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Introduction

This report describes the work and results of the Israel National Monitoring Program
at the Gulf of Aqaba (NMP) in 2005. It is divided into chapters according to the various
fields and methods covered by the 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 more comprehensive description of the methods used is
given in the NMP annual scientific report of 2003.

This year’s results could be examined, for the first time, in light of previous results
collected by the NMP using similar methods by the same team. This ability provides
increased analytical power and confidence in our findings. Accordingly, we chose not to
repeat comparisons of the present results with historical data that were collected by
previous workers with different methods. 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 Israel Ministry of the Environment’s web-site:
www.sviva.gov.il. The raw data can be obtained through the NMP web-site: www.inm-

eilat.org.il.

Key findings
The coral reefs of Eilat
1. The numerous proxies to coral reef health collected by the NMP in 2005 do not
indicate, when compared to the data collected from previous NMP results, a statistically
significant change in the state of the reefs of Eilat. Nevertheless, most of the individual
parameters are negative, indicating a possible, yet non-significant decline of the reef.
Perhaps the elapsed time since the beginning of the NMP is not long enough to
distinguish significant trends in reefs, considering their great natural variability. This is
only the second year in which the NMP is operating at its full capacity, while ecological
reef processes operate on a time scale of years and decades.
Despite the absence of ecological indications for growth and recovery, a major crisis
did not occur in 2005. Most of the data is upsetting, but the statistical examination
dictates caution when jumping to conclusions. A longer period of careful observations is
required before significant conclusions can be reached. From the bulk of available data it
seems that the reefs in Eilat are presently under stress. Here are some of the findings:
- In seven out of the eight sites examined we noted a rise in the ratio of area
covered by recently dead corals to live coral cover, as a function of total live
coverage.




- Re-examination of reef sites through repetitive photography (photo
sessions separated by a one year interval) we found a decline in the abundance of
most existing coral genera at most sites. This is accompanies by a decline in the
total area covered by live corals in the fixed-site repetitive photographic survey.

- Careful analysis of the fixed-site photographic re-survey indicates that
most of the coral mortality occurs within small (young) coral colonies.

- In 2005 some recovery of crinoids (feather stars) was noted, and a survey
of macro-algae in the reef indicates that the reef grazers continue to effectively
repress the proliferation of macro-algae in the reef.

2. Live coral cover in the Eilat reefs varies a great deal from site to site. This variance
closely follows the distribution of substrate-type in each site: a relatively high live coral
cover is found where more of the sea floor is composed of hard rocky substrate.

3. There is a significant correlation between the live coral cover and the density of
coral colonies. Nevertheless, there is a significant negative correlation between the
fraction of small colonies and the efficiency of substrate utilization (ratio of live cover to
consolidated rocky substrate) by the reef. The larger the fraction of small colonies in the
reef, the smaller the fraction of consolidated substrate that is covered by corals. More
than that, from the fixed-site photographic survey we learn that small colonies contribute
but little to the total live coral cover: some 70% of the photographed colonies are smaller
than 20cm2, and these account for about 20% of the total live area. Some 60% of the live
coral area is taken by a quarter of the coral colonies, those in the middle size range, 20-
200cm®. Since in Eilat smaller colonies are more susceptible to stress (suffered relatively
higher death rates) it seems that the reefs in which small colonies dominate are especially
vulnerable to environmental stress.

4. A long-term decrease in dissolved oxygen concentration and increase in pH and
alkalinity measured in the lagoon of the Nature Reserve Reef continued in the year 2005.
While the decrease in dissolved oxygen may stem from changes occurring in the open
sea, increasing pH and alkalinity indicate decreasing net calcification in the reef. The
decrease in net calcification may be attributed to a decline in calcification by reef
organisms or an increase in calcium-carbonate dissolution. While 2005 saw a slight
recovery compared to 2004, the values of dissolved oxygen concentration and net
calcification are still significantly lower than measured in preceding years and are grim
indicators of the state of the reef.

Coastal water
5. Several anomalous nutrient concentrations were noted at the northern coastal

sampling sites, near the fish farms and off-shore from the Navy base/Hotel Le Meridien.
These were exceptionally high compared to the mostly uniform concentrations at the
southern stations and the Open Sea. Since high concentrations were not measured at other
stations and since most nutrients, and especially ammonium, are rapidly utilized by
plankton, these locally high concentrations indicate “point sources” of nutrient pollution.
The water sampled off-shore from the Navy/Le Meridien was characterized by a high
silicate concentration and low salinity. The likely source is brackish ground-water that is



pumped through the Hotel Le Meridien’s cooling system and into the sea. It is harder to
pinpoint the polluting source at the northern beach, mainly because of the proximity of
two known sources: the aquaculture fish farms and the outlet of the Kinet Channel. From
measurements conducted in 2004 as well as the conclusions of the IET project we
concluded that the fish farms are the major nitrogen contributor (see the NMP 2004
scientific report). High concentrations of silicate measured on some occasions point to the
Kinet Channel as an additional nutrient source.

6. An on going increase in dissolved oxygen concentration, alkalinity, and pH was
measured near the surface of Eilat’s coastal water. These findings correspond to ongoing
eutrophication. Increased primary production may be responsible for elevated pH and
dissolved oxygen concentration, and increased alkalinity corresponds to the increase in
pH and may stem from a decrease in net calcification in the northern Gulf of Aqaba. Note
that these proxies reflect regional scale processes and do not indicate specific point
sources along the coast.

The open water column

7. Careful examination of chemical data collected by the NMP since September 2001
reveals a consistent trend in several environmentally significant parameters in the
northern Gulf of Aqaba. The main findings include a decrease in dissolved oxygen
concentration (10-20 umol/liter), a rise in the pH (~0.05 pH units), and a rise in alkalinity
(~0.05 mEq/kg). Dissolved oxygen concentration decreased in surface waters less than in
the deep water, while the increase in alkalinity is greater in the surface water than in the
deep water. A similar rise in pH and alkalinity was also noted in the coastal water, while
the dissolved oxygen concentration increased in the coastal water.

Higher pH in the surface water and decreasing oxygen concentrations in the deep
water probably reflect continuous eutrophication in the northern Gulf of Agaba.
Eutrophication may cause a decline in net calcification in the reef and shallow waters and
thus to higher alkalinity values. Increased primary production, caused by eutrophication,
increases transport of organic matter to the deep waters where its oxidation leads to a
decrease in oxygen concentration. Decreased oxygen concentration in the surface water
and elevated pH in the deep water are likely due to vertical mixing that entrains deep,
oxygen-poor waters to the surface and transports high-alkalinity surface waters to the
depth, which, in turn, leads to a rise in pH in the deep waters.

8. Dissolved inorganic nitrogen concentrations in the deep waters reached values
higher than 7 pumol/liter in 2005, the highest values measured since the late 1970’s. The
deep (600m) vertical mixing in the winter of 2005 did not bring about a significant
decline in nitrate concentrations in the deep water as it did in the past (a mixed depth of
640m in 1999-2000, and 850m in 1991-1992). Neither did the vertical mixing of 2005
cause a strong phytoplankton and algal bloom, as was the case in 1992 and 2000.
Monthly profiles of nutrient concentrations with depth indicate that the deep mixing in
2005 was shorter as well as shallower than that of the 1992 and 2000 episodes, limiting
the amount of fertilizing nutrients entrained to the photic zone. Thus it seems that the
ecological consequences of winter-time deep vertical mixing in the Gulf of Aqaba
depend on the depth as well as the duration of the mixed layer.



9. Concentrations of phosphate and silicate in the deep waters of the gulf seem to be
stable in past few years (since 2001). It should be noted, however, that anticipated
changes in phosphate concentrations corresponding to the changes in nitrate
concentrations will be at the detection limit, and that silicate concentrations are
significantly higher today relative to the early 1990’s.

10. Chlorophyll a concentrations and surface temperatures near the Nature Reserve
coral reef in Eilat remain stable in the past 18 years in which regular measurements are
conducted.

11. Flow regime near the IUI in 2005 resembles the pattern measured there in the
past, but the change in flow direction (from a northern to a southern current) occurred
approximately a month and a half later than it did in 2004 (early March versus January)
and approximately a month later than it did in 1989-1993.

10
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Figure B1: An aerial photo of the northwestern shore of the gulf, south
of Eilat, showing the coral reef sampling sites. The yellow lines
represent sampling sites at the IUI (1), the Nature Reserve (2) and the
oil terminal (3). Black scale line is 100 m.
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Figure B2: The divers during the sampling of line transects at the IUI (A) and the nature

reserve (B). The divers recorded the projected length of all the organisms or substrate
underneath the line-transect to a resolution of 1 cm. Photos: Dana Reef.
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Figure B3: Average live coral cover (excluding soft corals) at each site (percent of total
area).
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Coral colonies density
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Figure B4: The average number of coral colonies per ten meters (top) and the average
number of colonies versus live cover (bottom).
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Cumulative cover per site
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Figure B5: 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.

Live coral cover and unconsolidated substrate

| #GRV+Sand o Live coral cover |

100
0 J e —
60 - i 3
401 ¢ o .

20 1--8---- 2o s o BEaEPRaREEES

Cover (%)

Katza 10 Katza20 NR5 NR10 NR20 IUI5 Ul 10 Ul 15
Site

25T 2NN NOVWIT YRR TR 217 AR RROR DR M0 TN 162 1IN
Figure B6: Percent live stony coral coverage and sandy sea bottom in the sites examined.
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Consolidated substrate utilization
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Figure B7: Percent 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.
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Figure B8: Percent live stony coral coverage and stony coral skeleton coverage in the sites
examined.
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Site Katza10 Katza20 NR 5 NR 10 NR 20 IUI'5 Ul 10 Ul 15
N_transects 9 10 11 12 11 12 12 10
Live coral (%) 22.8 26.8 41.9 9.0 19.3 12.8 11.5 11.6
SE 3.5 2.6 25 1.5 3.1 1.5 2.1 1.6
CV (%) 52.5 59.8 19.6 31.0 46.5 42.9 62.4 40.9
GRV+Sand (%) 43.7 31.6 14.4 77.2 57.4 48.2 61.6 68.7
SE 6.0 5.0 29 34 5.6 5.3 3.1 3.1
CV (%) 32.2 15.2 67.7 50.2 41.5 14.4 17.2 37.9
Rock (%) 23.7 314 27.0 9.9 14.5 34.9 23.2 16.2
SE 3.6 3.8 2.6 1.8 1.5 3.9 3.2 23
CV (%) 35.1 61.5 31.8 38.0 45.3 45.6 47.5 39.1
Dead Coral (%) 7.8 8.2 15.6 1.5 6.4 3.3 5.6 27
SE 1.3 1.4 1.0 0.6 1.8 0.6 26 0.7
CV (%) 93.5 139.1 221 53.3 49.7 76.3 159.9 65.7
Sponge % 1.0 27 1.5 4.4 0.1 0.8 25 4.6
SE 0.7 0.7 0.4 3.6 0.0 0.8 1.7 3.2
CV (%) 127.3 285.2 99.9 84.2 220.0 218.4 237.3 346.4
Octocoral % 4.7 3.6 0.8 24.6 11.0 4.4 8.6 4.4
SE 1.7 1.4 0.3 6.1 4.2 1.0 3.2 3.1
CV (%) 126.3 86.1 124.7 120.1 106.6 220.2 130.5 76.3
N_colonies/10m 30.6 38.1 411 10.4 23.6 31.0 18.9 15.9
SE 3.8 34 27 1.6 3.2 4.0 1.9 2.1

nuw=) bR muwa YOBR" W '[ﬂﬂN’? NIIWST SINNR2 29257 9NN IDORIW NOT SN 21990 123 moau
ay (Prpy 23pn bw :1’7’!2?) ANR ININ BW 290077 D52 1TTRAIR QOWRIANAT DITIIND 2NN 2NN (e

DI 2TRRY IPNT RO
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 errors and variance coefficient.

DY D9T7A7 APY) "DITA" RYT DOINKRT 2172 DOO1WN DOAMPR MAWIM DWW N2 YIDIT DT
,A"0 30>Large>15 M7 ,»"o 15>Medium>5 ,n111°2 ,n"o 5>Small ,mivp mawn :nnoni
mMawa N2 M1 aw 10-1 5-TUT 20k 9930 12 2°R¥1 (92 91K ,1n"o 30<Huge 781 M1
MawINg 773 ,07WI3 DO3A9R 5237 0172 207 X7 "Nrnea"n mawan toon aw 20-NR-1 ) "miwp”
W ANTR MAwIM N2 M1 20-KATZA- 5-NR 2°nx2 paws "jup" R 202 7o
(102 9R) "1 H7a

QW DO AN AT 2XPN ORTI? 2170,V 2°0NVAY 2PWIAT QAR P2 0°97a2 9727
DOAMOR YW 71971 MTIW DY ¥OAXAY TIWY MIVR MW DV 723 NMOY L2201V DYANIR
727772 2173 MIvpa MawIng 19on aw 2°71717 TUT nR2 N2 awp 28n0 WK ,amaw»ni nK?
JJTORR .DPD1WNT 12V T DPWIAT DOAAIR M2 17 ,0°0R 220K NP NI2W 2w 0T 190000
SBW ORNA .NPIWD DOAMOR MAWIN PW 0232 013 DY Y0aRaY N0 MAWIN W MR MnDw 1wy
DOANOR T 9V AW YEN W 01T TINKR P21 DK 2OARIRT MW 70n NPT MAwInT R 12
D298 MW W 3011 MTIWY NIWRNA apY 28 ¥a8m1 11T MAwoR 2019 (112 1K)

19



Size distribution - branching corals
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Figure B9: size distribution of branching coral colonies in the surveyed sites. Sizes are:
Small<5 ¢m; 5 em <Medium< 15 cm; 15 cm <Large< 30 cm; Huge>30 cm. The number of
colonies is normalized to a transect length of 100 meters.
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Figure B10: size distribution of massive coral colonies in the surveyed sites. Sizes are:
Small<5 cm; 5 cm <Medium< 15 cm; 15 cm <Large< 30 cm; Huge>30 cm. The number of
colonies is normalized to a transect length of 100 meters.
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Small colonies abandance vs.
substrate utilization
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Figure B11: The percent fraction of small coral colonies versus the fraction of available
substrate that is utilized by corals (% live cover/% consolidated substrate).
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Figure B12: The average health index (HI) for corals in the surveyed sites. The health index
is the percent area of live/healthy coral tissue out of the total colony area.
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Figure B13: The average diversity of coral genera and species in the surveyed sites (see
appendix). The species diversity index follows the Shanon-Wiener index, eq. B1.
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Figure B14: The twenty most abundant corals in the surveyed area. Ranked according to
their spatial fraction out of the total live coverage, and the number of colonies according to
taxa.
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Species % cover out of total transect length per site

Katza- NR- NR- NR- IUI- IUI- IUI-

10 Katza-20 5 10 20 5 10 15
Acropora spp. 11.2 6.1 7.0 24 7.0 15 0.8 2.3
Stylophora spp. 1.9 1.8 2.9 1.0 0.8 32 25 1.9
Lobophyllia spp. 0.1 0.9 88 0.0 0.4 0.0 0.0 0.1
Cyphastrea spp. 1.0 1.0 16 03 0.9 1.3 32 1.0
Montipora spp. 1.1 1.6 1.1 0.4 2.4 02 02 1.1
Echinopora spp. 1.1 1.0 49 041 0.3 0.1 0.0 1.1
Leptastrea spp. 0.3 0.3 06 0.0 0.0 03 04 0.3
Favites spp. 1.2 2.0 1.2 03 0.6 03 07 1.2
Favia spp. 0.3 0.9 04 06 11 21 06 0.3
Porites spp. 0.6 1.9 02 0.1 1.1 03 03 0.6
Goniastrea spp. 0.4 0.3 22 03 0.6 0.5 0.1 0.4
Pavona spp. 1.0 2.8 03 0.0 0.2 00 0.1 1.0
Plesiastrea spp. 0.7 0.2 1.1 0.1 1.7 0.0 0.0 0.7
Mycedium tubifex 0.0 0.5 20 0.0 0.2 0.0 0.0 0.0
Millepora spp. 0.0 0.0 0.8 0.0 0.1 06 04 0.0
Pocillopora spp. 0.2 0.0 0.5 0.3 0.0 02 0.8 0.2
Coscinaraea monile 0.1 0.5 0.1 0.2 0.1 04 03 0.1
Astreopora myriophtalma | 0.1 0.0 0.2 1.1 0.0 00 0.2 0.1
Platygyra spp. 0.1 0.5 03 01 0.2 0.0 0.1 0.1
Turbinaria spp. 0.0 0.2 0.0 1.0 0.1 04 0.0 0.0

2TOW YRR NI PINRY MW7 TUwa (o0 muw ’b’?) 2IRIDIT QIMIMDRIT Y19 N0 ARY 32 havn
LR QWN1 M0 INIRR TAR PR P9 RIR1 2A2 YRR MWL INRR TRR bo2
Table B3: The twenty most abundant (by area) corals in the monitored area and their
average cover in each site as a percent fraction of the total transect length in each site.
Where only one species was found it is listed, where several species of a coral genus are
present, the genus name is provided.
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Figure B15: Changes in live coral cover between 2004 and 2005. The overall variability in
coral cover along the Israeli coast is non-significant (P=0.77), while the variability between
sites and in the yearly change per site is significant (Two-way ANOVA).
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Figure B16: Changes in dead coral cover between 2004 and 2005. The overall rise in coral
cover along the Israeli coast is statistically significant, as is the variability between sites and
in the yearly change per site (Two-way ANOVA).
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Figure B17: Changes in percent coral cover on consolidated substrate between 2004 and
2005. The overall change in utilization of consolidated substrate between 2004 and 2005 is
statistically non-significant. The variability between sites and in the yearly change per site
(Two-way ANOVA) is significant.
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Figure B18: Changes in coral health index (average live fraction in a colony, given in
percent) between 2004 and 2005. The overall change in coral health index between 2004 and
2005 is statistically non-significant. The variability between sites is significant, and the
yearly change per site is non-significant (Two-way ANOVA).

26



Taxon diversity 04'-05'
0 2004 m 2005
3
2 1 J— J—
T
1 .
0
Katza 10 Katza20 NR5 NR10  NR20 Ul 5 Ul 10 Ul 15
site

2wt 2 avwn avnka (H' ,Shanon-Wiener 772 95%) 29310571 203957 182 12 ARMRT 1193 918
T2 MM LAMWT PP NMWOLT VW 2IIMWIRT TN3R2 P2 NP K3R1 KD (27501 1187) 2004-2005
(Two-way ANOVA) 273172 2390K7T 1°2 SNIWT 150 29907

Figure B19: Changes in coral diversity (Shanon-Wiener index, H’) between 2004 and 2005
(see also appendix). The overall change in coral diversity between 2004 and 2005 is
statistically non-significant. The variability between sites and the yearly change between
sites are significant (Two-way ANOVA).
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Figure B20: The twenty most abundant coral taxa in the surveyed area in 2005 ranked
according to their spatial fraction and their abundance in 2004.
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Figure B21: The ratio of dead coral cover to live coral cover versus the percent fraction of
live coral cover at each site. Error bars are the standard error around site means.
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Figure B22: The ratio of dead coral cover to live coral cover versus the percent fraction of
live coral cover out of the total area (line) surveyed at each geographical site. Trend arrows
originate at the point representing 2004 and end at 2005. An upward trend means more
dead coral coverage relative to live coverage, and a trend to the right means increased live
coverage.
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Figure B23: Sites of the photo-survey of coral reefs along the Eilat s N 2
coastline (green markers). T 2’
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Figure B24: A set of photographs from one of the photo-survey sites in the
nature reserve reef (2004 top, 2005 bottom). Among the observed changes
are partial mortality of the massive coral Platygyra 1 (top center), and
growth of two colonies of the branching coral Acropora 1 and 2, (center
and top right respectively). In addition, a few colonies are missing from
the bottom picture (2005), and some are new settlers that appear only in 2005.
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Figure B25: The total area of non-branching corals measured in each of the permanent
photo-survey sites (top), and the number of colonies at each site (bottom).
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Figure B26: The total area of branching corals measured in each of the permanent photo-
survey sites (top), and the number of colonies at each site (bottom).
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2005 Totals
Area
Site N_photos [cm”2]
NB 12 34800
DEKEL 20 58000
KATZAA 8 23200
NR 16 46400
Ul 16 46400
TABA 20 58000
Total 92 266800
2005 Area [cm”"2] (N)
Site Massive Branch Soft Millepora Other
141 32 100
NB 1609 (71) (12) (8) 27 (3) (6)
2024 1031 78
DEKEL 3192 (70) (29) (27) 21 (3) (8)
860 296 17
KATZAA 1694 (96) (21) (4) 14) 3)
2593 2747 136 239
NR (164) (58) (28) 1(5) (13)
1733 1725 14 64
Ul (186) (26) (7) 183 (44) (11)
2392 1582 159 150
TABA (137) (29) (4) 409 (36) (15)
13212 9079 1669 648
Total (724) (175) (78) 643 (95) (46)
2005 N_colonies
Site Massive Branch Soft Millepora Other
NB 111 13 10 3 7
DEKEL 173 59 27 8 8
KATZAA 139 38 5 4 4
NR 261 77 21 2 13
Ul 225 30 3 47 10
TABA 226 44 6 57 19
Total 1135 261 72 121 61

90T NIWR NP nNunna s 9P02 PoNIw 2I3ADRT NN DOR DMV 1IN 21D 152 Ahau
STTRI JILWR NIARYAT TD0R NIPIAY 299Ma102 ' Rea 2w n L2005
Table B5S: Summary of the areas and number of corals surveyed during the 2005 photo-
survey session. Areas are given in cm’, in brackets are the number of colonies whose are is
presented.
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Figure B27: The change in number of colonies of each group between 2004 and 2005 in
each site, given as a change in density, i.e. number of colonies per square meter. The change is
the number of colonies counted in each photo in 2005 minus the number found in 2004
divided by the photographed area, for all photos of each site.
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Figure B28: The average change in coral cover and the change in coverage stemming from
growth of colonies between 2004 and 2005, for each site. Area change is calculated as the
difference in coral area divided by the total area for each pair of photographs. Note the scale
differences between diagrams.
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2004 2005
Total area [cm”2] 266800 266800
26421 25240
Measured coral area [cm”*2] (N) (976) (1130)
Measured coral cover [% of total] 9.9 9.5
A measured coral cover [% of
total] 0.4
-1181
A coral area [em”2]
-4.47 [%]
-1359.29
Coral growth [cm”2]
-5.14 [%]
(N) (815)
N_colonies 1678 1821
A N_colonies 143
8.52 [%]

2005 -1 2004 527932 3°2 2IARPRT NIAWINA D0MRY FURE DRI MW 21990 62 Thau
Table B6: Summary of the changes in area and number of corals the 2004 and 2005
photo-survey sessions.
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Figure B29: The changes in percent cover (top) and number of colonies (bottom) of
branching and non-branching stony corals in the photo-survey sites.
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Population dynamics (size distribution) of Eilat corals
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Figure B30: Size distribution (proportion of the number of colonies for each size groups) of
live colonies pictured in 2005 and in 2004, and the size distribution of colonies that died in
the interval between the photo-survey sessions.
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Figure B31: The twenty most abundant corals (by area) in the 2004 and 2005 photo-surveys.
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Figure B32: The cumulative live coral area contribution of progressively larger coral
colonies as recorded from the 2005 photo-survey.
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Figure B33: 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).
18 cross-shore lines were evenly spread to cover the lagoon area (totaling 107 quadrates).
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Figure B34: The relative abundance (by number of colonies) of the dominant coral taxa
found in the lagoon.
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Average (N/m”2) SE

Total colonies 3.55 0.37
Stylophora 1.89 0.20
Millepora Spp 0.48 0.11
Favites Spp 0.30 0.07
Seriatopora Spp 0.29 0.07
Rhytisma 0.25 0.07
Favia sp. 0.1 0.04
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Jpnn nRoaw=SE .71a8b2
Figure B4: 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 B35: The average density (colonies/square meter) of all colonies and of the dominant
coral genus found in the lagoon in 2004 and 2005.
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Figure B36: A) The 1 m’ quadrates (red square) are spread 5 m apart along the measuring

tape at each sampling depth. B) The 6 sampling sites at the nature reserve. Each red line is a

100 m long transect along which 20 quadrates were laid as in A.
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Figure B37: The average density (per m”) of Diadema setosum (top) and total sea urchins
(bottom) at the sampling sites (site NR-10 was not surveyed in 2004).
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Figure B38: The average density (per m®) of Diadema setosum (top) and total sea urchins
(bottom) at the sampling sites (site NR-10 was not surveyed in 2004).
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Total counted Average Density

IUIL5 stdDev | IUl_ 10 stdDev | NR_ 5 sStdDev | NR_10 StdDev

0.02 0.13 0.02 0.13
0.02 0.13
0.02 0.13

Synapta maculata
Microcyphus rousseaui
Acantaster

Total Sea Urchins 419 3.19 3.28 1.40 1.21 1.82 2.48 0.88 1.44
Total Sea Feather 20 0.06 0.23 0.14 0.35 0.06 0.25 0.08 0.24
Total Sea Cucumbers 14 0.02 0.14 0.07 0.26 0.11 0.32 0.03 0.17
Total Starfish 6 0.04 0.19 0.05 0.23 0.02 0.12
Diadema setosum 365 2.96 3.14 1.07 1.18 1.47 2.24 0.86 1.42
Echinometra mathaei 29 0.23 0.78 0.27 0.65
Echinotrix calamaris 16 0.19 0.40 0.06 0.31 0.02 0.12
Lamprometra klunzingeri 12 0.04 0.19 0.09 0.29 0.03 0.18 0.05 0.17
Capillaster multiradiatus 6 0.02 0.14 0.02 0.13 0.03 0.18 0.03 0.17
Asthenosoma marisrubri 5 0.04 0.19
Holothuria (Halodeima) edulis | 4 0.02 o0.14 0.02 0.13
Fromia ghardaqana 3 0.02 o0.14 0.02 0.13 0.02 0.12
Actinopyga bannwarthi 3 0.03 0.18 0.02 0.12
Holothuria polii 3 0.02 0.12
Cidaridae sp. 2 0.02 0.13 0.02 0.13
Astropecten polyacanthus 2 0.04 0.19
Heterometra 2 0.04 0.19
Holothuria polii 2 0.02 0.13 0.03 0.18

2

1

1

1

Mithrodia clavigera 0.02 0.14

LOOIMT 2NN T''RY nYRIMRT aneIne > MW7 TN NS en (2°uv9p7 qpoR) nyow 173 mhau
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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Aerial photo of Nature
Reserve Reef.
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Figure 39: Aerial photo of the Almog Beach nature reserve reef from the northern end of
the nature reserve to the IUI jetty in the south. The Japanese Gardens are marked with a
red frame and the sampling site in the reef lagoon is designated by a yellow filled circle.
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Figure B40: Minimum (black diamonds) and maximum (white squares) dissolved oxygen
concentrations measured at the nature reserve lagoon and at the open sea (gray circles)
from January 2001 to December 2005.
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Figure B41: The difference between dissolved oxygen concentrations (ADQ) measured in
the NRR lagoon and open sea twice a week at early morning (grey circles) and afternoon
(empty circles), from January 2001 to December 2004. The black dashed line is the overall
average afternoon ADO (38.6 pmol-L™") and the grey line the overall average early morning
ADO (-23.5 umol-L'l). Black circles represent the estimated summer early morning ADO,
after applying an estimated 0.9 correction factor for the measured DO in the lagoon.
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Figure B42: Minimum (black diamonds) and maximum (empty squares) values of pH
(measured at 25°C) at the nature reserve lagoon relative to the open-sea values (grey circles)
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measured during coastal and open sea monitoring cruises, from January 2001 to December
2005.
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Figure B43: The differences between open sea total alkalinity and Minimum (grey
diamonds) and maximum (black squares) alkalinity measurements at the nature reserve
lagoon from January 2001 to December 2005.
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Figure B44: Periodic accumulation of CaCQs; in the nature reserve reef in 4 month
increments (PGE) and annually (AGE) for the period December 2000 to December 2005.
Values were calculated from numerical integration of PGE (see above equation).
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Figure B45: Values of the Calcifier Cover Index (CCI) at the nature reserve reef between
March 2001 and December 2005. The grey squares indicate the CCI values estimated for
the period April to October of every year when the open water column is stratified and
nutrient depleted. The black trend line passes through the low nutrient data points.
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Figure B46: Absolute values of average CCI for the summer (April to October) of every
year since 2001. Error bars are the standard deviation calculated from the daily values

(Figure B45).
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Figure B47: Values of REP for the nature reserve reef (black line), and a running average of
7 data points (gray line), since 2001.
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Figure B48: A) A settlement plate without a cage. These settlement plates are exposed to
natural grazing by herbivores. (B) Settlement plates protected from grazing by cages.
Photos: Ruti Reef.
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Chlorophyll-a from macro-algae plates
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Figure B49: Average chlorophyll a on exposed (diamonds) and caged (squares) settlement
plates for 2004 and 2005. Each point represents one month (calculated as an average of
three plates submerged in the sea for two months).
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Multi-year spring-time chlorophyll-a
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Figure B50: 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 C1: Map of the open-water monitoring station in the territorial waters of Israel in
the Gulf of Eilat.
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Figure C2: Monthly pH values at all coastal water monitoring stations for 2005 and 2004.
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Figure C5: Monthly concentrations of total oxidized nitrogen at the coastal water sampling
stations during 2004-2005.
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Figure C5: Monthly concentrations of ammonia (NH,) at the coastal water sampling

stations during 2004-2005.
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Phosphate
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Figure CS5: Monthly concentrations of phosphate (PO,) at the coastal water sampling
stations during 2004-2005.
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Figure C6: Monthly concentrations of silicate (Si(OH),) at the coastal water sampling
stations during 2004-2005.
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Alkalinity
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Figure C7: Monthly alkalinity at the coastal water sampling stations during 2004-2005.
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Figure C8: Monthly concentrations of dissolved oxygen at the coastal water sampling
stations during 2004-2005.
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Figure C9: Salinity at the coastal water sampling stations during 2004-2005.
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Figure C10: Temperature at the coastal water sampling stations during 2004-2005.
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Figure C11: Secchi depth measurements at the coastal water sampling stations during 2004-
2005.
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Chlorophyll a
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Figure C12: Monthly concentrations of chlorophyll a at the coastal water sampling stations
during 2004-2005.
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Figure C13: Monthly concentrations of bacteria cells at the coastal water sampling stations
during 2004-2005.
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Cell count: Synechococcus
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Figure C14: Monthly concentrations of cyanobacteria Synechococcus cells at the coastal
water sampling stations during 2004-2005.
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Figure C15: Monthly concentrations of eukaryote cells at the coastal water sampling
stations during 2004-2005.

1T
D37 QTN 2172 VWA IR0 03 X1 2005 NIWA NIDINT NAANA MYIT MTTAN

WK AOW M QMM NP 0T DY URWI T N SNIWE 2120 NI KT 291N 079001

27 M3 XM,V IM0IDYR T TUWE N NVI9RY AN NIV M0 NNV DY) o

"M% QAT NTIMY DR 7907 212°W XY POPA 007 °10 D1 790 DI 00N MDY TR

DYTTAM 217 22 AT CWTINR TUW N2 0% ORNAA .0V DI TR 12VD WK PR nR) now

QT O°N°YR OV QDI 1Y ° ARII LT SYAW NIWS MINY 9012 PP TWRA N1 2%

67



TN IR,V PR NP2 P 2107 2OTTA1 PR DY .02 DR D0IWR WR 21X MNP
YT 10 9VY N D173 221U A0 A1 OR2 977 SWTIN2 N 2220V 21273 1 1k 01
NTTI2N WK DAY A7PINN 03 ANONAY FNWY DRT NAWY IR LN AW N1AR WY 77N 20T
i tin by b d brh by o700t Trtain Rvin b Faty fpd y krate Bt a A kipd by Wabiaba e R vrza R yluliviy Blaliol 7B a M kip) iy akin eTay oS
SV D°YIPR 1907 .01 °192 DRI AN W TAPHA 09123 2119707 X2 MLwn 192 WD QNPT
D123 011277 17711 1220501 ,°71 011 2°wTIN2 L2005 NIW2 29I TWIT NITTHA I RIPn 2T
Q317 011077 17711 12AVO02 TWRD L0377 Y2170 YW IT°TAN NINNA 7°2°0) D010 DY TNna
S1IDXT NI O3 QYD TR 1TTAI IR DTN W 2000 0°112° LRITN/2%0 20 2 ol

VOMIR W .NINDXT ITOTAT NAMNA MNP 2°NYY 1771 0 IDIND 232X PINR N
T RO PR 0D VI MA? W NPEMNTT NUAN2 1TTAIY 2523 P1MR N2 5721 2005
TPIMART OTI2OT L NPRY N0 IRINY D3T3 IR N2 79707 .M NIIEN PA YW nva nenr
IRW2 .(484-833nmol/liter) 7222131 ,727U50 ,°11° ,IRIN2D DWTINA TAPNA DO DT 0290 T
MOMY ARNWI2 2R ,300nmol/liter-n 2011 PIMRT N NPNDTT NAANT IRWA W
NPNDXT NUANA TPINRT T 592 72w XR¥n1 (100nmol/liter-n 2°21317) M9 2% PINR
(163 77K) 595 7v "max

TAID DO IR NN (DI VTR PO YOWNAT) MWn 1A0d WhawD aMwy apdo
7P°7°0 11577 (163 71°K) NIPNDXT MINNA DO 011977 MTIPR DX DR 11°0°12 ,p0°0 1o
T12%7 IRXNI T2MVOHD WM ,D°ATA S0 Y T2IWPINRT 72000 L9 011 DOWTINA 17T 20N
JROTA/D0T 200 I S19XT QI NATN2 O3 20T BP0

Ammonia vs. silicate
¢FF ANavy ENB =0S
800 - *
= 700 - *
@]
€ 600 - L 4
c
a0 .
2400
£ 300 - [ ] A A
E 200 - Ny ?
100, W . *
0 T T . T
0 ! Siliwte%prml/l) 3 4

DIV YRMA DR AZMR DITRT PR GDPIDIT NITT NUAND AROHO0 IS DM MK MM 163 N

.(44nmol/liter) mINDT 257 NN TOIANRT
Figure C16: Ammonia concentrations versus silicate concentrations in the northern coastal
stations. The red line represents the average ammonia concentration at the Open Sea
station (44nmol/liter).
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Nutrients vs. Salinity
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Figure C17: The ratio of dissolved inorganic nitrogen versus salinity for the northern
coastal stations.
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Figure C18: Measurements of pH (top), alkalinity, and salinity (bottom) since Sept 2002.
Each point is the average of all coastal stations and the open sea station. Error bars are
minimum and maximum values for thepH, and standard deviation for the alkalinity and

salinity.
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Figure C18: Weight percent of organic matter in sediments along the northern shores of the
gulf (estimated by weighing the sediments, burning organic matter, and re-weighing the
residual sediments) compared to CHN measurements of total organic carbon from the same
samples, and to average weight estimates from 2003 and 2004.
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Figure D1: Vertical profiles of temperature at station A (black), OS (red) and FF (green) from January to December 2005.
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Figure D2: Vertical profiles of salinity at station A (black), OS (red) and FF (green) from January to December 2005.
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Figure D4: Temperature of the whole water column (upper panel) and deeper than 400m (second
panel from the top), salinity (third panel), and fluorescence (bottom panel) at station A since 2000.
Black lines represent the time and maximum depth of measurements. (Data prior to 2001 courtesy
of B. Lazar and J. Erez — the ""Peace Park Project')
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Figure D5: Monthly concentrations of dissolved oxygen (QO,) in the water column at station A (blue), and OS (pink), and at station B in
March and September (green).
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Figure D6: Monthly profiles of pH (measured at 25°C with a glass electrode) in the water column at station A (blue), and OS (pink), and
at station B in March and September (green).
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Figure D7: Monthly profiles of nitrite (NO,™) concentrations in the water column at station A (blue), and OS (pink), and at station B in

March and September (green).
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Figure D8: Monthly profiles of nitrate (NO;™) concentrations in the water column at station A (blue), and OS (pink), and at station B in
March and September (green).
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Figure D9: Monthly profiles of phosphate (PO,”) concentrations in the water columnat station A (blue), and OS (pink), and at station B in
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Figure D10: Monthly profiles of silicate (SiO,) concentrations in the water column at station A (blue), and OS (pink), and at station B in

March and September (green).
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Figure D11: Monthly profiles of chlorophyll a (Chl a) concentrations in the water column at station A (blue), OS (pink), and at station B
in March and September (green).

86



1000 2001

0

-200
— h
g—r -400 H * -
N .
-600 |

_s["]lllllll-ll.lll.III-I.IIIIIII

l
JMMJSNJMMJSNJMMJSNJMMJSNJ
2002

JSNJMMJSN

L 11 L 11 L 11 L 11 L1
JMMJSNJMMJSNJMMJSNJMMJSNJMMJSNJMM

JSNJMMJSN

2004 2005

0, (umolL™)
220

200

0.4
0.3
0.2
0.1
0

NO, (umolLY)

6

1999 nawn A mimn Bw 297 nTIMY 922 (NN DIRD) BRIV (VIRR DIRD) WO ,(T0Y PIRD) JxNn 1127 N
LPMID - TN LN WY .2 MR 2001 2»usd2 MM nhIsn nbonnh aRTpw ADpnnn avnl) (2005 0w Ty

("avwn PR

Figure D12: Dissolved oxygen (upper panel), nitrite (middle panel) and nitrate (lower panel) in the
entire water column at station A from 1999 to the end of 2005. (Data prior to 2001 courtesy of B.

Lazar and J. Erez — the '"Peace Park Project')
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Figure D13: Silica (upper panel), phosphate (middle panel) and chlorophyll a (lower panel) in the
entire water column at station A from 1999 to the end of 2005. (Data prior to 2001 courtesy of B.
Lazar and J. Erez — the '"Peace Park Project')
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Figure D14: Concentrations of dissolved oxygen in surface (0-20 m, blue) and deep (>650 m, pink)
water at station A since 2000. The green line represents the saturation oxygen concentration
calculated for each cruise. (Data prior to 2001 courtesy of B. Lazar and J. Erez — the "Peace Park
Project").
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Figure D15: pH in the surface (0-20 m, blue) and deep (>650 m, pink) water at station A since 2000.
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Figure D16: pH (upper panel) and alkalinity (lower panel) in the water column at station A since
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prior to 2001 courtesy of B. Lazar and J. Erez — the "Peace Park Project')
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Figure D17: The monthly oxygen inventory in the entire water column at station A since 2000.
(Data prior to 2001 courtesy of B. Lazar and J. Erez — the '""Peace Park Project')
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Figure D18: The nitrate inventory at station A in a depth range of 0-680 m, since 2000. (Data prior
to 2001 courtesy of B. Lazar and J. Erez — the '""Peace Park Project')
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Figure D19: Comparison of nitrate and dissolved oxygen concentrations from all depths at station
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A since 2000. Black trend lines represent the relation between nitrate and oxygen (O:N = 8.6:1)
calculated from the concentration of oxygen at saturation for 20.75°C. Red dashed trend lines
represent the same O:N relation, only calculated from the maximum concentration of oxygen in the
surface water for each year. (Data prior to 2001 courtesy of B. Lazar and J. Erez — the '"Peace Park

Project')
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Figure D20: Comparison of nitrate and phosphate concentrations at all depths at station A since
2000. The trend line is the Redfield ratio between nitrate and phosphate (16:1). (Data prior to 2001
courtesy of B. Lazar and J. Erez — the '""Peace Park Project")
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Figure D21: Relation between nitrate and silica concentrations at station A at all depths since 2000.
The trend line expresses the observed relation from measurements made by Lazar and Erez during

the 1990°s (N:Si = 4.5:1). (Data prior to 2001 courtesy of B. Lazar and J. Erez — the "Peace Park

Project")
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Figure D22: The density of prokariotic (Synechococcus) and eukaryotic phytoplankton, their ratio,
and the density of heterotrophic bacteria at the sampling stations near fish cages (FF), the open
waters off the nature reserve (OS) and Station A in 2005. Each point indicates the average for the
upper 50 m of the water column.
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Figure D23: The density of prokariotic (Synechococcus) and eukaryotic phytoplankton, their ratio,
and the density of heterotrophic bacteria at Station A in 2004 and 2005. Each point indicates the
average for the upper 50 m of the water column.
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Figure E1: Chlorophyll a concentrations sampled daily at the Underwater Observatory jetty in
2005 (pink line) and the long-term average (1988-2004, green line).
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Figure E2: Chlorophyll 4 concentrations sampled daily at the Underwater Observatory jetty in
2005 (pink line) and the long-term average (1988-2004, green line). Top and bottom black lines are
the minimum and maximum values of the 90™ percentiles, respectively, of all measurements
between 1988 and 2004.
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Figure E3: Daily sea surface temperatures measured from the Underwater Observatory jetty
during 2005 (red line), and the average SST for 1988-2004 (green line).
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Figure E4: Daily sea surface temperatures measured from the Underwater Observatory jetty
during 2005 (red line), the average SST for 1988-2004 (green line), and minimum and maximum
values from 1988 to 2004.
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Figure E5: The current regime off the Interuniversity Institute. Plotted are progressive vector
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Figure E6: The current regime off the Interuniversity Institute at 10, 20 and 27 m depth (as
indicated above each panel), with separated monthly plots (as indicated at the upper-right corner of
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Map 1: Study sites of water-column sampling. Station B (not shown) is located 10 km south of

Station A.

103



Dekel beach

KAT. A
¢ .
‘e 5 points )

Japanese_Gardens /

Nz

[V]]

4 points

® 5 puints "_.'
Taba / /

TNRT VRN WIND IR LE2P mp‘m MR PR :PS??:’? NIZWIN 12XNT 272 NOWT VAR 2IPSA NEM 2 En
ST M2 13 K2
Map 2: Sites of photographic monitoring of fixed areas in the coral reef.

DOUVIATOT IOT SINR 21PN 3 1EN
Map 3: Sites of sediment sampling.

104



D'AINYXN 'A10 NIN'WN (2.7

22005 nNIwsa NPT NI2T P02 P IDNM2 MDD MWK 2OARIRT navwn 117 haw
Table G1: List of corals found in the coral reef line-transect survey.

Number of colonies Number of colonies
Genus/Species IUI | KATZA | NR Genus/Species | IUI | KATZA | NR
Acanthastrea 22 2 2 Herphlitha 1 19
Acropora.eur 8 6 6 Heteroxenia 3 5
Acropora.hem 10 26 40 Hydnophora 2 1 2
Acropora.hum 1 4 3 Leptastrea sp. 15 21
Acropora.hyac 1 1 3 Leptastrea.bot 7
Acropora.may 3 57 27 Leptastrea.pur 20 3
Acropora.sp 4 10 Leptoria 1 3 2
Acropora.sqr 1 42 Leptoseris 5
Acropora.var 11 19 19 Litophyton 1 2
Agaricella 2 3 Lobophyllia 12 47
Alveopora 8 2 Millepora 66 2 8
Astreopora 5 6 11 Montipora 34 51 67
Balanophyllia 2 2 3 Mycedium 4 23
Balastomussa sp. | 1 2 Negombata 1
Callyspogia 1 Negumbata 1
Cladiella 1 Oxipora 1
Clathraria 1 Pavona 6 68 11
Clavularia 1 Platygyra 10 6 12
Coscinaraea 23 12 9 Plerogyra 1 1
Cynarina 3 1 1 Plesiastrea 4 14 34
Cyphastrea 97 44 62 Pocillopora 21 2 10
Echinophyllia 4 7 9 Porites 40 41 28
Echinopora 2 24 74 Psammocora 2 10 13
Favia sp. 112 20 34 Rhytisma 4 12 24
Favites sp. 81 72 49 Sarcophyton 3 3
Fungia 5 7 17 Seriatopora 1 24 2
Galaxea 1 3 7 Sinularia 1 4 4
Goniastrea 13 9 52 Stylophora 115 42 71
Goniopora 6 8 Xenia 5 9 28
Gyrosmilia 13 6 11
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Table G2: list of corals found in the fixed areas monitored by photography.

Coral genus

Number of colonies

Acanthastrea 14
Acropora 129
Agariciella 4
Anemone 8
Ascidian 1
Astreopora 7

Balanophyllia 4
Coral sp. 25

Coscinaraea 19
Ctenactis 4
Cyphastrea 100

Dendronephtya 1

Echinophyllia 14
Echinopora 108
Euphyllia 1

Favia 122
Favites 82
Fungia 27
Galaxea 10

Goniastera 1
Goniastrea 204
Goniopora 5
Herpolita 2
Herpolitha 1

Hydnophora 7
Leptastrea 64
Leptoria 3
Leptoseris 3
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Coral genus

Number of colonies

Lobophyllia
Millepora
Millepora
Mycedium

Oxypora
Pavona
Platygyra
Plerogyra
Plesiastrea
Pocillopora
Porites
Psammocora
Psammocorra
Rhytisma
Sabellidae

Sarcophyton

Seriatopora

Siderastrea
Sinularia

Sponge
Stylophora
Tridacna
Tubastrea
Tubipora
Tunicate
Turbinaria
Xenia

38
128
1
15
1
19
33
4
2
26
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