢'6
00L°0>
0Gc¢°0>
¥00C

0c
vl
691
6l
0oL>
0lL>
1%
G>
g>

¥00C

GG'LL
90°0
8G9¢

¥6°Gl
899
v’y
96°L
€L'e
S0°0

G20°0>

110¢

16711
8L/
'8l
€L'YS
6.
L'y
69°C
SL'y
G50
G6°.L

€€
80°0
0ole

Gl¢clL
2L
1474
Ge'g
14
Sl
G6°0
L'l
¢'0>
14
6002

RN

0oL>
L'0=>
>
0l>
1'0>
0l>
900¢
oJug

(014

0ces
cl
g9l
8¢
oL
S8
00S°0>
0S¢'0>
00¢

¥e'Ge
o9l

6E°GYL
L9°€L
88'¢
60°¢C
FAAS
ge'c
99'0
8¢’

514
G800
059¢

Gg8'¢ce
SL'el
G'86
G8'LL
SL'Y
S0
1"
9l
c'0>
>
600¢

413
0e>
c=>
olL>
1'0=>
>
oL>
10>
10>
900¢

(A CORVEISEE]

€88
S0
6¢L.1
L€
c0e
18
cel
L6l
>
05¢°0>
¥00¢

1%
Gl>
8
14
oL>
Gl>
o>
g>

oL>
¥00¢

90°9v¢
cLo
OLLLL
G'eLL
6¢'9¢
Sv'9¢
L¥'8
sl
[
€L
X4

6lL'€C
Ge9l
LE€'6€C
sevl
VA4
1€°¢
gG'¢c
98¢
610
99

~
i
[=
N

Sol
610
00¢6
ocl
14
8¢
G9°9
Sl
c0
910
600C

S0'8lL
L€l
9Ll

Syl

S
>
el
9'l
0>
G9°0
600C

T) pUT UIBISO M

ov ¥9l uz
90 S0 o
6l.€2 ad
8 1L ng
8¢ '8¢ A
ol zel ad
ol 9yl IN
9z e 1
rA0] 00€°0> 2%}
1> 0s2°0> By
900C v00C
[wdd] yuawipag
z=> €5 uz
€l vl o
0¢ oL ad
z=> 9 ng
oL> 0oL> A
] olL> ad
z> e IN
oL> G> 1
10> > PO
10> olL> By
9002 v00C
[qdd] sa3epp @2BHNG

43 mbaw

(175 91K INT) 700D P R

NIRRT NTIPIY NP2 N9RNIDT RT3 TPl JDIDIN2 STIAN WIAYTEY 292 NISNK DM

1S

Point 3

na.

ts from the Eilat mar

men

ter and sed

ions in wa

Metal concentrati

Table C4

the innermost sampling point and the control is outside the marina (see Figure C17).
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Figure C18: Metal concentrations in the Eilat marina. Top — in surface water, Bottom —
in sea floor sediments. Point 3 is at the end of the marina while points 2 and 1 are
progressively closer to its outlet to the sea. The control is outside the marina at water
depth of approximately 10 meters depth.
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Figure C19: A comparison of metal concentrations in sea water of the Eilat marina
between the years 2004, 2006 and 2009. Point 3 is the innermost point at the marina,
where concentrations were highest, and the control is outside the marina.
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Figure C20: A comparison of metal concentrations in sediments of the Eilat marina
between the years 2004, 2006 and 2009. Point 3 is the innermost point at the marina,
where concentrations were highest, and the control is outside the marina.
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Monitoring the benthic foraminiferal response to the removal of aquaculture
fish cages in the Gulf of Aqaba-Eilat

Abstract

For about 20 years, fish cage aquaculture facilities were located at the northern end of
the Gulf of Eilat, about 300 m offshore. Rising concerns about the potential damage
inflicted on the gulf’s ecological system and littoral environment, due to the release of
organic material and nutrients from the fish farms, was the center of a heated
scientific, legal and public debate that ended with the National Council of Planning
and Construction ordering the complete removal of the cages, which occurred in June
2008.

The cessation of fish cage aquaculture operations created a unique opportunity to
monitor and assess changes in the benthos in response to the new conditions. The goal
of this research was to document the changes in the benthic foraminiferal assemblages
in the area where the fish cages were located. As they are sensitive indicators of
environmental change, benthic foraminiferal data could be used to monitor the
rehabilitation of benthic communities.

Monitoring was done by monthly sediment core sampling from stations at varying
distance from the cage location. Sediment cores were cut in one c¢m thick slices, down
to 10cm depth and stained with Rose-Bengal to distinguish between living and dead
foraminifera at the time of collection. Changes in diversity and abundance of the total
(stained and non-stained) and living (stained) assemblages in the top cm of cores from
stations located 0, 20, 40 and 80 m from the cage location were analyzed.

Our results show that the benthos below the fish cages was severely impacted by
organic matter loading, resulting in an environment with no living foraminifera.
About six months after the removal of the cages living foraminifera, particularly
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Assilina ammonoides (86% average relative abundance in live assemblages) appeared
in the sediments, concurrently with the appearance of Halophila stipulacea (seagrass).
All living species found on the seagrasses were also found in the dead assemblages,
suggesting that seagrass meadows that existed before eutrophication were the source
for some of the species in the dead assemblages.

There were clear trends in the foraminiferal live assemblages, showing progressing
stages of succession on the temporal scale, and clear differences in the rate of this
process on the spatial scale, related to distance from the point source of the organic
enrichment.
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Number of individuals per gram dry sediment
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Number of species per sample
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AVDW DMXN DUTINRT Q7 WY OPY Y1 om0 D919 AORNA IRTAIW 20100 W nomnope i :1 73w
AORA 9992 191 I 20 ,7%12p 90 YW N

sediment sediment Halophila
Total Live Live
>150 pm (stained) (stained)
>150 pum >150 pm
Suborder ROTALIINA 54% 98% 77%
Family ACERVULINIDAE Planogypsina acervalis + +
Family ALFREDINIDAE Epistomaroides punctatus +
Family AMMONIIDAE Ammonia spp + +
Family AMPHISTEGINIDAE Amphistegina lessonii + (14%) + + (32%)
Amphistegina lobifera +
Amphistegina papillosa +
Family BOLIVINIDAE Bolivina sp + +
Brizalina sp +
Family BOLIVINELLIDAE Bolivinella elegans +
Family CIBICIDIDAE ?Cibicides mayori +
Lobatula lobatula + +
Paracibicides edomica + +
Family CYMBALOPORIDAE Cymbaloporetta sp +
Family DISCORBINELLIDAE Discorbinella rhodiensis? +
Family ELPHDIDAE Elphidium sp.C +
Elphidium jenseni + +
Elphidium williamsoni +
Elphidium cf.E.limbatum + ?
Family NONIONIDAE Nonion spp. + +
Family NUMMULITIDAE Assilina ammonoides + +(86%) +
Family REUSSELLIDAE Reussella sp + + +
Family ROSALINIDAE Rosalina sp + + +
Family UVIGERINIDAE Siphouvigerina sp +
Suborder MILIOLINA 43% ? 22%
Family ALVEOLINIDAE Borelis schlumbergeri + +
Family FISCHERINIDAE Vetebralina striata + +
Family HAUERINIDAE Agglutinella spp +
Articulina pacifica + +
Articulina antilarum + +
Hauerina diversa + +
Lachlanella subpolygona +
Lachlanella sp.A +
Miliolinella spp. +
Pseudomassilina pacifiensis +
Pseudomassilna sp.B +
Pseudomassilina reticulata +
Pseudotriloculina sp.B +
Pyrgo striolata +
Quinqueloculina +
ct.Q.mosharrafai
Siphonaperta distorqueata +
Triloculina affinis +
Triloculina serrulata +
Triloculina tricarinata + +
Triloculina trigonula +
Family MILIOLIDAE " Quinqueloculina " sp. A? +
Family PENEROPLIDAE Monalysidium acicularis +
Peneroplis planatus + + +
Family SORITIDAE Amphisorus hemprichii + +
Sorites orbiculus + +
Family SOIROLOCULINIDAE Spiroloculina attenuata +
Spiroloculina aff. S.communis +
Suborder TEXTULARIINA 3% 2% <1%
Family Labrospira jeffreysii +
HAPLOPHRAGMOIDIDAE
Family SACCAMINIDAE Lagenammina cf.L.atlantica +
Family TEXTULARIIDAE Textularia spp + + +
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Figure D1: Temperature 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
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close to the northern shore of the Gulf at ca. 50 meters depth.
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Figure D2: Changes in water temperature at Station A since 2004. Black dots represent
the sampling depths.
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Figure D3: Changes in water temperature at depth (400m to 700m) at Station A since
2000. Data from the years 2000-2002 were collected during the Peace Park Project and are
provided courtesy of prof. J. Erez and prof. B. Lazar.
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Figure D4: Salinity profiles measured during the monthly monitoring cruises. 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 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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2006. Black dots represent the sampling depths.

n1IHPHR

DI2TPO2T VP °I1 112777 POV, 0% MWHITT MM 112772 777 X7 DPIOPIRT
T QNN DMPWA 17,78 0P MPPRPRRT M7 0°wn v .(Anknma HCOs™ -1 CO5%)
DWTIND) VORI INRD D°AWN1 DY 072 NPIORYR SW NN 090111 0907V .00 PRI
1771 7AW 0222707 2079 L(IRIN2D WTIN) 21277 WA N 22N 223737 ,(720%T-121n20
,1PRN72) 2.5181meg/kg -1 2.5167meq/kg "% 100-1 40 pniva 222371 I2W0PN 2WTIN2
ATIPA TIW WK M vy (127 R

2°27Y 222pNMY ,2007-8-5 ARNWAA NTIY 1217 2PV 2712 NPIHPORT 237V 03 0D IR0
(137 97K) 79K D22wa Py 21290 105w

102



St.B St.A
Alkalinity (meg/kg) Alkalinity (meg/kg)
247 249 251 253 247 249 2.51 Z2E3
] ! Ly D S e
. e =
» e im +
- + ‘e m
> - W8
100 . 100 - e o SrPTSIA I
*
200 L 4 200 - s 4@
oo o 300 + +  bme
L
£ 400 + 400 it o
=
B
[
O 500 L 500 L S
-
600 > 600 e
700 700 e
B *
: A
+
800 + 800
~ +.Jan #Fad fdar A
900 * fi]cy s e o July - ALy
*lien ®iint I~ o u| en

NIRITT RO B INN PRI MW7 MDD 1TTRIR DD 2T NTIAYI NPIVPHR Y 1127 R
2002 700-2 TRrnb B PRI 20MRa/1TY /PRI DR 2t B1aan NXRRI A InN AN apinem
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 (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.

12257 11279 17 (Total Oxidized Nitrogen - TON) 0177 NTWAYA 18147 1300 11377
DRIV D2 1RMINNAT IR O 19V ,pvaY 2127 1777 72,2000 nIwn LLRI0IT R
PRIV M2 BRIV 1T °T12°0 BV 177 01 600-27 TV 2O NTIMY W 2127 707 12 2004-5 72
17177 (2007-8) P1y 21299 2w 2»nw 2004 niw Hw a9RS 2017 0°115°7 17711 2006-2 09K
-On DOPYAYT Q12 1PN 011207 ,2008 TR1N2D TRY IR L,2°R1AYT D92 P10 2120 DR N MvHwn
(167 71R) 79 nnana 0°%n 0w 350

TXMINNT IPINT NIND N9V D7 ,AMIT A% RN 2004 TR 277 DTNV DRIV AR
TN 1PINT AR TR L3707 7771 2007-8 212995 nawa ,2004 nIw TR 2O NTIAYVA AR
TV ,NNTIPA FIW 10YR BYA M2X BRIYOIT AR 77 71w 020000 wIna (177 1K) 20
2004 1w TRM MY 17190 DW AN MIwa N2 MAAT

106



Total Oxygenated Nitrogen (umol/liter)

Dcwan Dot iew

2004 | 2005 | 2006 | 2007 T 2008 1 2009 | 2010 | 2011
AR TR A minns 290 N2 (TON= NO;+NO,) 1223757 217 119592 29w 1167 1K
STTOTAT PRID DR NIAROOR NYINRT mTipa L2004
Figure D16: Changes in the concentration of total oxidized nitrogen (TON= NO;+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 (NQOs) 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 (PO,”) concentration profiles measured during the monthly
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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: Chlorophyll-a 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: Fluorescence profiles measured during the monthly monitoring cruises.
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 D27: 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 D28: 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 D29: Concentrations of chlorophyll-a at Station A at the surface and at water
depths of 40 and 100 meters since 2000. Data from the years 2000-2002 were collected
during the Peace Park Project and are provided courtesy of Prof. J. Erez and Pro. B.
Lazar.
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Figure D30: Monthly primary productivity and Chl-a concentrations at the upper water
column.
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Integrated Productivity (100m column)
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Figure D31: 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: A double plankton net (""Bongo") towed from the boat in deep waters.
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Figure D33: Monthly zooplankton concentrations at the upper 100m of the deep sea.
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Figure D34: Size distribution of the zooplankton population at the upper 100m of the
deep sea. Size fraction are filtered on 1000, 500 and 200 pm filters (green, red and blue,
respectively)
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Figure E1: Chlorophyll a concentrations sampled daily at the Underwater Observatory
jetty in 2011 (red line) and the long-term average (1988-2010, 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
jetty during 2010 (red line), the average SST for 1988-2009 (blue line), and long-term
average (1-weekrunning mean) minimum and maximum values from 1988 to 2008.

127



Daily SST

28
26

5 24

| Vi

y =0.0386x-53.522

22

20

18 |
1,001 1‘5@

OF o 0 o8 g0t

70 AD ,IQ“;" l@'\ﬂ'

0

SST: Annual mean
24.8 1

24 4

S

24.0 4

s S ’

y=0.0209x - 38.147
R2=0.3131

236 A

232204

2 2 = 8 T T T T 1
s ol s ol ° S

22002 182 (2357 DR IR TIR02) MRDR N7 NTMMBRWS 237 MID2 2T NMUIDRY HTURD (37 R
295 M23TRI 291IN1) 1988 TR 2T 1D NMMWIDRY DY DW AW NDIN TR XM 0NN hird
JDIUSTART NN STINDRYT TnY (03 TIRBN
Figure E3: Top — Daily sea surface temperatures measured from the Underwater
Observatory jetty since 2002. Linear regression represents the long term trend of rising
SST since 1988 (data courtesy of Prof. Amatzia Genin). Bottom — Annual average SST.
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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 CMI11B
UV radiation Apogee SU-100
PAR radiation Li-Cor LI-190SA
Water pressure Campbell CS408
Water temperature Campbell 108

Data logger Campbell CR1000

SRWIVANIN-PRT 1207 bW man PR DOADYNIRWRAT TN DR Q9290 QOWANT N 177 han
Table E1: Setup of the meteorological station at the end of the IUI pier, list of sensors.
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Figure ES: Top- Maximum daily wind speed (m/sec). Bottom- Maximum daily wind
speed and direction since January 2007. This year’s wind measurements are marked by

red squares.
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Figure E6: Maximum and minimum (red and blue, respectively) daily air temperature
above the sea.
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Figure E7: Maximum daily global radiation (top), ultraviolet radiation (middle) and
photosynthetically available radiation (bottom).
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Figure E§: Maximum and minimum (red and blue, respectively) daily values of relative
humidity over the sea.
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Figure E9: Maximum and minimum (red and blue, respectively) daily water
temperature at ~2.5m depth.
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Figure E12: 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, 2011.

Genus IUl | Katza | NR | Grand Total
Acanthastrea | 32 12 21 65
Acropora 62 87 166 315
Agariciella 3 1 4
Alveopora 2 5 7
Astreopora 9 5 18 32
Balastomussa 2 2
Coscinaraea | 19 7 2 28
Ctenactis 4 4
Cynarina 2 2 4
Cyphastrea 74 44 42 160
Echinophyllia | 6 6 10 22
Echinopora 17 77 98 192
Favia 155 | 27 43 225
Favites 80 99 65 244
Fungia 2 4 2 8
Galaxea 5 5 10
Goniastrea 38 31 94 163
Goniopora 1 8 6 15
Gyrosmilia 34 8 42
Herpolitha 1 2 3
Hydnophora 1 2 3
Leptastrea 69 25 26 120
Leptoria 2 2
Leptoseris 2 1 3
Lobophyllia 4 15 41 60
Millepora 66 3 10 79
Montipora 32 84 121 237
Mycedium 8 10 18
Pachyseris 1 1
Pavona 2 37 13 52
Platygyra 15 3 13 31
Plerogyra 3 1 4
Plesiastrea 12 18 16 46
Pocillopora 46 3 10 59
Porites 38 44 73 155
Psammocora 6 11 19 36
Seriatopora 1 15 6 22
Siderastrea 25 25
Stylophora 107 70 65 242
Turbinaria 1 3 2 6
Total 961 | 762 | 1023 2746
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Table G2: list of colonies (of all types) that were recognized in all permanent photo-sites,
in 2011.

Genus NB | Dekel | Katzaa | NR | IUl | Taba | Total
Acanthastrea | 0 0 8 3 4 3 18
Acropora 1 33 50 66 | 12 13 175
Alveopora 1 1 2 5 0 14 23
Astreopora 1 1 0 5 1 1 9
Balanophyllia | 0 2 3 0 3 3 1
Coscinaraea 2 2 0 1 3 3 1
Ctenactis 0 0 1 4 0 0 5
Cyphastrea 3 8 16 28 | 60 22 137
Echinophyllia | 0 2 1 1 3 7 14
Echinopora 7 12 42 66 | 14 6 147
Favia 8 7 20 9 92 33 169
Favites 13 15 51 32 | 62 20 193
Fungia 2 9 1 5 1 4 22
Galaxea 3 0 3 0 1 7
Goniastrea 13 19 25 71 89 44 261
Goniopora 0 1 0 6 0 0 7
Gyrosmilia 0 0 0 0 0 1 1
Herpolitha 0 1 1 2 0 0 4
Hydnophora 3 0 0 0 0 7 10
Leptastrea 10 1 11 6 44 13 85
Leptoria 0 0 0 0 2 1 3
Lithophyton 0 0 0 1 0 0 1
Lobophyllia 12 7 1 8 7 1 36
Millepora 1 6 2 0 42 47 98
Montipora 4 11 42 24 7 6 94
Mycedium 2 2 9 3 0 0 16
Oxipora 1 1 1 0 0 0 3
Palythoa 2 2 0 6 0 2 12
Pavona 4 4 17 7 2 3 37
Platygyra 13 3 1 10 | 17 16 60
Plerogyra 2 0 3 0 0 0 5
Plesiastrea 0 0 0 1 8 0 9
Pocillopora 4 2 2 9 14 10 41
Porites 18 24 15 15 | 10 20 102
Psammocora | 5 0 2 1 1 2 1
Rhytisma 0 2 2 17 3 3 27
Sarcophyton | 0 0 0 0 1 1 2
Seriatopora 0 5 3 18 0 4 30
Sinularia 0 0 1 0 0 1 2
Sponge 4 0 3 8 3 9 27
Stylophora 11 3 22 21 | 55 9 121
Turbinaria 4 0 1 1 1 0 7
Xenia 0 9 17 58 1 0 85
Total 154 | 195 379 518 | 562 | 330 | 2138
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ABSTRACT: The zooxanthellate hydrocoral Millepora dichotoma is an important framework
builder of shallow reefs in the Gulf of Agaba (Red Sea). In this study, we document and character-
ize the emergence of multifocal bleaching (MFB), a new syndrome in M. dichotoma. MFB is char-
acterized by bleached spots scattered over the colony. The establishment of MFB in M. dichotoma
at the study site was surprisingly rapid. We first noticed this phenomenon and assessed its preva-
lence in February 2010, and re-assessed it 1 yr later, in February 2011. The prevalence of MFB
along the reef crest at a depth of 0.5 m is extremely high (63 and 67 % in 2010 and 2011, respec-
tively), significantly higher than along the fore-reef at a depth of 2.5 m (16 and 31 % in 2010 and
2011, respectively). Spatial analyses were used to characterize the distribution of MFB across 2
spatial scales on the reef: among-transects scale (<800 m) and within-transect scale (<60 m). The
results clearly show that the affected hydrocorals are aggregated over these 2 scales. While sev-
eral factors may contribute to the observed pattern, the aggregated spatial distribution of the
affected hydrocorals suggests that local and inter-colonial transmission play a significant role in
the spread of MFB.

KEY WORDS: Multifocal bleaching - Millepora - Hydrocoral - Gulf of Agaba - Eilat - Spatial pattern

INTRODUCTION

Coral bleaching and infectious diseases have
emerged worldwide as dominant drivers of reef coral
population decline (Harvell et al. 2002). During the
past few decades, bleaching and disease outbreaks
have not only resulted in coral loss and severe
decline in coral cover, but have also caused sig-
nificant changes in coral community structure and
reef-associated organisms (Hughes 1994, Aronson &
Precht 2001, Loya et al. 2001, Porter et al. 2001,
Sutherland et al. 2004, van Woesik et al. 2011). Until
recently, the intensively monitored coral reef of Eilat
(northern tip of the Gulf of Aqaba, Red Sea) had been
relatively free of bleaching and signs of coral dis-
eases (Barash et al. 2005). However, in the past

*Email: zvuloni@npa.org.il
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decade some of these diseases, including black-band
disease (e.g. Zvuloni et al. 2009) and white-plague-
like disease (e.g. Barash et al. 2005), have appeared
in the Gulf. The Eilat coral reef, where most of the
present research was conducted, is an intensively
studied reef, Scientists from the adjacent Interuniver-
sity Institute for Marine Sciences continuously use
this reef for, among other things, study of various
aspects of coral and reef ecology (e.g. Loya & Slobod-
kin 1971, Loya 1972, Riegl & Piller 1999, Glassom et
al. 2004, Abelson et al. 2005, Zvuloni et al. 2008a,b,c,
2009). A comprehensive reef monitoring program
has been in place since 2003: the Israel National
Monitoring Program at the northern Gulf of Agaba
(see INMP annual Scientific reports 2003-2010 at
www.ini-eilat.ac.il/NMP).
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