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Dr. Yonathan Shaked, Program Manager
Prof. Amatzia Genin, Scientific Director
(March, 2008)

Introduction

This report describes the work and results of the Israel National Monitoring Program
at the Gulf of Agaba (NMP) in 2007. It is divided into chapters according to the various
habitats and methods covered 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.

This is the fourth year in which the NMP operates regularly and data is collected
using similar methods by the same 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 four years. A comparison of the present-day state
of the reef with historical data can be found in the NMP report of 2004.

This report is available through the web site of the Israel Ministry of Environmental
Protection: www.sviva.gov.il and that NMP web-site: www.iui-
eilat.ac.il/index.aspx?page=NMP.

Key findings

The coral reefs of Eilat

1. A healthy coral reef comprises high utilization of available substrate for coral
growth, high species diversity and healthy coral colonies. Additional variables are meant
to provide early estimates regarding the state of the reef, and to indicate processes that
may eventually impact the reef’s health. Despite deep mixing of the water column that
exported plenty of nutrients to the surface and resultant algal blooms in the water column
and on the sea floor, most of the variables measured in 2007 indicate an improvement. As
noted before, these data are insufficient to draw a long-term trend, but it is encouraging
that the system fluctuates towards healthier reefs.

2. The patchy character of the reefs of Eilat, that manifests in large areas of
unconsolidated substrate on which corals cannot settle, calls for coral cover data to be
normalized by the area of consolidated (hard) substrate. When normalized coral cover is
considered, all sites display similar values i.e. strong local inhibition of reef growth at a
given site is not recognized. When data is compared across the years since 2004 a rise in
the normalized coral cover is indicated this year. Values from all sites were higher in
2007 than in 2006. At the IUI-5 and IUI-15 sites this seems a continuous rise since 2004.

3. High utilization of available substrate is achieved though large coral colonies,
rather than the addition of small colonies (settlement). A negative correlation between the
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abundance of small colonies and utilization of available substrate provides further
indication that a healthy reef in Eilat is a reef with abundant large colonies. High
abundance of small colonies in Eilat indicates a stressed reef. It seems that the reefs in
Eilat are not settlement-limited.

4. The data collected by the NMP in the years 2004-2006 indicate a statistically
significant decline in the percent of live tissue in living coral colonies. In 2007 an
increase in the percent of live tissue was found at all sites. Although the change is small,
the finding is significant when the large number of colonies surveyed is considered.

5. The Shannon-Wiener species diversity index for each site (rather than for an
average 10m segment of each site) was calculated using EstimateS software (Colewell
2005), freeing the estimated diversity index from dependency on the patchiness at each
site. Large changes between the years, since 2004, were not detected, but the diversity
index estimated in 2007 was at most sites lower than that of the previous year. The 20
most abundant coral genera comprise 95% of the coral area surveyed. Genera richness,
however, is much greater than 20, exceeding 40 genera in the richest sites (KATZA-20
and IUI-5), giving additional significance to the presence of rare species in the reefs of
Eilat.

6. The reef table at the southern part of the Nature Reserve was surveyed for the first
time this year. A particularly low utilization of available substrate was found (compared
to the other, fore-reef sites). It is worth noting that the reef table comprises almost
exclusively of hard reef-rock. Along with the low utilization, a low density of coral
colonies was found. In other variables, such as the diversity index or the percent of live
tissue in living colonies, the reef-table is not outstanding although it has values that are
generally on the low end of the site-spectrum. It seems that the reef table is inherently
different than the other sites, and direct comparison is not warranted. Since this is the first
year the reef-table was surveyed the collected data will be the standard to which
additional data will be compared in coming years in order to evaluate trends and
processes at this site.

7. Photo-survey sites provide direct year-to-year comparison of particular points and
colonies. They do not provide a statistical representation of coral cover, diversity or
abundance for the entire site. In difference to the rise in most indexes noted in the
statistically comprehensive line-transect reef survey, at most photo-sites excess mortality
over settlement was found in 2007. Nonetheless, at most photo-sites a net growth of
corals was measured since 2004. An exception is the IUI where “negative growth” was
measured since 2004, despite signs of recovery and development calculated from line-
transect data. The over area covered by corals has also dropped at the Dekel site, and for
non-branching corals at the Taba site.

8. The distribution of coral genera and the temporal changes in the photo-survey sites
represent stability of the reef community and do not reflect unusual growth or a
catastrophic decline.

9. Coral colony density at the Nature Reserve lagoon was lower in 2007 than in the
previous year, but the changes between years are not statistically significant and it seems
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that the lagoon population is stable.

10. The population of Sea Urchins during the period 2004-2007 seems stable at the
surveyed sites (IUI and Nature Reserve), with values in 2006 being particularly low. The
population of Sea Feathers seems to grow consistently, except at the IUI-5 site.

11. 2007 was marked by a particularly intensive algae bloom that was manifest in
benthic algae mats covering sandy slopes and reefs, and in high benthic algae growth-
potential measured off the [UI. The growth rate of benthic algae seems to drop along a
depth gradient for maximal values at the lagoon to minimal values at 20 meters depth. At
all depths grazing seems to successfully check benthic algae growth.

12. A survey of reef fish was conducted for the first time this year, at the southern
part of the Nature Reserve. Lacking previous data, the data collected this year will be the
measuring stick for future findings.

Coastal water

13. Most chemical variables measured in the coastal waters of Eilat are controlled
by the seasonal cycle of summer stratification — winter mixing of the upper water column.
Accordingly, the concentrations of most variables (nitrogen, phosphate, silicate) are
higher in the surface waters during the winter. 2007 had an exceptionally deep and long
mixing period, apparent in high nutrients and Chlorophyll-a concentrations measured
February-April. Nutrient concentrations at the surface were generally higher this year
than in previous years, and intense phytoplankton algal blooms — and thus high Chl-a
concentrations — resulted.

14. In addition to the natural seasonal cycle it seems that the coastal waters of Eilat
are occasional affected by contamination inputs that alter their chemical properties. These
changes are measured on a local scale in close proximity to the source. Abnormal
nitrogen concentrations were measured near the northern sampling stations (Fish Farms,
Northern Beach and Navy/Meridien) during summer and autumn months. In particular,
exceptionally high nitrogen, coupled with low salinity, measured in May at the
Navy/Meridien station indicates direct input of saline nutrient-rich groundwater at this
site.

High Ammonium concentrations, higher even than last year’s, were measured at the
Fish Farms station mostly at the beginning of the year. Ammonium is a very short-lived
form of nitrogen in the sea and thus its presence indicates an input source. It seems that
the area near the northern stations and the Navy/Meridien are often subject to
contamination, albeit from a different source.

15. A survey of fish pathogens and diseases was carried out by the NMP for the first time
this year. The survey, initiated by the NMP, was conducted by A. Diamant, G. Heinisch
and A. Colorni of IOLR-NCM. Results were compared by the authors to previous data.
Changes in parasite infection prevalence were relatively minor, displaying some decline.
However, intensities of infection (mean number of parasites per infected host) by
heteroxenous gut parasites indicate a steady decline when compared with previous
years:1981-1985 and 1995-2000. A decline in the abundance of intermediate hosts that
transmit these parasites (e.g. molluscs) may have such an effect on their infection
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intensities in the final fish hosts. Thus, the drop in abundance of parasitofaunal elements
of the rabbitfish may infer that the diversity of the reef habitat is declining.

The presence of well-known deadly bacterial pathogens in wild dead fish found by
NPA personnel is worrisome. Although the number of wild fish examined was small and
variability high, the percentage of infected fish is similar to that found in previous
studies.

The open water column

16. The seasonal cycle of summer stratification — winter mixing of the upper water
column is the dominant featured observed in the concentrations of nutrients, dissolved
oxygen and the dynamics of phytoplankton population in the open waters. The multi-
annual is governed by the depth and duration of annul mixing, and the amount of
nutrients accumulated in the deep water. Mixing this year was especially long and deep,
and its affects were felt in measured concentrations in the water column as well as in
benthic algal blooms on the sea floor. Mixing of the entire water column to >700m and
>800m occurred through February and March respectively. This deep mixing changed
sea water composition, and many of the adverse trends measured in previous years were
reversed: nutrient stores in the deep waters of the gulf were greatly depleted, and the
dissolved oxygen stores were replenished.

17. Year 2007 saw a particularly intense planktonic algae bloom that contributed to
the observed trend of rising spring Chlorophyll-a concentrations since 2004.While many
of the observed nutrient trends since 2004 may now be considered multi-annual cycles
coupled to the extent of winter mixing, a continuously rising spring Chl-a concentration
may still represent a long-term trend.

18. Compared to the deep mixing event of 2000 (mixed depth of approximately
640m) nutrient stores in the deep water were slower to replenish this year. In the months
following the extreme values produced by winter mixing, nutrient concentrations rose
and oxygen concentrations dropped in the deep water in 2007 at half the year 2000 rate.
This is an encouraging sign indicating a significant decrease in primary production
between 2000 and 2007.

19. A particularly large decrease was measured in deep water silicate stores
suggesting an increase in the presence of siliceous algae whose bloom may speed
transport of silicate to the sea floor and its subsequent removal by burial.

20. Despite this year’s deep mixing and cooling of the water column a gradual rise in
deep water temperature since year 2000 is still apparent. In previous years it seemed there
was a coupling of deep water temperature and nutrient/oxygen concentrations, but while
the latter changed dramatically this year, reversing ‘trends’ observed since 2000, deep
water temperature seems to continue rising following the 2007 deep mixing.

Continuous measurements

21. Following this year’s deep mixing several peaks in Chlorophyll-a concentrations
—i.e. planktonic blooms — were measured, that are beyond the range of values measured
in the past two decades off the Observatory pier. Particularly high values were measured
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during August when Chl-a concentrations vastly superseded “normal” summer values. It
seems apparent that deep mixing that brought to the surface an abundance of nutrients
directly influenced the frequency and intensity of planktonic algae blooms.

22. The maximal SSTs measured this year continue to rise above the maximum
multi-annual average. The highest SST measured this year was the highest measured
since 1988, and peaks extending beyond the recorded range were measured in July and in
August.

23. This is the first complete annual cycle in which meteorological variables were
measured by the NMP. Several southerly storm events were recorded, as well as intense
low-tides that exposed shallow corals. During the low-tides of March 2007 (March 18-
21) while shallow corals were exposed extremely high solar radiation was measured. This
combination of conditions may damage exposed coral colonies and effect the population
structure of the exposed reef sections. It is still early to assess the long-term impact of this
series of low tides on the reefs of Eilat.
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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 B6: 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-

2007. The year 2007 recorded significantly higher substrate

utilization in all sites combined than previous years.
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Coral Density vs. Coral Cover, per site
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Figure B8: The density of coral colonies versus the percent coral cover. Top - per line
transect (10 meters in length); bottom — average density per site.
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Coral Density on hard sustrate vs. Substrate utilization, per site
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Figure B9: The density of coral colonies versus the percent hard cover utilized by corals.
Top - per line transect (10 meters in length); bottom — average density per site.
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Site

N transects
Stony coral (%)

SD
SE
Ccv

Octocoral %

SD
SE
Ccv

Loose substrate

SD
SE
Ccv

Rock (%)

SD
SE
Ccv

Dead Coral (%)

SD
SE
Ccv

Colonies/10m

SD
SE
Ccv

Live/available

SD
SE
Ccv

Colonies/10m available

SD
SE
Ccv

Katza 10
10
27.0
7.3
2.3
0.3
2.2
3.1
1.0
1.4
37.3
15.8
5.0
0.4
26.2
9.2
2.9
0.3
6.9
4.4
14
0.6
31.2
7.9
2.5
0.3
51.1
11.0
3.5
0.2
59.2
10.8
34
0.2

Katza 20
11
29.7
8.1
2.5
0.3
4.7
4.9
1.5
1.0
36.0
19.1
5.8
0.5
23.9
11.2
3.4
0.5
5.3
3.8
1.1
0.7
34.4
11.5
3.5
0.3
56.9
13.6
41
0.2
63.4
13.5
41
0.2

NR table
11
22.4
3.6
1.1
0.2
2.8
2.3
0.7
0.8
6.9
7.9
24
1.1
63.4
9.2
2.8
0.1
3.9
2.0
0.6
0.5
18.7
4.8
1.4
0.3
26.3
4.3
1.3
0.2
22.1
5.4
1.6
0.2

NR S
9
46.7
12.4
4.1
0.3
22
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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.
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Figure B10: Top - size distribution of branching coral colonies in the surveyed sites. Sizes
are: Small<S ¢m; 5 cm <Medium< 15 cm; 15 em <Large< 30 cm; Huge>30 cm. The number
of colonies is normalized to a transect length of 100 meters. Bottom — the change in number
of colonies per 100 meters of each size group surveyed in 2007 and 2005.
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Figure B11: size distribution of non-branching coral colonies in the surveyed sites. Sizes
are: Small<S cm; 5 cm <Medium< 15 ¢m; 15 cm <Large< 30 cm; Huge>30 cm. The number
of colonies is normalized to a transect length of 100 meters. Bottom — the change in number
of colonies per 100 meters of each size group surveyed in 2007 and 2005.
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Figure B12: The Live Tissue Index (LTI) for corals in the surveyed sites. The LTI is the
percent area of live/healthy coral tissue out of the total area of each living colony.
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Figure B13: Changes in the state of coral colonies over time according to the average % of
living coral tissue (LTI) from all sites over the period 2004-2007. The year to year
differences are statistically significant.
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Figure B14: The Shanon-Wiener diversity index of coral genera and species in the surveyed
sites estimated by the EstimateS software (Colwell, 2005 ;
http://viceroy.eeb.uconn.edu/EstimateS).
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Figure B15: The twenty most abundant coral genera in the reefs of Eilat (according to their
cumulative measured length in the line transects) in the years 2004-2007, arranged
according to their abundance in 2007.
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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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Small colonies vs. Substrate utilization
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Figure B16: The percent fraction of small coral colonies versus the fraction of available
substrate that is utilized by corals (% live cover/% consolidated substrate). The regression
line between points excludes the NR reef table site that evidently obeys a different rule.
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Figure B17: Sites of the photo-survey of coral reefs along the Eilat coastline (green
markers).
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Figure B18: 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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Site No. of Branching corals Non-branching corals All corals
Pictures (stony) (stony) (stony, soft, millepora, others)

No. of Area No. of Area Count (#) Area (k-pixels)
colonies (k-pixels) colonies (k-pixels)
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Table B4: Summary of the areas and number of corals surveyed in the 2007 photo-
survey session. The “area” of a colony is its pictured area. Areas are given in pixels to allow
for iner-annual comparisons and to avoid inaccuracies of calibration attempts to “real
surface area”. The number of colonies refers to colonies for which area data is considered
and the total number of colonies is given in brackets.
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Average density of branching corals
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Figure B19: The average density (colonies per photograph) of branching (top) and non-
branching corals (bottom) at the photo-survey sites since 2004.
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New recruits and newly deceased in All corals
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Figure B20: Colony recruitment and death for all corals (top) and for stony corals only
(bottom) at the phot-survey sites in 2007. 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 2004-2007
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Figure B21: Growth of corals between 2004 and 2007 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 B22: The average change in live cover for each site. Area changes are the difference
in colony area between colonies of both photos normalized by the colony area of the earlier
photo and given as percent change.
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Figure B23: Size distribution (percentage of colonies for each size group- photographed
colony area) of stony corals pictured in 2007.
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Figure B24: The twenty most abundant corals (by area) in the 2004-2007 photo-surveys.
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Figure B25: 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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Relative abundance (by number of colonies)
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Figure B26: Relative abundance of the dominant coral genera in the lagoon (these total

92%).
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Figure B5: The average density (colonies per square meter) of all corals and of the
dominant coral taxa found in the lagoon. SE= standard error.
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Figure B27: The average density (colonies/square meter) of the dominant coral genera
found in the lagoon in 2004 - 2007.
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Figure B28: 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 B29: 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.
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Location Meters surveyed
IUI-10 180m?
IUI-5 200 m?
NR-10 360 m?
NR-5 370 m?
Total 1110 m?
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Table B6: Area surveyed at each site.

TNV PIDIT AT 9NN ,0°7 IR X7 NPT 0 1°2R NUIIWA N2 AW 290 NXIAp
.302 71°R2 NA¥YA 1POIY 2°INRA 0771 CT9°P MDY .Diadema setosum X

IRII NATIPA ML NIwD axNwa 5-TUT 9nR2 AREnI 0 07190 YW N2 91747 MDvOXa
.0°P0177 2°INRA 992 ,0792 D. sefosum -1 9932 071 9P MDY 729y 790 N°I0NN Mwaw
Qv 71 .NPIWOR 1R D°IWHT 192 NPWOCHYD ARMW 12 9T 0N DY NN JIWaw M1 W ,a9R
DX TN 20 MIPORM NMIRXINT 12 2V ,72772 2173 0w 730221 NP 73278 SWINT P08 NV NRT
.0°IP0IT 0°INKRA 28N

(312 71°%) 2004-2007 2°aws3 Twn2 ANy 19D 3 RN, NPXAN MWWIRNT NowNl

46



Diadema average density 2004-2007
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Figure B30: The average density (per m?) of Diadema setosum (top) and all sea urchins
(bottom) at the sampling sites.
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Feather Star average density 2004-2007
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Figure B31: The average density (per m®) of feather-stars at the sampling sites.

NR-5 NR-10 IUI-5 IUI-10

total density | total density | total density | total density

Diadema 560  1.51 | 354 098 | 548 274 | 261 145
Other sea Urchins 47 0.13 4 0.01 26 0.13 24 0.13
Sea Star 0 0.0 2 0.01 0 0.00 1 0.01
FeatherStar | 74 020 | 70 049 | 25 043 | 55 031
Sea Cucumber 21 0.06 28 0.08 10 0.05 4 0.02

Q9T 29INR 7' NYRIART anDIDRy 5, WL TN nYLITT Son (@°w9p7 "pon) mmsw 72 aip =12
Table B7: Total abundance of invertebrates in the surveyed area (number of individuals),
and their relative density (per square meter) in each site.
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Figure B32: 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 B33: Average chlorophyll a on exposed (diamonds) and caged (squares) settlement
plates for 2004-2007. Each point represents one month (calculated as an average of three
plates submerged in the sea for two months).
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Figure B34: Average chlorophyll a during the months April-May on exposed and caged
settlement plates since 1997. Each point is an average of three plates submerged in the sea
for two months.
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Figure B35: Average chlorophyll a on exposed (diamonds) and caged (squares) settlement
plates at the Nature Reserve in 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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Tropic
Taxa Dweller* level** Occurrence
Pseudanthias squamipinnis Z 554
Neopomacentrus miryae Z 462
Chromis viridis Z 443
Pomocentrus trichourus 0 94
Dascyllus marginatus Z 64
Pseudochromidae C 45
Dascyllos marginatus a Z 41
Dascyllus aruanus % Z 24
Chromis dimidiata ° Z 23
Labroides dimidiatus C 16
Amphiprion bicinctus Z 14
Sargocenttron diadema Z 11
Gobiidae C 7
Dascyllos aruanus Z 1
Pomocentrus sulfureu 0 1
Scaridae H 120
Chaetodontidae Co 53
Acanthuridae H 36
Thalassoma sp. C 35
Zebrasoma H 27
Parupeneus sp. b C 25
Variola louti q‘g P 16
Wrasses ° C 9
Gomphosuse caeruleus C 8
Lethrinidae C 7
Balisitidae C 6
Epinephelus fasciatus C 5
Caesionidae Z 4
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Heniochus Z 3

Pomacanthus imperator C 2
Siganus sp. H 2
Total 2158
* Cryptic - close to/hides within coral/rock

Pelagic - away from coral/rock

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

SI0R NI DR DR T AP 23T MR (82 haw
Table B8: Fish abundance of at the southern part of the Coral Beach Nature Reserve.
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Figure B36: Distribution of reef fish according to trophic level.
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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 during 2007.
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JFigure C3: Monthly alkalinity at the coastal water sampling stations during 2004-2007

(TON — Total Oxidized Nitrogen = NO;3 + NO,) 181211 “IRINNIR 1210

(43 21R) 90T WTIN2 N QAN PRI OWTINA TRD Q22101 XA IRANNIR P 00
SWTINA NOM° 037123 17 73w 1AM 21190 .MINNT 202 IR IR1N292 17711 N2 0N 200V
SR PYAYE 212 2pY N0

11297 .0%3777 92192 NPT IROTIN\DT 2O 21w ORI TP 2O D20V INKAI TIWS OX
M99 123 11277 177 .6.17umol/l — 20377 %2192 NN R WTINA 7RI AW NP2 MANT 1PN
M OV T NPRN 2O PV R 19 91,0003 M0 RYY L0PW 97 213070 2 .07 °192 290300 200N
D°0IMIVIIT IRW PW TN T2 OO0 O3 ORN WTINA 17TAI IROTINNDT 1 21 WK 0 000
DR — DN SN — NROT NPRn 07 DRI DY DOTYR VI WK 2 19IRA 70111 M (12777 IR0)
ST IRA OO0

YR W L2129 IR 070 2 RIT 03 UIWI 18RI CIRAININ IR 11997 HW onIws nn
T (7I1997) NPYIDT 720WN 72, NIRRT 791PNY 2°AWn1 ,NANWN 0N NTIY 02
D°0IMIVIIT QW) PRIV N7 (22100 0IVT) MOWS A P2 2120V PRY N1°ON 2°0IMI0NA
MAT .DOPMAYI D72 1NPRY PN TUWN M NWYRY R0AN AN WTINA AT 1127y (201208
1WA YIA0Y PPV LINMID TTIVY TIWY INPOOKRT MK DI1T0A7 2223 0T AR TP 1IN

60



Total Oxidized Nitrogen (TON)

—+—FF —B-NB Nawvy PT —%—WPC —@—NR —+ Taba ——03

3.0
25 1

NO2+NO3 (umolfl)

.2004-2007 zeawa s2ym 21377 mann2 N1 (TON) uRewe + 039w n7eTa (43 91K
Figure C4: Monthly concentrations of total oxidized nitrogen (TON) at the coastal water
sampling stations during 2004-2007.
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Figure C5: Monthly concentrations of ammonia (NH,) at the coastal water sampling

stations during 2004-2007.
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Figure C6: Monthly concentrations of phosphate (PO,) at the coastal water sampling
stations during 2004-2007.
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Figure C7: Monthly concentrations of silicate (Si(OH),) at the coastal water sampling
stations during 2004-2007.
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Figure C8: Monthly concentrations of dissolved oxygen at the coastal water sampling
stations during 2004-2007.
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Figure C9: Salinity at the coastal water sampling stations during 2004-2007.
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Figure C10: Temperature at the coastal water sampling stations during 2004-2007.
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Figure C11: Secchi depth measurements at the coastal water sampling stations during 2004-
2007.

07A171°2 22771
a 2’91722

1772777 1071 IR ,TIN9T 27 NANN2Y NIPOIT MANANA NP0 2173 ML 28 ¥INwn a 2°01M%0 1191
7772 .(123 91°R) 7°P7 "WTIN2 N 070111 2°AR) 77T 7102 N°0M° 0% MA °07 YW n°YH3 ntana
NN R¥A1 NOM° 7123 112771 ,N1°A1777 NIAAN2Y MNDT 097 NINN2 7721 2N TN 11971 595
NIW32 >3 2991907 N2°7 7197 ,5Wn? ,Minoi 022 .(Y°p2 03 2712 0°1123 227 1771 QW) NIPNDXT
998 WA 0.266ugr/1 5w 21mvopn nw? ,(12n13a 0.463ugr/l -1) 91982 0.370ugr/l 2007
0°T123 DOM5°7 17T IR LY wIn2 0.914pgr/1 2279157 119°77 1707 IR0\ 2N 129K LTPNwR
MDXD DO TIWD NPOMY DIIRX TIW 17 201D 1107 L20ART NI — NIOINT MINNT 952 N
VAV 2127V0 M2pya

112597 N OMIPR ODIR KV 19 P¥Y ALWIT A2 MIXRT N7 772 WHawn a 2917195 131
N0 N223% (T AN 0IY=) DPOWINIR 2°°2 (2712 I 1AT2 1) MIDMINT MAOINT
NOHY .MER YW NoRIPR A°I9Y 210 WY 2711001 NPOOX L7107 L0700 MIAT 0T DY NIXRT
DOVWY PRI N QY MUWH o1 212752 ,ARIIT 930,01V AR 700 WA 27011790 11900
72, NPNWRY MITRY KD ARI 2OVIPIVNI 119772 W 777 1K @ 2917195 3 7017 w0 00102
01772 YW D997 NA1aN5 LAY 929907 O3 VOWIAY AN YOI DY N1PIY WY 0°2 MIXK 112w
(2°2121 ©°119°7) MIND 02 NIV NINNG (257123 0°115°7) NIPNOXT NAANT 1°2 2019 M2
2 9137 DR 791 2wl 970 172 D119 NN 2010 FIWYT DY 20X 2%An S9N DAl
PR DOWTITA RPNT NPIIDRT NIAMN2 71247 2201997 211077 O L,7IPA SWTIN2 71702 20100
.OW 27 P9I DR 7IWNT SN0 TR NOMIPR TIWYI Y 0oveaRn

66



Chlorophyll a
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Figure C12: Monthly concentrations of chlorophyll a at the coastal water sampling stations
during 2004-2007.
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Cell count: Bacteria
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Figure C13: Monthly concentrations of bacteria cells at the coastal water sampling stations
during 2005-2007.

Cell count: Synechococcus
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Figure C14: Monthly concentrations of cyanobacteria Synechococcus cells at the coastal
water sampling stations during 2005-2007.
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Cell count: Eukaryotes
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Figure C15: Monthly concentrations of eukaryote cells at the coastal water sampling
stations during 2005-2007.
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MINTI CNDXT DO 2N 100N (Siganus Spp.) DI TWIIWH D2IPNWAN 1970 AT RPN 7Y
wTIN2 (317 ¥102) MR 917 NNAW 79°% NP°9X2 10901 DOVID WY 7AW .P02 YT DR SW
QMYPAI NAXIYY aMMIW AP M1 0277 SNOXT 712 23T 12200 Wy-nvawy ,2007 vomIR
D°1N37 7017 ARNWAA P70 0NPR WK (splenic granulomata) 2 iR Syn Y9vn Sw
nTp ohawn
21905 71102 0501 07 100-150 Hpwna (Siganus rivulatus 1°n0m 0210) D0 D37 QYWD
7?7727 11037 1723 220010 ON2ORT ,19PWY 17721 19K 2237 .2007 12PN A" Hw 00T
MIRNNITI VTAWIT 7212 3P°727 AR2WIT 0702 Q2R DO DORINN 1997 K2 A9R NPT .00
.14.11.2007-2°"1%n Hw noa2100°77 372870 DR 0290w 397072

NIRYIN
21 17321 163 2R3 DX S. rivulatus 377 02101 .43 79 23 MIRDIVI 2°R21M MITPNIT RN
.(Dzikowski et al., 2003) nyamp o 1wn °°YO YD O 1N1

3 c U @)
» = W = g 03 % R 2 9
o r S5 @8 % S q = &
4 ® — s O oSl g |od|loss|od =4
o | o ) = el =9 g3 |°2|°c2|°5 °5
© 3 Q 28 S = ©Q > 5
a CA - = s w8 o) S
7% o8 3 3 S 7]
1 S. luridus 22.5 | 148.7 41 10 37 >200 12
2 22 148.3 2l 5 51 >200 3
3 21.5 | 133.2 41 4 59 >200
4 " 22.5 | 150 41 37 14 >200
5 S. argenteus 215 | 112.6 41 9
6 " 20.8 | 141.5 3
7 18 68.1 4
8 18 | 68 Q
9 " 18 59.8 ? 7
10 | S.rivulatus 26.5 | 221 Q 2
11 " 26.5 | 257 3 3 1 1
12 " 28 248 41 1 3
13 " 24.5 | 168 <) 1
14 " 23 135.7 Q 2 3 5
15 " 23 120 Q| 52 1
16 " 25.5 | 182.2 a1 7 1
17 " 20 86 Q| 28
18 " 25.5 | 154 Q| 25 2

SIMOR NI AR 2007 UDIMR IBERIW Siganus spp. Y372 2MUR S9IDY MIRIER 123 792w
Table C2: Occurrence of intestinal parasites in Siganus spp. collected in August 2007 at the
Nature Reserve.

70



2007 2000 1980
100 100 100
90 90 | 90
80 80 | 80 1
o 70 ® 70 @ 70
2 6 2 o0 § 60
2 s 2 50 < 50
2 404 2 404 ® 401
£ 30 £ 301 o 30
20 | I:l H 20 20 4 H H
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1 2 3 4 5 6 7 1. 2 3 4 5 6 7 1 2 3 4 5 6 7
Gut parasite species Gut parasite species Gut parasite species

9K Y 299177 29012 S. rivulatus-2 29°pn 99951 B (2TITRI) NIIOW NRMWIT 1163 K
Dzikowski - (372°2) 1980-1985 -1 (3522) 1995-2000 -1 ,(>r2%1 p0 Joxnwn2) 2007 2% 12

1 — Sclerocollum rubrimaris; 2 — Procamallanus :9p2INT 9982 23571147 299U et al., 2003
elatensis; 3 — Hexangium sigani; 4,5 - Opisthogonoporoides spp.; 6 — Gyliauchen volubilis; 7 —

Cucullanus sigani.

Figure C16: Comparison of infection prevalence of gut helminth parasites (%) in S.
rivulatus in Eilat's South Coast area. 2007 (present study, left), and 1995-2000 (center) and
1980-1985 (right) - Dzikowski et al., 2003. 1 — Sclerocollum rubrimaris; 2 — Procamallanus
elatensis; 3 — Hexangium sigani; 4,5 - Opisthogonoporoides spp.; 6 — Gyliauchen volubilis; 7 —
Cucullanus sigani.

2007 2000 1980

30 30 30

25 25

20

No. Parasites / fish
No. parasites / fish
No. parasites / fish
>
[

= *llagn .. “iEms

1 2 3 4 5 6 7 1 5 6 1 4 5 6 7
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29177 290772 (M1 AT2 av»onun 9p%%) S. rivulatus -2 2»y» SH9DY MDY RN (173 R
- () 1980-1985 ,(327m2) 1995-2000 ,(>r=% pe ox»wn) 2007 20uws P2 R Hw
1 — Sclerocollum rubrimaris; 2 — :PDINT %2 ¥R 2990WYA Dzikowski et al., 2003
Procamallanus elatensis; 3 — Hexangium sigani; 4,5 - Opisthogonoporoides spp.; 6 —

Gyliauchen volubilis; 7 — Cucullanus sigani.
Figure C17: Comparison of gut helminth intensity of infection (no. of parasite individuals
per infected fish) with data taken from S. rivulatus in Eilat's South Coast area (Dzikowski et
al., 2003). 2007 (left), 1995-2000 (center) and 1980-1985 (right). 1 — Sclerocollum rubrimaris;
2 — Procamallanus elatensis; 3 — Hexangium sigani; 4,5 - Opisthogonoporoides spp.; 6 —
Gyliauchen volubilis; 7 — Cucullanus sigani.

No. Histology #

Species Granulomata | Mycobacteria Zschokkella MMC*
1 S. luridus 9757-1 SL 050807 - - % +++
2 " 9757-2 SL 050807 + - - +++
3 9757-3 SL 050807 44+ - T+t it
4 " 9757-4 SL 050807 - - + Tt
5 S. argenteus 9758-1 SAr 060807 - - - +++
6 " 9758-2 SAr 060807 - - - T+t
7 9758-3 SAr 060807 - - - T+
8 9758-4 SAr 060807 - - - T+
9 9758-5 SAr 060807 - - + P
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10 S. rivulatus 9759-1 SR 050807 ++ +? - +++
11 " 9759-2 SR 060807 +? - +++ T+
12 " 9759-3 SR 060807 +? - - +++
13 " 9759-4 SR 060807 - - - T+
14 " 9759-5 SR 060807 +4+++ +? - Tt
15 " 9759-6 SR 060807 - - R N

16 " 9759-7 SR 070807 - - B —+
17 " 9759-8 SR 070807 ++ +? _ —
18 " 9759-9 SR 070807 +? - - +++

MMC = Melanomacrophage centers *

Also: nematode in liver **

Also: cyst in heart ***

SRR 7 nTRwa 2007 wDIAIN2 120K Siganus spp. AT 2oOMRIDT 2INRIRR 35 A9

Table C3: Histopathological results of Siganus spp. from the Nature Reserve

Histology # TL
(m BW
Species m) (9)
S. rivulatus 9794-1 SR 181007 139 | 41.8 ++
" 9794-2 SR 181007 140 | 51.2 ++
9794-3 SR 181007 143 | 51.8 -
9794-4 SR 181007 129 | 34.6 -
" 9794-5 SR 181007 138 | 48.3 -
" 9794-6 SR 181007 135 | 451 -
9794-7 SR 181007 130 | 33.0 -
9794-8 SR 181007 138 | 43.3 -
9794-9 SR 181007 142 | 49.9 -

" 9794-10 SR 181007 107 | 17.3 -
" 9794-11 SR 181007 141 | 48.6 -
" 9794-12 SR 181007 140 | 52.3 -
" 9794-13 SR 181007 142 | 514 -
9794-14 SR 181007 141 | 46.3 -
9794-15 SR 181007 135 | 41.0 -
9794-16 SR 181007 127 | 28.9 -
" 9794-17 SR 181007 148 | 61.1 -

A1PR I N S.rivulatus saTa Dmua nnTeana NIRRR (45 han
Table C4: Presence of granulomata in S. rivulatus spleens from the Eilat North Beach

29RO NMAY DY 227170 2912 2207 02 037 201D 1901 307 1P 7 Y IREA1 2007 T9nna
"HYa D°IND WXA1 (37%) 220D AWHRW .NPARIND P72 TNRY 1INTAVAY 1N2NT TR 00T
7°20 .Myxosporea-i7 NX12PR 2700 SWOHWAY DPTN TR 1 0MPnTA 0w 190p IRORIND
.53 719202 ©°%2107 2°NR O°ATA NN OREAN 51T D0ATT MR 1w 0 98 ORI

# Date Species Diagnosis

1| 22/06/07 | Echidna zebra Severe infection by Mycobacterium (prob. marinum)

2 | 07/07/07 | Thalassothia cirrhosa Fisherman's hook in the branchial chamber - No clinical signs

3 | 25/07/07 | Abudefduf vaigiensis Caught by fisherman - No clinical signs

4 | 26/07/07 | Ostracion sp. No clinical signs

5 | 14/08/07 | Platax orbicularis Severe enteritis due to the myxosporean Enteromyxum leei
6 | 19/08/07 | Unidentified moray eel Not fresh enough

7 | 02/09/07 | Unidentified moray eel Not fresh enough

8 | 31/10/07 | Parupeneus cyclostomus | Septicaemic infection by Streptococcus iniae

S"Ra ARIND TRTAR IRINTY MADR [T AMRWD 29NN INTA MWK T2 AT 15X TR
Table C5: Wild fish found dead along the Coral Beach Coral Reserve and examined at
NCM.
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Figure D1: Temperature profiles measured during the monthly monitoring cruises. Station
B is the southernmost and deepest station, and the Fish Farms station is the northernmost
and shallowest.
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Figure D2: Changes in water temperature at Station A since 2004. Black dots represent the
sampling depths.

76



400m depth 600m depth

216 - 21.6
R*=10.367
21.4 21.4 |
R=0.619

21.2 A 21.2
(=)
(1]
[
[=]

21 21
20.8 - 20.8
206 - 20.6 -
500m depth 700m depth

21.6 21.6

214 - RI-os5s57| 214 o
o 212 - 212
o
o
8 B 21

20.8 20.8

206 20.6

T T T T T T T T T T T T T T
Feb-00 Feb-01 Feb-02 Feb-03 Feb-04 Feb-05 Feb-06 Feh-07 Mar-00  Mar-01 Mar-02 Mar-03 Mar-04 Mar-05 Mar-06 Mar-07

20001 L2000 X 1R A manna (2vwn700 T 400 2opRIR) PRIDT R AMUNERY MWW 37 N

219 .27 1R LY "1 DR ani2v TR 29821 "2 PR UPIND NAADKR DRI MW NIk 2OMTIRR
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 J. Erez and B. Lazar.
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Figure D4: Salinity profiles measured during the monthly monitoring cruises. Station B is
the southernmost and deepest station, and the Fish Farms station is the northernmost and
shallowest.
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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, and the Fish Farms
station is the northernmost and shallowest.
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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 dissolved oxygen inventory in the water column at Station A since
2004.
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Figure D9: Changes in dissolved oxygen concentrations in 400m to 700m water depth at
Station A, since 2000.
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Figure D10: Depth profiles of pH values measured during monthly monitoring
cruises. Station B is the southernmost and deepest station, and the Fish Farms
station is the northernmost and shallowest.
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Figure D11: Changes in pH in the water column at Station A since November 2006.
Black dots represent the sampling depths.
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Figure D12: Alkalinity profiles measured during the monthly monitoring cruises. Station B
is the southernmost and deepest station, and the Fish Farms station is the northernmost and
shallowest.
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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, and the Fish Farms station is the

northernmost and shallowest.
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Figure D15: Nitrate (NO;') concentration profiles measured during the monthly monitoring
cruises. Station B is the southernmost and deepest station, and the Fish Farms station is the
northernmost and shallowest.
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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 (NQO;) inventory in the water column at Station A since
2004.
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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 J. Erez and B. Lazar.
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Figure D19: Phosphate (PO,*) concentration profiles measured during the monthly
monitoring cruises. Station B is the southernmost and deepest station, and the Fish Farms
station is the northernmost and shallowest.
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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.
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Figure D22: The N:P ratio at Station A since 2000. Data from the years 2000-2002 were
collected during the Peace Park Project and are provided courtesy of J. Erez and B. Lazar.
Red line is the regression line for all data points.
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Figure D23: Silicate (Si(OH)4) concentration profiles measured during the monthly
monitoring cruises. Station B is the southernmost and deepest station, and the Fish Farms
station is the northernmost and shallowest.
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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: Fluorescence profiles measured during the monthly monitoring cruises. Station
B is the southernmost and deepest station, and the Fish Farms station is the northernmost
and shallowest. Fluorescence units are arbitrary.
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Figure D27: Chlorophyll-a concentration profiles measured during the monthly monitoring
cruises. Station B is the southernmost and deepest station, and the Fish Farms station is the
northernmost and shallowest.
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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 water depths of 40 and
60 meters since 2000. Data from the years 2000-2002 were collected during the
Peace Park Project and are provided courtesy of J. Erez and B. Lazar.
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Figure D30: Concentrations of prokaryote Synechococcus, eukaryotes and bacteria in the
water column.
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Figure D31: Concentrations of prokaryote Synechococcus, eukaryotes and bacteria in the
surface water. Each data point is the average concentration in the upper 50-60 meters.
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Figure E1: Chlorophyll a concentrations sampled daily at the Underwater Observatory
jetty in 2007 (thin red line) and the long-term average (1988-2006, thick green line). Thin
black line marks the 90% of all accumulated data.
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Figure E2: Daily sea surface temperatures measured from the Underwater Observatory
jetty during 2007 (red line), the average SST for 1988-2006 (blue line), and minimum and
maximum values from 1988 to 2006.
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Figure E3: Top — Daily sea surface temperatures measured from the Underwater
Observatory jetty since 2002. Linear regression (y=0.030x-37.72) represents the long term
trend of rising SST since 1988 (data courtesy of Amatzia Genin). Bottom — Maximum SST
calculated as the running mean of 3 and 7 day intervals (in blue and red respectively) for
each year since 2002.
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Figure E4: The meteorological station at the end of the IUI pier.
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Description Manufacture Model
Wind monitor MA (speed and direction) Young 05106
Air temperature and relative humidity sensor Campbell HMP45C
for temp and RH sensor Casing (radiation protection) Campbell 41003
essure sensorBarometric pr Young 61202
Barometer pressure port (to minimize errors caused by wind flow) | Young 61002
Global radition sensor Kipp&Zonen | CM11B
Water pressure sensor (includes temperature sensor) Campbell CS408
Water temperature probe 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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Figure E5: Top- Maximum daily wind speed (m/sec). Bottom- Maximum daily wind speed
and its direction.
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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.
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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: The severe low tides of March 18-21, 2007 exposed many shallow corals, and
coincided with exceptionally high radiation.
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Table G1: List of corals found in the coral reef line-transect survey, 2007.

Number of colonies
Genus Ul NR | KATZA
Acropora 63 145 144
Agariciella 2 0 1
Alveopora 0 3 6
Astreopora 5 27 17
Balanophyllia 4 1 0
Blastomussa 0 0 1
Coscinaraea 14 3 6
Ctenactis 0 7 0
Cynarina 4 1 1
Cyphastrea 82 55 44
Echinophyllia 5 17 2
Echinopora 12 93 41
Favia 158 70 29
Favites 83 76 65
Fungia 5 5 6
Galaxea 1 6
Goniastrea 14 70
Goniopora 2 16 13
Gyrosmilia 26 5 5
Herpolitha 0 0 2
Hydnophora 0 7 0
Leptastrea 35 24 24
Leptoria 3 1 0
Leptoseris 0 1 0
Lobophyllia 3 63 6
Millepora 62 19 7
Montasrea 0 7 0
Montipora 34 95 102
Mycedium 0 9 4
Pavona 8 12 32
Platygyra 11 37 4
Plesiastrea 0 3 0
Pocillopora 23 12 1
Porites 34 59 37
Psammocora 4 5 15
Seriatopora 0 21 4
Siderastrea 19 1 1
Stylophora 151 99 58
Turbinaria 2 3 0
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Table G2: list of corals found in the fixed areas monitored by photography, 2007.

Genus NB Dekel Katza NR 1UI Taba Total
Acanthastrea 1 2 2 2 6 13
Acropora 2 41 58 51 2 13 167
Agaricia 2 2
Alveopora 1 2 11 1 14 29
Anemone 1 3 3 1 8
Astreopora 4 3 7
Balanophyllia 2 4 1 2

Blastomussa 1 1
Coral sp. 3 1 5 13 18 11 51
Coscinaraea 5 8 1 4 18
Ctenactis 1 4 5
Cynarina 1 1 1 3
Cyphastrea 2 6 18 26 34 20 106
Echinophyllia 1 2 1 1 2 8 15
Echinopora 6 17 28 51 4 7 113
Favia 5 13 5 6 52 33 114
Favites 8 4 26 20 30 14 102
Fungia 2 6 4 7 1 3 23
Galaxea 6 1 1 8
Goniastrea 12 24 14 55 33 60 198
Goniopora 7 5 2 14
Herpolitha 1 1 2 1 5
Heteroxenia 1 1
Hydnophora 3 1 8 12
Leptastrea 11 2 9 3 10 15 50
Leptoria 1 1 2
Leptoseris 2 1 3
Lobophyllia 28 5 10 3 1 47
Millepora 2 9 30 46 87
Montipora 4 13 40 22 4 9 92
Mycedium 2 1 8 1 12
Oxypora 1 1
Palythoa 6 6
Pavona 9 6 8 2 2 2 29
Platygyra 8 9 1 8 7 11 44
Plerogyra 1 1 6 8
Plesiastrea 2 1 3
Pocillopora 7 1 2 6 7 23
Porites 21 48 11 17 4 34 135
Psammocora 2 2 2 6
Rhytisma 1 3 6 12 5 2 29
Sabellidae 3 3
Sarcophyton 2 2
Seriatopora 2 1 6 7 16
Sinularia 1 2 3
Sponge 4 6 1 9 20
Stylophora 8 16 19 24 21 14 102

118



Tridacnha

2
Tubastrea 2
Tubipora 1
Tunicate 3 1 5
Turbinaria 6 1 7
Xenia 22 52 10 37 2
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.2nR 2R (Hughes 1994) 7R 1K' N1 0979 7003 1w

DN DY NYIIT D01V TIWYA OV NOYAL NPT WA DK Y9N NN
DOIAR 27 ARMWIA NPT A7 7 N (1 rR) (Genin et al. 1995) oona nTny 71202
TR, 1777 ,NA0WA DO DTN DOPNAY DN N 0NN AW M PORA D10-2100) 291705 IR
(NIRYAT 720W2) D211HY 0°H2 DOLIBIVIT NI LD PNV 017 AIPHYR 720w 192 0O N2vn
2127 W 900 2007 N0 12PN LN IR NIERT 21773 T 21N IN1°2 0°1%1 D7 T 9PN2
D°OMM2 .PIN-IR112D T 2""72 TWNI 7T 2127 .aNYPWI 0O 210 N°PH ¥ (convection) Y2IR
7191PN2 (1992 7Mina ' 860 XnNT?) TRA DONTA QPRI YOI DR TV WA 127 TN 0P
MZRT 2w SNAANT WD 72 1T 7 IR M3 MIEKRT 21773 231 200100 DY D000V 0O
X°2777 219957 127 ,¥3¥n7 5¥ M0Pnwn MERT 77102 03 2°07112 .00 20101 2w 27PN N2
2°2R2 MIXRI 0710°01 IRYIND 1NN NPOR2 NOIWA JART ONNRD NPWAND .0°209R 2w N°2°0n anvan?
Py 2005 7702 .0P0 PINY 21272 19ORNT 2NN 22900 3w .(Genin et al. 1995)1992
IR NYow: 7 850 Mok YW Py 2127y wiang 2006 1w % 600 D ¥ 29RMPI0PNT 212797
PN YXANT 172 252K MDD PNWA M0 7Y IR NONY PIAYT 21290
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IXRT OW 1707 DRITIVIDDY 2201 2119772 100 AR OV 2O 0T DY MIRRT
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,AT PR ,19 .07°N02 912720 2YTAW L, TTORA, NMIXR DW WiaInnn 217°A7 28p2 MW R, TR, 20
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LNR 902 5192 79277 MERT NWADY 77 1197 MDWITT NPMT 12°RY V00 Hw
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WTIN 2T LAXANY ORIPR IDIND YAPI DR 292 N1PMDT 2P 0000 IR 123800 (P 21pn)
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11972 ,0%%W° noavn

128



SY 711007 1723717 19K 1OV 12WINaW MERD 1100V 1990 T4 ,0%7 72 DM DRENT NRD
10°0 MERIW 77912 .0°00 DTV K97 ,7099977 923 P MR RN DX 19772 77 1100 .GF/A 1090 °23
N°010% D123 VYD .2WONY IO0IM , 77012 AR MR YW AT PRI ,2199:7 71213 90 DR
non (S, W. Jeffrey et al., 1997) 50% Acetone-50% Methanol 2w 1771 2" 30 79000
7P MWW 24 HW PX2IP1RY 7019 ,TIR NOYID NYAIAY A0 7121 ,ITOR NYRIAY 1ORI92 N0
AWIDIMWPOD MYRARD NI RANT 291 ,mm 3 X 5™ 1nphi xR oin av .(4°0)
T. R.) nx27 &m0 >7 5y 2w Chlorophyll-a 113°7 .30nm, 647nm, 664nm :93 *37R 7w12w2
30*(11.85*result 664nm-1.54*result 647nm-0.08*result :(Parsons et al.,1984
630nm)/100
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-5°917175 ORNAT NPT TNRD NPMY °07yn 101217 2007 °11°21 2006 127872 71w 07Ny
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MYXNARA JORAAT TTARY WM, 22011170 11277 D777 W TR PO .27 17pwn 71 GF/A
(60%) MMN2 W2 "1Wwn PO 21D 11970 NTOTAY 79YAY D71 KO NWRIT LD W Hpwn
2PWN MWW 4 qwn? (450°) 795w 1IN 101217 MW MERT .2W 9PW 191 INR Myw 24 qwnb
I NINDY AR AW A9 INRD MXKT 1721 MW2T MIERT 1°2 Dpwinn won .nowohw oy
.(Ash Free Dry Weight) n1x&2 *137857

IR NP1 1O LA

30 NI7A7 .(ANR 922 NI AW NPMY 6 2w 7770 70101 MW YW WA 7oY nnk
Qv 7 .07N2197I1 22110 DY TAN0TA 1IRIR PRIWS "7 OT-08 Ay Auho; DY MyeomT MERT
MIYNT N7 0902 1AW MERT MMY 712 0921992 MAZw M2TTAT MIERT 177 2o172 1IRY
1AW 21 INIRD I ROW MIRHNT IWORT N7 ,01° NN DIPOIP A NIV 7wyl MM MITnxn
P2R7192 19 RN, NODRYIT RPN M MREATT A PR o2 7Y (-20°C) apny aRopaa
Dr. ,Prof. Clinton Dawes —USA ,21°V °7111 1" >7°-5Y 7773772 02w ,1°7°1 117 XY WR NIRRT
(Huisman et al., DAXNT 722111020 1502 W AWY1 NMXKRT NNT7A72 .Athanasios Athanasiadis —Greece
.2007; Einav 2004; Littler et al., 1989; Nemlich 1964)

NI °70m DO YW anvew .7

701 W MO0 MNIR NN NTINW SW 2°1p21n7 A0 PP 197w 2006 122190 WA
DNYWI 12731 MO0 N NATRAY M7 (belt transects) D137 MYIXT 7RG 22910 N1PIN
D1P7°1W2a MO0 W A9 .79 N°OVAR NI 9100 W ankey> Nk Lo ,avopwT nRY
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M1 10-1 " 5 2opmva WRIA WK LN 772V INRA MV N°ION

' 50 DOTIRW 77T 2200 4-5 M3 ,7T0 IR LIRIT PR P TIRD W51 70T 110
7AW W 797X 939 P07 YEIA 13T IDIND .2 NMWIRT A ' 50 S oonmn av L' 1 oamm
T % 1 02027 17T TIRY, T MIRT NTIXD IR VI MYENRA 7y 777900 .( % 400-2) 7707
NP9 5700 L7071 070 2w TR 9o n''o 50 192 10°02W 2,777 K0 2°apna PIIT TN
L0 N2 WHORT N7 ,A1077 N AT L1 0202 YW 190 DN 19,010 NIYENRA 1981w
Rial7ah))

D°0I97 NN YW "0on" 2°37Y 0027 NI KYY NPT 0N NP0IPIR SW PDIR ApY
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D°¥1777 22 W 7700 WOR WK ,07187 2PYn YXIANT 2OV 2°377 NP0 1137 TNRD
JT0T TR 12AUD0-LDINR DWTINA IVEANT 779D07 .07 DIV , 019X MW DO
'm 5 prwa W nnTRa onk vt (Beach, Center, Back-reef) 711392 20k awow 19723
NIIRT NNOYA NN MYNARA YA 77700 (3 1X) (Reef-crest, Center, Slope)
2317w (VCR Panasonic) 707p0 Pwon 7on? 7°%7 19382 777w wx , HITACHI VKC 77x0n
T1ANT VW TR 77771 B0 NWOID YT-HY TR IXNT NUW L03-NNN A9XNT PIRD2 TT12n 172
P77 21727 10°027 ,77A9%17 219P 10PN 10702 WK L,T9I0 NIX 21RT ATWY L7007 223 DY IR 09D
TPWIR MYXNARA NN MOPIT .INK 932 o0 5-7 qWn1a avepw TY A YN 212X e n
DM 2OV 2037 9 No0Y,'PT 5 902 nonww 7703y "'y (JVC, model: HR-J437MS) 7™
NUYPIT NEY TIN LAV OW AT P00 MDA YA A0 (20 15 /000 4 192 1InaR) 71nn2 M3
.7272 999K 212 QORINIW 2°377 92 1001 P71 9o

Lagoon Fore-reef ﬂ
N

Center Slope

N2 By oY van PAP MRABR NI M0 TIMWT IR NWWWIT RND DW TR A0 P2 2990 13 N
QOO ,DOATIT 2PYRY IRTONT NADEM AT 172 MINNT 9D DR 20IvRR Mnw (CTown Db 115X) 2Yn
JQONTIT 2PYR R 12 NN 2P DR POSR 21902 32957 12957 20N 111D DY avpann
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DNINIIN

TP MR 1708 LN

"2 291207 112°12 R (p<0.001 ,ANOVA j12n) pravan 97272 N12°1 35900 nyown
NAD DR NIAZNRT) MDIT NPMHPY (ANR2 MR DW 217037 PROXIVID DR NIAEMNAT) M NPm°
(4 71R) (9v192 NIXRa

0°P2n NO°127 07 NPIYY 119X ,0°p2nY MNDT) MNPR NI NN YW P00 1w A
mm? 72y p=0.309 ,ANOVA) >3 191X MERT 217°3 D102 Pr2m 2720 R¥n XY (01772,
7O 7 PIva Do 7AYAN DR 21T PRORI0D (YR oown mmY May p=0.079 ;o0axn
P2 2727 .(4 1R ;2006 M0°37T N°I0N O1N 9D-5Y) AT PRI TN CINRD RXAIW 10 717
WP AWK ,MINAT NAWNTT NPMD P2 R MERT 173 HR0%I002 (p<0.001 ,ANOVA)
A" 7.35 5w v27n YXIMn T QY) NP2 MAAT DROIVIDT REAI 73172 (5 1K) 220w 2vpniva
LRT NI L' 20 praiva 2" A" 1.24 5w vt 7w Ty ,pmiva av aa7a2 1 ar 7w (200
XY NP0 7I0R 70T MR NmMo2 — M20 -5 ' 5 12— prwa av 2omhaa 119002 AT
(4 K) (p=0.638 ,ANOVA) n°vuo*uud npian

Depth and Site
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F'LWFE-FFLWF}EW
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Ave. chl a (mg/cm*2)
OANWAIODN®O©O
|

Tm

north south Ul
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' ' s sy ' of 9 s 9 s 9
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PN DRI DR QIR IROART MNP L T pRIva NI TTaYRT INR

11977 :' 20 PIva NP2 0%, S PIva NP A0 N TN AN AV MYy
20-1' 5 ,7313%2 1.5 -1 2.1 ,3.8 D ¥¥an2a 7123 MW N1PM2 NNYY NN N1Pmo2a 290171700
QPR DOIWT QPRI MW N1PMPT %23 5V 920171757 112972 DOWI97 797 IRYIND .AnKkNTa '
IR (D171 PIDX) TAWT DK P2 27277 18D 03 0w MER NIRYNT 2w 9RDO1M (0 DX 21T
(5 1R) 71
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Grazing Proportion

m north O south

Caged/Exposed
N
(6}

5m 20m

STINA0 TR LTS PAND TIND 1MMRW) 20INKRT wa ("R 1,5,20) 20057 2%pRIva T MR i5 R
NIRRT NPMIRT 923-5 a-2I8190 11277 DW PRVART T NP 0D DY nawmn v (192 paxs
IS MIZRT PR 9D TIra (NIRRT DITOA DRI NN TIRT) 21902

1987 712772 222 1 (MAXN NPT 023 2¥ MIXK) MERT 2178 DROXIVIDI 2NN 2MWN
0.5 121 21727 HROXID HW 9201207 20 (6 T1R) VT2 MDIWRT NMYT 023 O IRYMIW
M7 MERY DWR 2237 IV [ IR 773w 119U TW0 22IR ,0"0/3" 21.5 122 2"no/'an
DY MDA MERT 2V 9991719977 927V .2V OT0-0¥ 18RI 219977 DWW 12vn 1X2AR WK 170
D°PPIVA 291719377 937 12 ARMWIR .0/A" 4.2 127 2"o/a"n 0.25 112 - any maup nvawn
TN DTIANT MERT T ,A1272 5297 TIWD MERT 11277 P90 12 712 MTAR PR 9D 7RI 22w
' 20 PP (2°79R-7) N QTP TTAI MERT 11 ROW 7 5 pruva ORP-20K DWTIN2 1770
091991 ,N0TI0M NO1aN KDY DI 021272 17THI MIERIT 112992 2O %37 .IRIN2D-1218T W TIN
("1 1"y 5w MDD ,N1mNT MNY0 2pY) I M M0 o3 b

132



amne W A0 AW

Lagoon Lagoon
s s
5 20| 5 2]
5157 515,
L] 10 4 s 10
;3’ 0 : 3’ 0
2 S . B R N N S ] S . DS IR NP B N
RS B\i’ FHA XS FE S & R 3&1\9& P SRR I ARG SR
5m 5m
S T
55 55,
D 4 o 44
53 53—
82 8 2/
S 1 S 1]
;;’o““‘ E’o
] 3 & . R ST SR, I 3 ] X . B IS I, SN
@ X Q‘;}q\{ﬂ P R R @ ) X ?i&\%‘ F S FE @ R
20m 20m
ga.s gs.s
3 3
2 251 S 251
E 2 E 21
© 1.?7 p 1';5,
S 05 G 05
;g* 0 R 2’ 0 e
] > & . L S0 B & ] > X . EE IR NP I SR
W S S E W TP ST T

QIPI2ONTL,MITRT DITIA DRIRIVID DR DIAION 2OIOT DOINYAT IR a-20D17190 DR SWTIT 1IN 16 IR
LRTR) 2T T NIV ARINT WTIT 0T PAIORT WIITT SIOPT MRD MBNT 1090 NN 2IARMH 2vTAn
2ODANT (310 W MID TV LOND W ADIINR jRMWTIN W IDIPN DR NAXIM N1 WTID IRIAIT TN
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Seasonal Chlorophyll-a cycle
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[Chl-a] vs. organic material
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J19012 22N QRPN 221N 179202 1001 2ORYANT 01290 LAMIT 20101 1NAN 2OPRIVT 9

4-6/2007 1-3/2007 10-12/2006 7-9/2006 4-6/2006 | 2°n2 MW °2°IRN
(ownn)

14 18 18 12 12 %1957 Don
7 (50%) 8 (44%) 9 (50%) 7 (58%) 7 (58%) NPPITR NIXN
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Sea Urchins average density 1998-2006
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Ave. fish density during daylight hours
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Fish Taxa Distribution in the Lagoon
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Marine macroalgae identified for the period 4/7/06 through 10/9/06

Inplanting | Collection Closed Reserve (717130 mnw)
date date
Laguna open Laguna + net 5 m open 5 m + net 20 m open 20 m + net
2/4/06 7/6/06
1. red crustose 1. Polysiphonia/Neosiphonia | 1. 1. Centroceras (R) 1. Rosenvingea (B)
2. green crustose (R) (2 spp) Polysiphonia/Neosiph | 2. Rosenvingia (B) 3. Bangia (BG)
3.Polysiphonia/Neosiphonia | 3. Spyridia (R) onia (R) (2 spp) 3. Bangia Not 4. green crustose
(R) (2 spp) 4. Colpomenia (B) 3. Spyridia (R) 4. green crustose determined 5. red crustose
5. Spyridia (R) 5. green crustose 4. red crustose 5. red crustose 6. Volonia (B)
6. Rosenvingea (B) 5. Bangia (BG) 6. Volonia (B) 7. Colpomenia (B)
7. Gracilaria (R) 7. Colpomenia (B)
8. Colpomenia (B)
9. Valonia (B)
10. Liagora (R)
Comments: Comments: Comments:

a. higher biomass in net
b. total species: 10

a. higher biomass in net
b. total species: 7

a. higher biomass in open.
b. total species: 7

Taxonomical identification received from abroad suggests that red filamentous species (turf for the most part) include: Herposiphonia tenela (Ceramilaes,
Rhodophyta), Centroceras clavulatum (Ceramiales, Rhodophyta), Polisiphonia-Neosiphonia complex (Ceramiales, Rhodophyta), Chondria-Laurencia complex
(Ceramilaes, Rhodophyta), Ceramiun (Ceramilaes, Rhodophyta), and brown filamentous Sphacelaria (Sphacelariales, Phacophyta).
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Inplanting Collection Open Reserve (7mnp amnw)
date date
Laguna open Laguna + net 5 m open 5 m + net 20 m open 20 m + net
6/6/06 9/8/06
1. red crustose 1 1 1. 1. 1.
2. green crustose Polysiphonia/Neos | Polysiphonia/Neos | Polysiphonia/Neos | Polysiphonia/Neos | Polysiphonia/Neos
3. Derbesia or | iphonia (R) (2 spp) | iphonia (R) (2 spp) | iphonia (R) (2 spp) | iphonia (R) (2 spp) | iphonia (R) (2 spp)
(Cladophora) (G) 3. Spyridia (R) 3. Rosenvingea (B) | 3. Derbesia or | 3. Derbesia or
4. 4. Rosenvingea (B) | 4. green crustose (Cladophora) (G) (Cladophora) (G)
Polysiphonia/Neosi 5. green crustose 5. Derbesia or | 4. green crustose 4. green crustose
phonia (R) (2 spp) 6. Derbesia or | (Cladophora) (G) 5. Spyridia (R) 5. Spyridia (R)
6. Spyridia (R) (Cladophora) (G) 6. Gracilaria (R) 6. Centroceras (R) | 6. Centroceras (R)
7. Ceramium (R) 7. Rosenvingea (B)
8. Gracilaria
Comments: Comments: Comments:
a. higher biomass in net a. similar biomass. a. higher biomass in open.
b. total species: 7 b. total species: 6 b. total species: 8
4/7/06 10/9/06 Closed Reserve (777130 7nw)

1. red crustose

2. green crustose

3.
Polysiphonia/Neosi
phonia (R) (2 spp)
5. Gracilaria (R)
6. Derbesia or
Cladophora (G)

7. Spyridia (R)

8. Rosenvingea (B)
9. Ceramium (R)

1.Gracilaria (R)

2. Ceramium (R)
3. Rosenvingea (B)
4. Padina (B)

1.
Polysiphonia/Neos
iphonia (R) (2 spp)
3. Rosenvingea (B)
4. green crustose

5.  Derbesia or
Cladophora (G)

1.
Polysiphonia/Neos
iphonia (R) (2 spp)
3. Rosenvingea (B)
4. green crustose

5.  Derbesia or
Cladophora (G)

6. Gracilaria (R)

1. red crustose

2. green crustose
3.
Polysiphonia/Neos
iphonia (R) (2 spp)
5. Gracilaria (R)
6. Derbesia or
Cladophora (G)

7. Spyridia (R)

8. Rosenvingea (B)
9. Ceramium (R)

1. Centroceras (R)
2. red crustose

2. green crustose
3.
Polysiphonia/Neos
iphonia (R) (2 spp)
6. Gracilaria (R)
7. Derbesia or
Cladophora (G)

8. Spyridia (R)

9. Rosenvingea (B)
10. Ceramium (R)

Seaweeds identified for the period 8/10/06 through 10/12/06
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Inplanting Collection Open Reserve (7mnp amnw)
date date
Laguna open Laguna + net 5 m open 5 m + net 20 m open 20 m + net
8/10/06 10/12/06

1.Gracilaria (R)
2. red crustose
3. Spyridia (R)
4

Polysiphonia/Neosi
phonia (R) (2 spp)
6. green crustose

7. Bangia (BG)

1.Gracilaria (R)

2. Spyridia (R)

3. Hydroclathrus
(B)

4. red filam-3

5. green crustose
6. Bangia (BG)

1. Gracilaria (R)
2. Centroceras (R)
3. red crustose

4. green crustose
5. Bangia (BG)

6. Cladophora (B)

1.Gracilaria (R)

2. Ceramium (R)
3. Ulva intestinales
(G)

4. Centroceras (R)
5. Spyridia (R)

6. Dictyota (B)

1. red crustose

2. Ceramium (R)
3.
Polysiphonia/Neos
iphonia (R) (1 sp)
4. green crustose
5. Bangia (BG)

6. Spyridia (R)

7. Liagora (R)

1. red crustose

2.
Polysiphonia/Neos
iphonia (R) (2 spp)
4. red filam-3

5. green crustose
6. Bangia (BG)

7. Dictyota (B)

8. Gracilaria (R)

Comments:

a. higher biomass in net

b. total species: 7

Comments:
a. similar biomass.
b. total species: 6

Comments:

a. higher biomass in open.

b. total species: 8

Closed Reserve (777130 a712w)

1. green crustose
2. Chnoospora (B)
3

Polysiphonia/Neosi
phonia (R) (2 spp)
5. red filam-3

6. Gracilaria (R)

1. green crustose
2. Rosenvingea (B)
3.
Polysiphonia/Neos
iphonia (R) (2 spp)
5. Gracilaria (R)

1. green crustose
2.
Polysiphonia/Neos
iphonia (R) (2 spp)
4. Rosenvingea (B)

1. green crustose
2. Spyridia (R)
3

Polysiphonia/Neos
iphonia (R) (2 spp)
5. Colpomenia (B)

1. green crustose

2
Polysiphonia/Neos
iphonia (R) (2 spp)
4. Spyridia (R)

5. Centroceras (R)

1. green crustose

2
Polysiphonia/Neos
iphonia (R) (2 spp)
4. Spyridia (R)

Comments:

a. higher biomass in net

b. total species: 6

Comments:

a. higher biomass in net

b. total species: 5

Comments:
a. similar biomass
b. total species: 5

Marine macroalgae identified for the period 10/12/06 through 6/3/07
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Inplanting Collection Open Reserve (7mnp amnw)
date date
Laguna open Laguna + net 5 m open 5 m + net 20 m open 20 m + net
10/12/06 6/3/07

1. Hydroclathrus
(B)

2. Gracilaria (?)
R)

3. Ceramium (R)

1. Colpomenia (B)
2. Hydroclathrus
(B)

3. Gracilaria (R)
@)

4. Ulva sp. (G)

1. Gracilaria (R)
2. Centroceras (R)
3. red crustose

4. green crustose
5. Bangia (R)

6. Cladophora (B)

1.Gracilaria (R)

2. Ceramium (R)
3. Ulva intestinales
(G)

4. Centroceras (R)
5. Spyridia (R)

6. Dictyota (B)

1. Ceramium (R)
2. Gelidiopsis (R)
3. Dictyota (B)

4. Spyridia (R)

5.
Polysiphonia/Neos
iphonia (R) (2 spp)

1. Ceramium (R)

2. Gelidiopsis (R)

3. Spyridia (R)

4. Polysiphonia/Neosiphonia
(R) (2 spp)

Comments:

a. higher biomass in net

b. total species: 4

Comments:
a. similar biomass.
b. total species: 6

Comments:

a. higher biomass in open.

b. total species: 6

Closed Reserve (777130 a712w)

1. green crustose
(G)

2. Hydroclathrus(B)
3. Dictyota (B)

4

1. green crustose
2. Hydroclathrus
(B)

3. Dictyota (B)

4. red filam-1

Not determined

1. Centroceras (R)

2. Ceramium (R)

3. Cladophora (G) 4.
Ulva intestinales (G)
5. Derbesia (G)

Not determined

1. green crustose

2. Ulva intestinales (G)

3. Polysiphonial/Neosiphonia
(R) (1 sp)

4. Ceramium (R)

Polysiphonia/Neosi | 5. 6. Griffithsia (R) 5. Centroceras (R)
phonia (R) (2 spp) Polysiphonia/Neos

6. Ulva | iphonia R) (2

(Enteromorpha) spp)

intestinales(G) 7. red crustose

Comments: Comments: Comments:

a. higher biomass in net

b. total species: 7

a. higher biomass in net

b. total species: 6

a. similar biomass
b. total species: 5

Marine macroalgae identified for the period 11/4/07 through 13/6/07
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Inplanting Collection Open Reserve (7mnp amnw)
date date
Laguna open Laguna + net 5 m open 5 m + net 20 m open 20 m + net
11/4/07 13/6/07

1. Colpomenia (B)
2. Hydroclathrus(B)
3. Gracilaria (?)

4. Ceramium (R)

5. Chnoospora (B)
6. green crustose

1. Colpomenia (B)
2. Hydroclathrus
(brown)

3. Chnoospora (B)
4. Gracilaria (?)

S.
Polysiphonia/Neos
iphonia (R) (2 spp)
7. red-filament-3

8. green crustose

1. red crustose

2.
Polysiphonia/Neos
iphonia (2 spp)

4. green crustose

1. red crustose

2.
Polysiphonia/Neos
iphonia (2 spp)

4. green crustose

1. red crustose

2.
Polysiphonia/Neos
iphonia (2 spp)

4. green crustose

1. red crustose

2.
Polysiphonia/Neos
iphonia (2 spp)

4. green crustose 5.
Bangia

Comments:

a. higher biomass + net

b. total species: 8

Comments:
a. similar biomass.
b. total species: 4

Comments:

a. higher biomass in open.

b. total species: 5

Closed Reserve (577130 7712w)

1. green crustose

2. Chnoospora (B)
3.
Polysiphonia/Neosi
phonia (R) (3 spp)
6. Gracilaria (R)

1. green crustose
2. Chnoospora (B)
3.
Polysiphonia/Neos
iphonia (R) (2 spp)
5. Gracilaria (R)
6. red crustose

7. Padina (B)

1. green crustose
2.
Polysiphonia/Neos
iphonia (R) (2 spp)
4. Rosenvingia (B)

1. green crustose
2.
Polysiphonia/Neos
iphonia (R) (2 spp)
4. Bangia (R)

5. Colpomenia (B)

1. green crustose
2.
Polysiphonia/Neos
iphonia (R) (3 spp)
5. Centroceras (R)

1. green crustose
2.
Polysiphonia/Neos
iphonia (R) (3 spp)

Comments:

a. higher biomass in net

b. total species: 7

Comments:

a. higher biomass in net

b. total species: 5

Comments:
a. similar biomass
b. total species: 5
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