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Introduction

This report describes the work and results of the Israel National Monitoring Program
at the Gulf of Eilat (Aqaba) — NMP —in 2010. 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 is the seventh year of standard monitoring operations by the NMP in which data
is collected using similar methods by a regular dedicated team. The ability to review such
consistently collected data provides increased analytical power and confidence in our
findings. Thus we begin to seek patterns and trends over the past seven years. A
comparison of the present-day state of the reef with historical data can be found in the
2004 annual scientific report of the NMP.

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 the Israel Ministry of
Environmental Protection: www.sviva.gov.il and on the NMP web-site:
www.iui-eilat.ac.il/NMP/.

A database that includes the NMP data 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 reef indicate stability or
a slight increase over the past seven years of monitoring. Specifically, this is so
for the live coral cover indices; Live coral cover has steadily increased since
2007, and the normalized cover, while not as high as it was in 2007, has
stabilized on higher values than in 2004-6.

2. 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.

3. Coral density was highest in 2005, and has been stable in the past three years. A
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lower density compared to 2005 could indicate coral growth to larger sizes, but
no correlation was found between density and coral cover in the monitored
sites.

4. Non-branching stony corals vastly outnumber branching corals and dictate the
size distribution in stony corals at the monitored sites. At the [UI reefs are
dominated by the “small” size fraction, and at other sites the biggest fraction is
“medium”, except for the NR-5 site where “large” is the biggest size fraction.
NR-5 is also the site with the highest live cover. This year is the first in which
“medium” is the biggest size fraction of all stony corals at Eilat (all sites).

5. The Drop in the relative portion of “small” corals could indicate successful
growth of corals, but the changes in the portion of “small” size fraction
correlates with changes in the number of “small” colonies. This may indicate
that the relative drop is caused by increased mortality of small corals.

6. Live tissue index for coral health has further declined this year, returning to the
low value measured in 2006.

7. Species composition and species diversity in the monitored sites are stable, with
no significant changes, in the past seven years of monitoring.

8. This was the fourth year of monitoring surveys at the reef table (reef flat) of the
nature reserve (NR), and throughout this period coral cover and substrate
utilization has increased. This may be due in part to recovery of the reef table
following an extreme low tide that saw many table-corals exposed in March
2007 (see the NMP annual scientific report 2007). On the other hand, 2007 had
high proxy values at all reef-front sites and with the absence of data from the
reef table prior to 2007 it is hard to speculate on the long term trend at the reef
flat.

9. At most photo-sites a net growth of specific coral colonies was documented, but
the total increase in coral cover is small. Differences between growth in the
past year and growth in the past seven years may indicate that the net growth
since 2004 is biased by strong colonies that survived this 7-year period, while
colonies that did not grow did not survive and thus are not included in the
survey. When we finish converting all the photo-sites data to the GIS, we will
be able to follow growth dynamic in greater detail.

10. Changes in coral cover, including coral growth, colony death and recruitment of
new colonies, were small in the past seven years differ then changes over the
past year alone. These indicate fluctuating rather then monotonous dynamics.

11.As in previous years the small colonies are the largest fraction in the photo-sites.
App. two thirds of the colonies surveyed are smaller than 12 cm2. The
community structure seems to be stable in terms of sizes and species
composition.

12. Until this year the coral community at the NR lagoon seemed rather stable. This
year a sharp drop in coral density was noted, and especially in the density of
the dominant species Stylophora pistillata. It is possible that the decline of
corals in the lagoon results from the strong southern storms that occurred this
year.

13. An increase in the density of sea-urchins was noted in the first years of
monitoring, but this is the second year in which sea urchin population
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significantly declines. At most sites this year’s urchin abundance is the lowest
encountered in the past seven years of monitoring.

14.This is the second year in which growth potential of benthic algae, as indicated by
settlement over plates protected from the effects of grazing, is low —
particularly when compared to the years 2007-8. The reason is, most likely, the
shallow mixing depth of the past two years. It is possible that decreased
benthic algae have affected the abundance of sea urchins.

Coastal water

15.0n March 16 a patch of crude oil drifted from sea and covered a kilometer-long
stretch of the beach from the Taba border crossing northward. Beach sediments
polluted by absorbed oil to a depth of 10-20 cm, were removed from the beach.
Oil was not found on reefs and corals.

16. The seasonal cycle of mixing of the upper water column is the dominant process
dictating 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. For the
second year in a row winter SST were high and mixing of the water column
was exceptionally shallow.

17.1In the past two years fewer abnormal values were measured in Eilat’s coastal
water, compared to the period 2004-7, and abnormal values were significantly
lower as well. This may result from the removal of one of the largest sources
of nutrients at the northern beach, the aquaculture fish cages. Exceptional
values this year occurred in February at the Navy/Hotel Meridien sampling
station. These included high concentrations of N, P, Si, and ammonium,
indicated input of foreign waters to the sea.

18.Blooms of planktonic algae along the coast were notably small this year. The
major driver of algae blooms is nutrient input and this year’s shallow mixing
did not support large blooms. External input of nutrients may also drive
blooms, but such were not recorded this year.

19.Only a small number of lethal bacterium pathogens that were common in pre-
2007 years were identified in this year’s survey of wild reef fish. Intestinal
parasites, on the other hand, are just as common as they were in past years.

The deep water column

20. 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 past two years
experienced exceptionally shallow vertical mixing of the water column (250-
300m).

21.Deep mixing in 2007-8 greatly reduced nutrient concentrations in the deep waters
and increased their oxygen content. Concentrations began to rise again in the
previous year, and this year’s shallow mixing caused further increase in deep
water nutrient concentrations. Deep water nutrient concentrations and the rate
of concentrations rise are still lower than those of 2004-6.

22.Nutrient inventories in the entire water column, to a depth of 700 meters, are now
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similar to those of pre-2007. It is likely that in the past two years a larger
portion of the nutrients was stored as particulates and is slowly dissolving back
into the water.

23.Measurements of particulate organic carbon (POC) and primary productivity in
the water column were done routinely this year, for the first time. These
measurements are a step forward towards gaining a better grip of the
ecological state of the gulf and changes that may be happening to it.

24.This year profiles of POC do not display a rise in concentration near the sea floor,
in difference to the previous year, and it seems that resuspension from the sea
floor was not significant this year.

25.For the first time the NMP has documented a full annual cycle of primary
productivity this year. As expected, PP is higher in Eilat than in “classical”
oligotrophic seas such as Bermuda or Hawaii. PP IN THE Gulf of Eilat is also
higher now than it was two-three decades ago, and higher than values obtained
occasionally in the past few years.

Continuous measurements

26.Maximal chlorophyll-a concentrations are measured earlier in recent years
relative to their timing according to the multi-annual average. Maximal values
occurred this year in January-February and in the spring months of March-
May, when high concentrations are expected, lower concentrations were
measured.

27. Sea surface temperatures during the winter, in January- February- March, were
exceptionally high. During other months temperatures were not exceptional but
usually higher than average. High winter temperatures caused shallow mixing
of the water column this year.

28. Sea surface temperature (SST) measured from the Observatory’s pier still displays
a long-term rising trend. The annual average calculated has been rising since
2002, and this year’s average is app. 0.6°C higher than last year’s.

29.Two new radiation sensors were added to the NMP’s meteorological station, UV
and PAR. These wavelengths are important to the well-being of the ecological
system and a need to enhance the accuracy of measurement was expressed. UV
radiation harms living cells, while PAR (photosynthetically available
radiation) is the driving force of photosynthesis. Until now these were
measured as part of the “global” radiation.

30.Continuous electronic measurements of SST at the IUI pier showcase the
abnormally high winter temperatures this year. It seems that next year’s mixing
will also be shallow.

31.Strong winds, up to ~22 m/sec (~39knots) were measured during a strong
southern storm in December. Waves inundated large portions of the beach,
especially along the northern shore. Large rocks and pieces of concrete
estimated at some 200kg were transported dozens of meters along the southern
coast. Pieces of reef were torn and thrown ashore and many corals on the
shallow reefs were broken. Evidence of sediment transport was observed at
depths of 5-7 meters.

32.Sea currents off the southern edge of the IUI are measured by an acoustic Doppler
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current profiler placed on the sea floor by the NMP in July 2010. Its position
was decided by the local bathymetry and sea floor morphology, on a wide sub-
horizontal shelf at 44 meters depth.

33.Most of the time currents run parallel to shore (NE-SW), with a slightly higher

frequency to the south than to the north. These are also the directions in which
currents are strongest. At shallow depths currents are stronger than at greater
depths, and velocities higher than 30 cm/sec were measured close to the sea
surface.

34.Close to the sea surface there is a greater distribution of current directions,

especially occurring towards the shore in November-December. Close to the
sea floor, at ~40 meters depth eastbound (seaward) currents were sometimes
measured. These cross-shore currents are indication of downwelling along the
coastal slope, especially at winter. High distribution of directions close to the
surface is attributed mainly to wave action.

35.Continuous monitoring of suspended dust particles above the sea is done at the

IUT 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 pattern was observed every year except 2009 when dust increase in
autumn was small. High springtime dust concentrations result from frequent
dust storms occurring in spring. Maximal dust concentration in spring may be
5 times higher than in summer.

General
Three noteworthy incidents occurred this year that do not fit any of the regular NMP
long-term monitoring schemes:

On March 16, 2010, a crude oil spill was found along the beach from the Taba
border crossing in the south approximately 1 km northward. The oil apparently
drifted in and landed from sea. The oil was removed within two days by digging
the polluted beach sediments and transporting them away to be cleaned or stowed.
This was enabled through a rapid response of the Nature and Parks authority and
the Sea Pollution Control station in Eilat. This incident is discussed in the
“Coastal Environs” chapter.

On December 11, 2010, a strong southern storm hit the northern shores of the
gulf, with wind speeds reaching some 22 meters/second (~39 knots). Large
chunks of reef were broken and thrown on land, and many corals were damaged
in the shallow reefs. Signs of sediment transport on the sea floor were observed
up to 7m deep. The storm is further discussed in the “Continuous Measurements”
chapter.

On September 9. 2010, a disabled ship was sunk at 15 meters depth off the
northern shore of the gulf, to form an artificial dive site. The ship was dislodged
during the December storm and drifted 15 meters down-slope, causing its closure
to divers for safety reasons. The crumbling rusty wreck damages the surrounding
soft-sediment habitat, an area just recovering after the withdrawal of the fish
cages. The wreck is discussed in Appendix 4.
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This year the NMP has added several new monitoring variables, each discussed in detail
in its own section of this report:

Measurements of primary productivity and particular organic carbon that were
initiated last year were done routinely throughout this year. The results are given
in the “Deep Sea” chapter.

An acoustic Doppler current profiler (ADCP, made by RDI) was placed in August
2010 by the NMP on the sea floor 44 meters deep, off the southern edge of the
IUIL. The ADCP sends back real-time data on current direction and speed
throughout the water column from app. 42 meters depth to the surface. The data is
presented in the “Continuous Measurements” chapter.

Routine measurements of suspended dust over the sea are carried out in the IUI
since mid-2006, and in the “continuous Measurements” chapter we present
average weekly dust concentrations in the air in the past 4.5 years. The research of
suspended dust over the Gulf of Eilat is carried out by researchers from the
Institute of Earth Sciences in the Hebrew University headed by Prof. Y. Erel and
supported by the NMP. Dust research includes chemical analysis that once
completed will be made available to the NMP for assessment of the significance
of dust as a nutrient source to the gulf. As a monitored variable dust
concentrations will be used to identify sources of irregular input.

The NMP has began developing a GIS environment for entering and analyzing
data from the permanent photo reef sites. The work is contracted to the GIS
department at the Hebrew University (programming by Tali Aviram, headed by
Adi Ben-Nun). This is a lengthy process that is now close to completion. This
year’s photos were analyzed using the GIS system, but converting previous years’
photos to the GIS will be a long labor-intensive work that will only start after we
are satisfied with the new GIS environment. Comparisons between this year’s
photos and previous years were done through numerical data on spreadsheets and
is somewhat less detailed than previous years’ analyses.

A research documenting the revival of benthic foraminifers at the site of the former aqua-
culture cages following the cages’ removal is presented as an appendix to this report. The
research, titled: “Monitoring the benthic foraminiferal response to the removal of
aquaculture fish cages in the Gulf of Aqaba-Eilat” by S. Oron et al., describes a rich

assemblage of dead foraminifers at the site just after the cages were dismantled, and
documents a slow return of live specimens in the next 2.5 years. We saw fit to include a
summary of this work written by its authors in the NMP report since it is the only
documentation of its kind that we are aware of that shows the dynamics of rehabilitation
of the sea floor habitat in the wake of the aquaculture debate.

The NMP has agreed to assist in continued monitoring of the benthic foraminiferal
community at the site in the coming years.
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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 B3: Average live coral cover (excluding soft corals) at each site (percent of total
area). Bottom- ANOVA result (least square means) for live coral cover in the years 2004-
2010, for “All Sites” P=0.051.
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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. These numbers indicate how
much of the potentially viable substrate is actually covered by live corals. Bottom- ANOVA
result (least square means) for substrate utilization by corals in the years 2004-2010.
Annual values for “All Sites” differ significantly.
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Figure B8: The average density of coral colonies in the years 2004-2010. 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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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 B11: Size frequency distribution of coral colonies in the surveyed sites. Size classes
are: Small<S cm; 5 cm <Medium< 15 ¢m; 15 cm <Large< 30 cm; Huge>30 cm. Values are
percent of the total colonies of each coral type at each site. Top — all corals, Center —
branching corals, Bottom — non-branching corals.
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Figure B12: Top: Changes in the average size frequency distribution of coral colonies
between 2005 and 2010. 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 B13: The Live Tissue Index (LTI) for corals in the surveyed sites. The LTI is the site
average of the percent area of live/healthy coral tissue for each living colony.
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CoralHealth: Live Tissue Index
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Figure B14: Changes in the state of coral colonies over time according to the average
percentage of living coral tissue (L'TI) from all sites over the period 2004-2010.
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*21 Estimated Shanon diversity per site
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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).
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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 2004-2010, arranged
according to their abundance in 2010.
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Katza Katza NR NR Ul Ul

10 20 NRS5 10 20 IUIS 10 15 Katza NR Ul Eilat

Acropora 9.18 521 6.09 287 712 202 319 167 | 728 508 2.26 4.54
Lobophyllia 0.17 016 1753 0.00 045 0.01 0.13 0.00 | 017 566 0.04 2.7
Stylophora 149 319 177 073 069 482 178 345 | 230 1.05 3.53 213
Echinopora 197 136 791 044 187 014 025 018 | 168 320 0.18 1.89
Montipora 306 432 188 043 470 018 028 1.05 | 366 209 047 1.84
Goniastrea 110 063 421 060 144 097 028 0.07 | 0.87 198 0.50 1.27
Favia 086 052 009 109 065 227 193 0.81 070 065 1.74 1.03
Favites 1288 160 025 043 236 120 087 019 | 143 091 0.81 0.98
Porites 068 215 082 020 266 007 062 119 | 138 1.09 0.56 0.96
Cyphastrea 148 070 099 020 124 099 115 060 | 110 0.74 0.92 0.87
Pocillopora 025 000 061 050 072 130 126 136 | 013 060 1.30 0.75
Astreopora 2.71 065 0.09 040 115 035 0.31 0.18 | 1.73  0.51 0.29 0.67
Plesiastrea 0.00 026 018 043 1.61 027 026 014 | 013 068 0.23 0.42
Mycedium 019 006 211 000 025 000 0.04 0.00 | 0.13 0.74 0.01 0.38
Millepora 006 003 032 003 003 076 124 051 0.04 012 0.83 0.35
Leptastrea 062 055 025 0.08 007 049 026 038 | 059 0.13 0.39 0.31
Pavona 094 112 000 003 026 000 043 002 | 1.03 0.09 0.13 0.28
Coscinaraea  0.00  0.51 0.00 0.06 0.11 095 039 020 | 024 0.05 0.57 0.26
Psammocora 038 112 0.08 002 064 006 000 013 | 073 0.22 0.06 0.26
Acanthastrea  0.05  0.31 001 004 048 044 016 033 | 0.17 0.15 0.32 0.22
| Stony Corals 2745 2710 47.89 9.81 29.67 18.35 16.04 1445|2728 27.41 16.53 | 23.70

RN D2 AR YNNI MO TN ,WONT VWS (31990 1IN ’9’7) 2OXIDIT QIMNLNT QWY 132 70an
S0 INRR
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.

45 -
10
35
30
25
20
15
10

Reef Table Coral Cover

| 2007

W 2008

W 2009

w2010

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

Substrate

.2007-2009 2012 NAIT RN M2 MIDIDRY 2OMMRDPRT 10°0 TN 1182 1R
Figure B18: Percent cover of live corals, and density of coral colonies on the reef table.

34



Rank | Reef Front Reef Table

Acropora Acropora
Lobophyliia Platygyra
Stylophora Favia
Echinopora Stylophora
Montipora Porites
Goniastrea Sinularia

Favia Seriatopora
Favites Favites
Porites Cyphastrea

Cyphastrea Pocillopora
Pocillopora | Acanthastrea
Astreopora | Hydnophora

Plesiastrea Montipora
Mycedium Echinopora
Millepora Millepora
Leptastrea Goniastrea
Pavona Galaxea

Coscinaraea Leptastrea
Psammocora | Psammocora
20 | Acanthastrea | Goniopora
DI RIRY DO NRTR OINRD (109D 1IN 9D) 2ORIDIT 2ONMONT 2OWY 143 10av
Table B4: The twenty most abundant corals (by cover percentage) at the reef table and the

reef front sites.
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Figure B19: Top- A comparison of the Live Tissue Index in corals of different size class.
Bottom — A correlation between the LTI and the fraction of small colonies at each site was
not found.
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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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Table BS: Summary of the areas and number of corals surveyed in the 2010 photo-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.
The out of brackets is the data for all colonies and within brackets is the data for colonies
considered in “growth” calculations.
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Figure B22: Distribution of the main taxa groups comprising reefs at the permanent photo-
sites in 2010, according to the relative (percent) area which they occupy.
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New recruits and newly deceased (all corals)
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Figure B23: Colony recruitment and death for all corals (top) and for stony corals only
(bottom) at the photo-survey sites in 2010. 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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Coral growth 2004-2010
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Figure B24: Top — growth of corals between 2004 and 2010 at the photo-sites. Growth is the
difference in area of colonies found and measured at each photo in both years, divided by
their area in 2004 and given as percent change.
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Figure B25: Growth of corals in the past year at the photo-sites. Growth is the difference in
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area of colonies found and measured at each photo in both years (2009 and 2010), divided
by their area in 2009 and given as percent change.
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Figure B26: 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 2010 photo,
normalized by the colony area of the 2004 and given as percent change.
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Figure B27: 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 B28: The twenty most abundant corals (by area) in the 2004-2010 photo-surveys.
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Figure B29: 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 102 quadrates).
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Figure B30: The average density (colonies/square meter) of the dominant coral genera

found in the lagoon in 2004 - 2008. Top: the dominant coral taxa, bottom: year to year

changes are not statistically significant (ANOVA).
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Figure B31: 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 | 86 43.65 0.84
Millepora 33 16.75 0.32
Rhytisma 23 11.68 0.23
Favia 18 9.14 0.18
Favites 11 5.58 0.11
Seriatopora 5 2.54 0.05
Cladiella 4 2.03 0.04
Pavona 3 1.52 0.03
Platygyra 3 1.52 0.03
Acanthastrea | 2 1.02 0.02
Gyrosmilia 2 1.02 0.02
Acropora 1 0.51 0.01
Alveopora 1 0.51 0.01
Cyphastrea 1 0.51 0.01
Litophyton 1 0.51 0.01
Montipora 1 0.51 0.01
Pocillopora 1 0.51 0.01
Sinularia 1 0.51 0.01

730392 INRRI 2OMRPRT IR0 D (¥121 unh mawn SDTM) NUXIANT JNIDIDRY NIRRT DR 162 meaw
Table B6: The number of colonies and average density (colonies per square meter) of the
coral taxa found in the lagoon.
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49



MIapYa I790IW 1R AMOR Mawm 9751 51.2% anann Stylophora Nn2RT 1302 0N
TR0 BV NP NINRKA 2037 MIAYONT DX TIY FI0P DA 2IRAN 221N N 27 Ppwn 1001 AT
L"T20" T 00 AR N2 KDY "R 2307 700 AN T 772 A1392 110%)

EstimateS Shanon Diversity

1.9 -
1.8 -

ET=
1.6 -
H 1.5 -
1.4 -
h B
1.2 -
11 -
1 - T T T T T T

2004 2005 2006 2007 2008 2009 2010

5> 2004 8% 73392 (Shanon-Wiener »w 3137 772 55 DY) 2o3mbRT 239 1A 2w 1322 1K

.EstimateS nisn n9tya 10w
Figure B32: 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 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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IUI-5 UI-10 NR-5 NR-10 Lagoon
Density Number | Density Number | Density Number | Density Number | Density ~Number
Diadema 0.79 236 0.29 88 0.24 94 0.43 170 0.42 167
Other Urchins 0.13 39 0.14 42 0.25 101 0.03 12 0.47 187
Total Urchins 0.92 275 0.43 130 0.49 195 0.46 182 0.89 354
Starfish 0.00 1 0.01 2 0.00 1 0.00 1 0.00 0
Feather star 0.32 95 0.19 56 0.46 184 0.23 90 0.00 1
Sea Cucumber 0.06 19 0.01 3 0.09 35 0.07 29 0.03 12
| M? surveyed 300 300 400 400 400

L3P0I QYNRA QYT NI Son (1"7:5 2NIDSDXY 2OWIDT TDOR) NISw 73 meaw
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
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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  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 4
Chromis dimidiata VA 39
Chromis viridis Z 1221
Dascyllus aruanus Z 20
Dascyllus marginatus 4 152
Gobiidae 8 c 35
Neopomacentrus miryae % Z 996
Pomacentrus sulfureus z 1
Pomocentrus trichourus VA 124
Pseudanthias squamipinnis z 181
Pseudochromidae C 41
Tetraodontidae C 5
Acanthuridae H 29
Balistidae C 24
Bodianus anthioides C 33
Caesionidae VA 74
Chaetodontidae Co 82
Cheilinus lunulatus C 2
Epinephelus C 16
Gomphosuse caeruleus p C 7
Heniochus g Z 4
Labroides dimidiatus & C 4
Lethrinidae C 3
Parupeneus sp. C 19
Scaridae H 21
Thalassoma sp. C 18
Variola louti P 7
Wrasses C 1
Zebrasoma xanthurus H 35
Total 3378

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

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

SIMDR DI DR BW T PP 2937 MIow (82 mhaw
Table B8: Fish abundance of at the southern part of the Coral Beach Nature Reserve.
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Top — Oil from sea landed and polluted a ~1km stretch of the southern beach (photo: A.
Zvuloni). Bottom — cleaning the beach constituted the removal of the effected sediment
from the beach.
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Figure C1: Map of the coastal-water monitoring stations in the territorial waters of Israel in

the Gulf of Eilat.

(E) Tmxp (N) amnp DR RN Dwnmn
34°58.219" 29°32.527" o377 °N23 FF
34°57.776" 29°32.689" 17 1172 20 9% AN NB
34°58.204" 29°32 678" RN 190\ 007 o1 0902 Hw 119X AXp D N
34°56.468" 29°31.724" D°VODD NIPYY MO PT
34°55.686" 29°30.893" o ower Nyt gemannn | WPC

-NNA 79X¥Na NP2 ,MD%{ a0 DM 00190 0°1A NR
34°55.211" 29°30.251" ”
34°54.316" 29°29 478" 2RV 1237 72vn 9N T
34°56.148" 29°30.183" IUI - 7 mnox mno o° (O

SRIRDST ML IO W DI 2IAVTT NN NI 2P0 113 mThaw
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.

(TON — Total Oxidized Nitrogen = NO; + NO,) 180172 *IRATNNRIX P17

.00 NTAY DWW 212995 A 0T DY R O3 URWI 1RAINA CIRATIRIN 1P 11097 DW NIW a0
(731°Hv77) NPWIDA 720w 72, NPOMLIIR" DIPNY D°AWNL ,NADWA DO NTIAY 02,70 W
MY (D°0I°IVNA OIVT) TUWT N P2 2127 PRI L10TXI 72 20INVITY PO DOV T
IPIN2 MOWT SN NIWYIY X221 AN CWTIN2 2T NTIAY 2127 (2712081 2°0IUI0IT W) PRI
aN DTN POPIOWTING TR D211 XM CIRATNININ 1AM 20 12007 .2 0N 1MPRY
MM ORY ONXT NPAN IR — NPOORT ,MIER 17737 2223 0N 70T JPANT MPAT PR AN W TIna
1WA DIADY TMWY N220I01R IR\ NIWNAN MER N0 LJNMMI07 DAY - 212787 NDPNA PRIV

TXNINN SWMNIR JPIM 2w O°7123 DO 1TTAI R 10 OV PNy 00 KD 7AW 0O NTIY 21
Q°0I7IVI NPHORY 7T 2127 712 MID XN 7MW 7w 17 .(42 I1°R) 77NN PWTIN2 03 20177 272
TI237 112777 .ORTIPA AW 1TTAIY 19RD 120K 0°ONA1 AW O°°277A0 0O .N0ANN nows 1
32791 11277 771 DATIPA 7IW1A .12RXT W2 mnon 022 ,0.413 pmol/l 7P 73w 7701 WK N2
2772 2.8 pmol/l 2°20) 712772 °M123 2°N22 17 2007-8 021wy ,yon wina 0.914 umol/l 5w
("2°3777 °2190" nanna 3.68 pmol/l 5w 27 7Y 711 172 ,2008-2 2127w CwTINa NN

DW M2 LRI 119-07 2O NINNA TRIN2D WD MW 771 2070 1IN M2 PN 1100
ND°10 Y 328N T ATTA AW MANRT MTT0 991 P73 1702 M2 oW 7721 WK 4.837umol/l
001 7w 7721 (WPC) 00 21707 nyean® manni 9% 03 .7 730N D292 2°0 0O 00wy 00

67



PI2KRD NN M7Ta L(Mno 2° ninn2 0.040pumol/l s 0.684umol/1) 7aws “xn w7na
QYoM D123 0°2TW DOTTAI POTY L INOTIN NPR-0°1 2°10 NINNA TPV 07K L1712V 02w N MK

.oyn’
Total Oxidized Nitrogen (TON)
3.0 -
A
= 25 - , ——FF
2 20 - —NB
=
gm 1.5 _ ——Mavy
T1.0 - ] | / —PT
o | 1 »
= 05 '& I [ I|! L2 | t e WP C
0.0 | ‘ | | ! ! NR
| | 5 ||| & & e Taba
| | | | 0s
2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010

2004 naw 2 %277 213977 nunn2 NI (TON) uRws: + wanws: MTSTH 43 IR
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 post-
dating February 2010 were removed because instrumental analytical errors were identified.
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Figure C10: 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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Figure C12: Monthly concentrations of chlorophyll a at the coastal water sampling stations

since 2004.
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"Gulf of Eilat - Monitoring Program": 2010 REPORT

Colorni, A., Diamant, A.

Israel Oceanographic and Limnological Research, Ltd., National Center for Mariculture, Eilat

Funding source: Israel National Monitoring Program at the Gulf of Eilat, InterUniversity Institute

of Eilat.
Coordinators: Prof. Amatzia Genin and Dr. Yonathan Shaked

The present Report covers the period January 1¥- December 31, 2010. A total of 48 rabbitfish of
the species Siganus rivulatus from the Eilat Northern and Southern coastlines were examined
weighed, measured, and their internal organs and gills examined for presence of parasites and
pathological features. Internal organs were formalin fixed for histological analysis.

Results are summarized in Tables 1 and 2.

Tab. 1. North Beach

Locati

Hist

Species on Weight Length ol. Sex Date Parasites
4 S-rivulatus NB 63 470 \ ubp 23/0510 none
2 z NB 84 170 V ub 23/05/10 nene
3 z NB 50 160 \ up 23/0510 none
4 NB 55 170 V ub 25/05/10 6
5 NB 58 170 V ubD 25/05/10 39
6 NB 58 170 V ub 25/05/10 2 Sclerocollum, 52 Gyliauchen
7 NB 59 170 V uD 25/05/10 30 Gyliauchen
8 NB 56 170 V ub 25/05/10 21 Gyliauchen

1 Procamallanus, 1

9 NB 47 155 \% uD 26/05/10 Gyliauchen
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10 " NB 42 150 V ubD 26/05/10 15 Gyliauchen
11 ! NB 63 177 V ub 27/05/10 1 Sclerocollum, 6 Gyliauchen
“ 1 Procamallanus, 41
12 NB 53 170 \% ubD 27/05/10 Gyliauchen
" 2 Procamallanus, 1
13 NB 353 320 v 23/06/10 Cucullanus, 29 Sclerocollum
14 “ NB 276 300 \ F 23/06/10 2 Procamallanus
15 “ NB 28 130 V uD 26/06/10 None
16 “ NB 174 244 V F 29/06/10 43 Sclerocollum
1 Procamallanus, 1
17 “ NB 134 215 \% uD 29/06/10 Cucullanus,
5 Sclerocollum
18 “ NB 163 225 \ uD 29/06/10 14 Sclerocollum
49 = NB 285 280 v} ub 30/06/10 Q—Selereee#umgsét 0aes
20 “ NB 120 210 \ uUD 30/06/10 31 Sclerocollum
“ 1 Cucullanus
21 NB 177 215 \% ub 30/06/10 5 Sclerocollum
22 “ NB 156 215 \ uD 30/06/10 1 Sclerocollum
23 “ NB 344 300 V ubD 30/06/10 193 Sclerocollum
24 “ NB 101 190 V ubD 30/06/10 22 Sclerocollum
“ 5 Procamallanus
25 NB 87 183 \% M 30/06/10 29 Sclerocollum
26 “ NB 115 200 \i M 30/06/10 none
27 “ NB 295 275 V M 01/07/10 36 Sclerocollum
239 Sclerocollum
28 “ NB 265 270 \% F 01/07/10 4 Procamallanus,
1 Cucullanus
29 . NB 173 240 v | M 01/07/10 11 Sclerocollum
1 Procamallanus
“ 118 Sclerocollum
30 NB 274 270 \% F 01/07/10 10 Procamalianus
“ 198 Sclerocollum
31 NB 258 275 \% F 01/07/10 1 Procamallanus
B 68 Sclerocollum
32 NB 321 280 \% F 02/07/10 2 Procamallanus
23 Sclerocollum
33 “ NB 93 195 \% M 02/07/10 3 Procamallanus
2 cestodes
2 Sclerocollum
34 “ NB 124 220 \Y M 04/07/10 2 Procamallanus,
2 Cucullanus
“ 162 Sclerocollum
35 NB 318 280 \% F 04/07/10 2 Procamallanus
Tab. 2. South Beach
# Species Location Weight Length Histol. Sex Date Parasites
« 4 Procamallanus, 1
1 SB 164 235 \% M 04/07/10 Cucullanus
2 sB 47 155 v M | 14/07/10 2 Sclerocollum
1 Gyliauchen
3 SB 149 250 \ M 14/07/10 2 Procamallanus
4 SB 157 250 V F 11/08/10 1 Cucullanus
5 “ SB 170 255 V F? 11/08/10 1 Cucullanus
6 SB 181 280 V F 11/08/10 1 Cucullanus
7 " SB 166 265 V F? 07/10/10 3 Procamallanus
1 Cucullanus
1 Sclerocollum
8 SB 119 230 v F2 | o7romo | 2 Opisthogonoporoides
2 Gyliauchen
Mycobacterium (prob.
marinum)
9 " SB 160 255 V nd 04/11/10 7 Procamallanus
10 SB 105 220 \ nd 14/11/10 1 Procamallanus
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11 « SB 214 280 v nd | 1411110 3 Procamallanus,
7-8 larval digenea

12 v SB 125 235 v nd | 144110 none

13 “ SB 158 250 \ nd 14/11/10 4 Procamallanus

NB = North Beach

SB = South Beach

V = Samples taken for histology

GCrossed-eut = data not reliable (fish not fresh enough).

Evaluation of this year’s results by comparison of incidence of fish's parasitofauna with data
obtained in previous years:

35 rabbitfish were sampled from North Beach and 13 from South Beach. The fish from NB were
relatively large in comparison to 2009 samples from this site (which were in the range 10-40 gr).
This year, many individuals were over 150g and some reached ~350g; infections with gut
helminths were significant, with particularly heavy infections of the acanthocephalan S.
rubrimaris, which in several cases exceeded 150 (and up to 239 worms in a single individual
host). The nematodes P. elatensis and Cucullanus and the digenean G. volubilis were moderately
well represented. In the south coast, samples examined in 2010 included only 13 rabbitfish. It is
difficult to reliably compare to recent years data, but it appears that infection levels were similar
to last year. Interestingly, in contrast to the NB samples of this year, S. rubrimaris was rare in
rabbitfish from the reef sites (SB). The nematodes P. elatensis and Cucullanus continue to
maintain steady infection intensity levels, much the same as they have throughout the last 3
decades. The abundance of Opisthogonoporoides spp. and Hexangium sigani has dropped
considerably in recent years.

Only in one case, Mycobacterium (prob. marinum), an acid-fast bacterium known to be highly
pathogenic to fish, was observed in one specimen (#8) caught offshore the southern beach. Other
pathologies observed in particular in spleens and kidneys were ceroid and melanomacrophage
centers, granuloma-like lesions and sporadic infections by other types of bacteria (at least 3
cases), fungal hyphae (1 case) and worms (probably annelids, 3 cases).

In addition, a total of 29 fish of various species found dead in shallow water or washed ashore
along the beaches of the Israeli Red Sea coastline were brought to our laboratory by the rangers
of the Israel Nature and Parks Protection Authority, staff members of the Dolphin Reef and
concerned citizens. The fish were weighed, measured, and their internal organs fixed for
histological analysis. Whenever assessed as fresh enough, bacteriological examination was
performed, with particular attention to possible infections by pathogenic bacteria isolated in
previous years, such as Mycobacterium marinum, Streptococcus iniae, Lactococcus garvieae,
etc.).

In at least two species (the grouper Epinephelus fasciatus and the goatfish Parupeneus prob.
rubescens) found freshly dead at Coral Beach, S. iniae, a highly pathogenic gram-positive
bacterium, was isolated.

Results are summarized in Tab. 3.

Tab. 3. Fish from the Wild

. . Weight Length —
# Date Localit Species Relevant findings
y P (9) (mm) g
Coral . Photobacterium damselae ssp.
1 02/02/10 Beach Pseudobalistes fuscus 468 nd piscicida
2 | 17/03/110 Coral Scarus sp. 1366 445 -
Beach
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Coral

3 17/04/10 Scarus sp. 1600 510 -
Beach
4 | 1804110 Coral Taeniura lymna 1035 535 ;
Beach
5 | 19/05/10 Dolphin Thalassothia cirrhosa 980 360 ;
Reef
6 | 03/06/10 Dolphin Pufferfish 202 205 ;
Reef
7 | 05/06/10 Dlg'ggf'” Abudefduf saxatilis 52 135 ;
Dolphin s
8 05/06/10 Reef Myripristis 68 160 -
9 05/06/10 D;Ié)gfln Pseudoalistes fuscus 1630 430 -
10 | 10/06/10 Coral Scarus sp. 1420 490 ;
Beach
11 12/06/10 é:e(;r;l] Hemigymnus fasciatus 813 380 Vibrio alginolyticus
12 | 25/06/10 North Pterois miles 185 265 ;
Beach
13 | 24/07/10 Coral Scarus sp. 631 375 -
Beach
14 | 24107110 Coral Pterois miles 337 305 ;
Beach
15 | 07/08/10 North Caesio (lunaris?) 280 280 ;
Beach
Coral
16 | 17/08/10 Bomh Pagrus sp. 108 195 -
17 | 24108110 Coral Chilomycterus 970 325 ;
Beach spilostylus
18 | 01/09/10 Coral unidentified sparid 345 270 ;
Beach
19 | 11/09/10 Coral Scarus sp. 522 300 y
Beach
20 | 15/1010 Coral Tetrosomus sp. 274 245 ;
Beach
21 | 20/10/10 Coral Siderea grisea 177 585 -
Beach
22 04/11/10 é)e(;r;I} Epinephelus fasciatus 345 318 Streptococcus iniae
24 | 1911110 North Oreochromis 50 150 ;
Beach
25 | 1911110 North Oreochromis 112 187 ;
Beach
26 | 1911110 North Oreochromis 133 196 ;
Beach
Coral Parupeneus .
27 25/11/10 Beach (rubescens?) 576 365 Streptococcus iniae
Coral
28 25/11/10 Beach Sphyraena 591 510 -
Coral 13 live isopodes (skin, mouth,
29 28/12/10 Beach Scarus sp. 1437 515 eye socket, operculum)
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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 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. S0 meters depth.
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Figure DS: Changes in salinity at Station A since 2004. Black dots represent the sampling
depths.
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Figure D6: 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 D7: 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. S0 meters depth.
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Figure D8: 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.
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Figure D10: Changes in dissolved oxygen concentrations in 400m to 700m water depth at
Station A, since 2000.
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Figure D11: 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: Changes in pH in the water column at Station A since November 2006.
Black dots represent the sampling depths.
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Figure D13: 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: Changes in alkalinity in the water column at Station A since 2004. Black dots
represent the sampling depths.
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Figure D15: 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. S0 meters depth.
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Figure D16: Nitrate (NO5') 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 D17: Changes in the concentration of total oxidized nitrogen (TON= NO;+NQO,) in
the water column at Station A since 2004. Black dots represent the sampling depths.
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Figure D18: Changes in the nitrate (NO;) inventory in the water column at Station A since
2004.
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Figure D19: 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.

101



OO

T1PR) PRIV N AN O°7 21D N2TP2 TRl 2N NTIRYA VODIDT N3 ,O°INR DOV AT
LOPNWRIT 021X 070 DY IR T DY 9229102 79K 27 090781 27110 2°h1 (207
777 99921 2OV IO AN L,PRIYA 0PI OOTITIT 2R DAAATIR QOPP0N NYPYW MApYa)
3192 2PN NPHYA PUDIRM JPAM N2V ART TD 7217 VDI DW NNV NIMNAT PR OY ¥O0
TXMITAT JPANT PWA 72772 TN VODIDT NN DT 1R DOVIIVIT O X ,2127V5 NYa 0%
2°n21 0.030pmol/1 5w 270 W2 A 730N 0°7 %192 YA mwm (07l + vl ,TON) omind
TAW MM DOMAA VYA 198 011377 .0.25-0.35umol/1 Paw mva KOV 1ID°T VI DPMAYA
VYA 9193 0377 °2195 NITN2A 27 7192 5277157 101D 11277 2008 11077 74D 9D 1IN IR ,NNTIPT
JACTINN2 PYavi 002 7701 100N

NTIAYA VHDIDIT °T12°71 177 2008 N2 21w 70 XY 2007 NIW2A PIAYT 2129 SYITOR M2ApY2
M7 — 1VOHOID 1T HHI2T — DOVIMIWI TPV R? MIIRT 2NIW2 77T 212707 oNIWARA 1OINA 207
AX .(217 71°X) 2008 X125 TRM 79V R¥NI QPP 0N VODIDT N3P ,0°7 2192 12°IXD PRI
.2004-5 2°1w2 112777 TN 200 NTIRYA VODIDT 11D ,10 D Y

ARM DT IR L7231 2w 2008 nIwn D 0PIR 0912 0RINT VODIDT AR DXL 2007 niwa
71°K) 2007-8 D°awa P1va 21277 2197 ,2004-6 001w 127 7123 AKX IR 21T 00 DTNV VOB

(227
St.B St.A FF
PO, (pmolfl} PQ, (pmoll) PO, (pmoli)

0.0 0.1 02 03 04 05 00 01 02 03 04 D05 Do 01 0.2 0.3 04 05
| | | i) | | ,

H

100

:
100 % 100

4
3 201
200 = 200 200
._\‘
200 \‘1 300 300
\
»
\\.
g 400 Y 400 400
] +
% I3
S 500 } 500 500
t
&00 I €00 600
s | 700 A * Jan i wEL
{ Aar v kay * e
00 £0o
T = Hilg — A7 ——Siep
+
aan ) —+— Tt w— N —&—ler

N7 B mnn AvWTINT MOIT NUBOTA 1TTARY DD DA NTwava (P04'3) vBOID T2%7 207 N
7002 Fhpna® b pmIva 2vER/ATI/ARIN B 2 91232 DRIRI A IR NP2 apmym DT

2R 50- Sw pawwa e mna FF manny ,amun
Figure D20: Phosphate (PO,’) 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
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close to the northern shore of the Gulf at ca. 50 meters depth.
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Figure D21: 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 D22: Changes in the phosphate inventory in the water column at Station A since
2004.
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Figure D23: 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. S0 meters depth.
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Figure D24: 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 D25: Changes in the silica inventory in the water column at Station A since 2004.
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Figure D26: 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 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. S0 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: Primary productivity 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 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 E1: Chlorophyll a concentrations sampled daily at the Underwater Observatory
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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.
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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 CM11B
UV radiation Apogee SU-100
PAR radiation Li-Cor LI-190SA
Water pressure Campbell CS408
Water temperature Campbell 108

Data logger Campbell CR1000
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Table E1: Setup of the meteorological station at the end of the IUI pier, list of sensors.
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A murky sediment-bearing body of water (foreground) advanced along the coast from the
south, following the rain. Probable source: the Wadi Taba ooutlet.
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Astrong southern storm on Dec. 11 caused damage to structures along the coast and tore
pieces of the shallow reef that were then stranded on shore.

121



Max Wind Speed

25

mfsec

o e i o o e 4 B o g e,

Max Wind Speed and Direction

(misoz)

(=

= <A A

*2007-2009
=200

30 4
C-Wi{misec)

ORI DTN STURR SIMIRD 20N TR D2 NN MINT MR MTITR SIRIRD 157 R
217N MRT AR MTTRR 2007 nRomn TR% a0 ena

Figure ES: Top- Maximum daily wind speed (m/sec). Bottom- Maximum daily wind speed
and direction since January 2007. This year’s wind measurements displayed marked by red

squares.
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Figure E6: Maximum and minimum 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 E8: Maximum and minimum daily values of relative humidity over the sea.
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Figure E9: Maximum and minimum daily water temperature at ~2.5m depth
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Figure E10: Maximum and minimum daily sea-level measurements.
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Figure E11: An acustuc Doppler current profiler (ADCP) looks up at the water column
from the sea floor 44-meters deep, on a flat surface off the southern edge of the IUIL The
ADCEP is connected with a cable to the IUI and sends real-time data directly to the IUI main
server.
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Figure E12: Current measurements during August-December at three depths — 6m (top),
20m (center) and 40m (bottom). On the left are descreet measurements (1-hour averages)
from each month. On the right are rose-diagrams showing the frequency of occurrence for
given directions (at 30° bins) from the entire period, given by the size of petals. Current
speeds are color coded and the area of each color within a petal represents the frequency of
occurrence for that speed.
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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, 2010.

Genus IUl | Katzaa | NR | Grand Total
Acanthastrea | 28 8 15 51
Acropora 66 123 180 369
Agariciella 1 3 3 7
Alveopora 6 6
Astreopora 15 11 27 53
Balanophyllia 3 3
Coscinaraea | 17 8 6 31
Ctenactis 8 8
Cynarina 2 2
Cyphastrea 94 40 50 184
Echinophyllia | 4 2 6 12
Echinopora 14 45 136 195
Favia 143 24 51 218
Favites 69 64 81 214
Fungia 2 3 9 14
Galaxea 2 8 9 19
Goniastrea 38 24 118 180
Goniopora 2 3 5 10
Gyrosmilia 29 5 6 40
Herpolitha 2 4 6
Hydnophora 4 2 4 10
Leptastrea 35 28 14 77
Leptoria 1 1
Leptoseris 1 1
Lobophyliia 4 4 59 67
Millepora 75 3 10 88
Montipora 24 88 156 268
Mycedium 1 4 21 26
Oxypora 1 1 2
Pavona 8 38 13 59
Platygyra 7 2 11 20
Plerogyra 1 4 2 7
Plesiastrea 16 3 22 41
Pocillopora 42 4 19 65
Porites 36 50 78 164
Psammocora | 4 20 12 36
Seriatopora 3 14 19 36
Siderastrea 19 1 20
Stylophora 125 62 69 256
Turbinaria 2 1 5 8
Grand Total | 933 705 1236 2874
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Table G2: list of corals found in the fixed areas monitored by photography, 2010.

Genus NB | Dekel | Katzaa | NR | IUl | Taba | Total
Acanthastrea 1 4 2 6 3 16
Acropora 2 38 50 58 | 14 17 179
Alveopora 1 1 1 18 21
Antipathes 1 1
Astreopora 2 2 1 1 6
Balanophyllia 3 3 1 4 1
Coral sp. 2 13 11 4 74 18 122
Coscinaraea | 2 2 4 3 1
Ctenactis 3 3
Cyphastrea 2 8 13 21 | 62 25 131
Echinophyllia 3 1 1 4 7 16
Echinopora 6 20 39 50 | 19 10 144
Favia 8 13 15 6 | 100 | 30 172
Favites 9 18 35 20 | 71 18 171
Fungia 4 7 4 4 3 22
Galaxea 3 1 2 3 9
Goniastrea 13 20 24 39 | 93 69 258
Goniopora 5 1 6
Gyrosmilia 1 1
Herpolitha 2 1 1 4
Hydnophora 4 8 12
Leptastrea 12 2 10 5 54 21 104
Leptoria 1 3 1 5
Lobophyllia 17 10 7 8 42
Millepora 2 5 55 53 115
Montipora 4 14 37 11 9 6 81
Mycedium 2 3 9 2 16
Oxipora 1 1 1 3
Pavona 4 5 15 4 3 6 37
Platygyra 11 6 8 21 18 64
Plerogyra 3 1 3 7
Plesiastrea 1 5 6
Pocillopora 7 1 6 10 10 34
Porites 16 32 13 16 | 13 36 126
Psammocora | 4 3 2 9
Rhytisma 3 5 17 6 2 33
Sarcophyton 1 2 3
Seriatopora 3 1 11 5 20
Sinularia 1 1
Stylophora 13 10 18 16 | 71 20 148
Tubipora 1 1
Turbinaria 4 1 1 6
Xenia 5 11 15 48 1 1 81
Total 172 | 272 330 382 | 733 | 452 | 2341
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Abstract

Worldwide, a significant part of the fish industry is based upon rearing fish in cages, usually at
areas close to shore. Those facilities have a significant influence on the immediate environment
and the benthic organisms beneath them due to the release of organic material and nutrients that
can cause eutrophication in the water column and hypoxic-anoxic conditions in the sediment.

For about 18 years, fish cage aquaculture facilities were located at the northern end of the Gulf of
Eilat, about 300 m offshore and very close to the Israel-Jordan border. Rising concerns about the
potential damage inflicted on the gulf’s ecological system and littoral environment was the center
of a heated scientific, legal and public debate that ended with the National Council of Planning
and Construction ordering their complete removal, which occurred in June 2008. The cessation
of open water fish cage aquaculture operations in the Gulf of Eilat has created a unique
opportunity to monitor the process and assess the time that is required for the benthic
environment to rehabilitate.

The goal of this research was to monitor the changes in the benthic foraminiferal assemblages in
the area where the fish cages were located, and use these data as a measure for the rehabilitation
of the benthos. Monitoring was done by monthly sediment core sampling, starting right after
removal of the cages, from stations at varying distance from the former cage location. Cores were
cut to 1 cm thick slices and stained with Rose-Bengal to distinguish between living and dead
foraminifera at the time of collection. Changes in diversity and abundance of the living
assemblages in the top 1 cm of cores from stations located 0, 20, 40 and 80 m from the cages
previous location were monitored.

Our result show that the benthic environment below the fish cages was severely influenced by
organic matter loading, resulting in an environment with almost no living foraminifera. About 1
year after the removal of the cages there was an increase in the abundance of living foraminifera
in the sediments, concurrently with the re-appearance of Halophila (sea grass). Almost all living
specimens found in the sediment were Assilina ammonoides which is normally most abundant at
this area at depths >60 m. The return of Halophila stipulacea to the area also indicates
environmental recovery for epiphytic species. All living species found on the seagrass were also
found in the dead assemblages, suggesting seagrass meadows that existed before eutrophication
are the source for some of the species in the dead assemblages.

Keywords: Fish Farms. Gulf Of Eilat, Organic enrichment, Ecosystem recovery, Benthic
foraminifera, Diversity, Abundances
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