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English abstract 4a.x

The Israel National Monitoring Program in the Northern Gulf of Aqaba
(Funded by the Israel Ministry of the Environment)

Science Report for Year 2004

Submitted to the Steering Committee by:
Prof. Amatzia Genin, Program Manager
Jacob (Jack) Silverman, Team Leader
(March 2005)

Background

This Report describes the results of the monitoring program in 2004. The Report is
divided into a several working chapters. Each chapter consists of a short description of
the methods followed by a detailed description of the results and discussion. Detailed
descriptions of the methods can be found in the program’s first Annual Report (2003).
The entire report can be found at the web site of the Ministry of the Environment:
(www.swiva.gov.il). The raw data are available for viewing and download at the
program’s web site www.inm-eilat.org.il.

This year the monitoring project was in parallel with the IET Project, the goal of which
was to test the effects of the fish cages on the Gulf’s open water and coral reef
ecosystems. Tight cooperation between the IET Project and the Monitoring Program
allowed the construction use of a joint database as well as productive exchange of ideas
and opinions. The IET Project used the database of the NMP Program (especially the
results of the monthly cruises and the reef metabolism).

The state of the water column

1. The deep mixing of winter 2004 was relatively shallow (350m). Consequently,
this year nutrients continued to accumulate in the deep waters and the concentration of
oxygen continued to decline. The level of these two parameters reached the most
extreme values since their measurements started some three decades ago. (The
concentration of nitrite and nitrate reached 7 pmol-L" while oxygen concentration
declined below 150 pmol-L™)) This trend indicates a continuation of the organic
enrichment and eutrophication observed in the Gulf’s deep waters since 1999.

2. The rate of primary productivity in the open waters declined to half the level of
2003 but is still higher (approx. x1.7) than its average value in the years prior to 2000 and
is higher that the values “typical” for oligotrophic seas. The decrease in primary
productivity this year was apparently due to the relatively shallow vertical mixing in
winter 2004.



3. Ammonium concentrations increased and became a major component of the
dissolved inorganic nitrogen pool near the north beach. This process is an indication of
local eutrophication.

4, Evidence of substantial denitrification was observed, for the first time, near the
bottom. This process is the reduction of nitrate through bacterial respiration of organic
matter in oxygen-poor waters. It indicates the occurrence of organic enrichment in the
sediment.

5. Substantial amounts of nitrogen from allochtonous (outside) sources are delivered
to the northern region of the Gulf. The main source, amounting to ~280 tons N /year (IET
report), is the fish cages. Our measurements in the Arava stream (the “Kinet Canal”)
indicate a transport of ~10 tons N / year. Measurements made by the Israel Geological
Survey as part of the IET Project indicate a sub-terrain transport of ~30 tons N / year in
the entire northern Gulf region (including Aqaba).

6. The Meridian Hotel uses N-rich, sub-terrain water for its cooling system. Under
permit this hotel is allowed to pump 300m m’/hr, thereby delivering ~12 tons N / year to
the sea. Our measurements in the water column off Meridian Hotel indicate a significant
increase in the concentration of dissolved inorganic nitrogen and significantly elevated
rates of primary production in surface water. This observation indicates a local effect of
the Hotel on the water quality in its proximity (probably because of slow exchange of
water in this part of the Gulf).

7. The shallow mixing in the past few years and the high primary production have
caused a small increase in pH (decrease in acidity) in the surface water in the northern
Gulf. This situation shows an improvement in the conditions needed for the formation of
a biological carbonate skeleton by the corals, carbonate alga and other invertebrates in the
reef.

8. Despite the above, the chemical monitoring of seawater overlying the reef (at the
reef lagoon in the Nature Reserve) showed a decrease of 20% in the annual rate of
biological production of carbonate skeletons (compared to years 2001-2003).

9. Our long (17 years) time series of chlorophyll a in the surface water above the
coral reef at the Nature Reserve indicates a lack of long-term increase, which had been
expected due to the aforementioned increase in primary productivity and elevated
nutrients in the deep waters. That chlorophyll a (a proxy for phytoplankton biomass) had
not increased was probably due to the efficient functional (and probably numerical)
responses by herbivorous zooplankton.

10.  Our 17 year-long time series of sea-surface temperature indicates a lack of
warming trend. This differentiates the northern Gulf of Eilat from many other places in
the world where a warming trend was found. This is important for the “well-being” of the
reef, since coral bleaching is frequently associated with sea warming.

Coral Reefs

11. The percentage of stony coral cover at the reef of Eilat is very low compared with
many other sites in the world. A survey of the reef, in comparison to previous reef
surveys, indicates a decrease in percentage cover especially at the shallow part (5m) of
the Nature Reserve, and a very noticeable decrease in the abundance of sea urchins (their
function as algal grazers is very important for coral settlement in the reef). A change in



the species composition of stony corals in comparison with a few decades ago was also
documented. However, compared to previous surveys there were no dramatic changes in
the diversity of coral families. The density of Stylophora in the area of the lagoon in the
Nature Reserve (situated between the beach and the reef table) has stabilized over the
past 3 years after an increasing period which started following the closure of the area to
visitors in 1996. This species dominated that lagoon zone in the past (Loya, 1971).

12. A continuous increase in the potential growth rate of macro algae has been
observed in the coral reef in the past 7 years. However, no such trend has been observed
in the realized growth (on plates open to herbivores). This observation indicates that the
herbivores (especially fish, as sea urchins have declined) are important in keeping macro
algae at low abundance. At several coral reefs in the world (e.g. Jamaica) the reef
severely deteriorated because of algal growth following the disappearance of fish (over-
fished) and sea urchins (due to disease).

13. The biogenic formation of CaCOs skeleton in the shallow waters of the reef, in
respect of aragonite saturation in the water, decreased. This trend could be due to a
reduction of live cover of calcifying organisms (especially corals), a decrease in the rate
of dissolved CaCOs, or both.

14. This year, for the first time, the Report includes “ad hoc” work that compared the
rates of coral growth and respiration between different sites in the northern section of the
Gulf (from the IUI reef in the south up to the fish cages in the north). The results indicate
no significant inter-site difference.

Discussion: the major ecological problems

1. Coral-reef deterioration

The decline in the cover of live corals at the shallow zone of the reef at the Nature
Reserve, as well as the low cover found elsewhere (relative to many other reefs in the
world), are very worrisome. Several hypotheses relating the poor state of the reef to
recent anthropogenic activities have been suggested, however, so far, there is no strong
evidence corroborating any of the proposed mechanisms. Therefore, we strongly
recommend a “sweeping response” through which a substantial reduction will be
enforced on all potential sources of deterioration known to date.

2. Eutrophication

A significant trend was observed in four different parameters the measurements of which
are analytically independent: (i) increase in the deep pool of dissolved inorganic nitrogen
[DIN]; (i1) decline in oxygen in the deep water; (iii) increase in the potential growth of
macro algae in the reef; (iv) and increase in the organic content of the sediment. In
addition, the water column primary productivity was high and new evidence for
denitrification over the deep bottom were found. All these observations strongly support
the conclusion that the northern section of the Gulf is exposed to an on-going
eutrophication. Eutrophication is a substantial disturbance and a major change in water
quality.



The central question at stake is whether the observed eutrophication is part of a natural
cycle or an outcome of both anthropogenic and natural processes. If the latter is the case,
a key objective is to resolve the relative contributions of the anthropogenic and natural
sources. It is possible that the increase in the nitrogen pool and the decrease in oxygen in
the deep waters are part of a natural, quasi-decadal cycle, as follows. The deep vertical
mixing in anomalously cold year, and the ensuing strong spring bloom after such mixing,
“reset” the system by delivering substantial amounts of dissolved nitrogen to particulate
form (in the bodies of phytoplankton). Consequently, the DIN concentration in the deep
waters decreases to a low level (about 2 pumol/L). Then, in the following years, as long as
no anomalously cold winter occurs, the nitrogen pool in the deep water gradually
increases due to the sinking of particulate matter from the photic layer and its re-
mineralization at depth. This cycle has been observed in the past and was well
documented in two such cycles: one after the deep mixing of winter 1993 until late 1999
and the other after the mixing of winter 2000 until now. It is possible that the substantial
flux of nitrogen from anthropogenic sources, especially from the fish cages (~280 ton N /
yr), strongly augments the cycle. In order to assess the anthropogenic contribution to the
above cycle, the following research projects will be necessary: (i) Characterizing the
current regime in the region; (ii) modeling the nutrient dynamics, including physical
advection, uptake and recycling in the water column food web, sinking, decomposition
and re-mineralization in deep water and on the bottom, and upward entrainment via re-
suspension and mixing; (iii) monitoring the bio-geo-chemical and physical parameters
hoping for a cold winter to occur soon, which will allow a comparison between the DIN
values after deep mixing in the future and those in the previous cycles. If anthropogenic
sources of DIN contribute substantially to the above cycle, we should expect the new
“post-reset” values to remain at significantly higher levels than in the past.

Although, as mentioned above, more research is needed to evaluate the anthropogenic
contribution to the aforementioned DIN cycle, some indirect evidence suggests that this
contribution may be substantial. A comparison between the rate of increase of DIN pool
in the deep waters between the previous cycle (1993-2000) to the current one (2000-
present) indicates that the rate of DIN accumulation was faster in the latter. This
accelerated accumulation corresponds to the concurrent increase in the aquaculture fish
production. This tentative suggestion will be tested following the next “reset” in a cold winter,
when it occurs.
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Figure B1: An aerial photo of the coral reef sampling sites. The yellow
lines represent the sampling area 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 percent live coral cover at each site. The percent cover presented does
not include soft corals. Error bars are 1 standard deviation around the mean.

DOMIPMAT 72 T5°1 1DINRA 07 O3 12721 (2OANIR MAWNT? NIDT) W YO0 N ,20NWT YT N0
42 9R) 200 P2 (P>0.1) p21n 19382 9721 K 0°070 209K D M0 NIAR (42 T1R) 0w
(217X

DOPKR N9PTAY CID7 MUWH OM2 TINI 2OAMYRT 100 TR L, IMATIW 2R 92 00 RN 52 K
Y2 0°7un 10 pRIva PAMORT NAWA TIT QPANIRT 0% NAR %3 MIXI? 1001 5 -1 4 oonwann
TIW) QAMIR 70197 WH0R vEnan 60% -1 TRYaRwY 2AMOR MAwTNTY QUMD IRY 0 YXnn
PIW 1PN YXAT A0 YR NPT 729N DIpNTw NI 0% NAR L(D2INRA P2 INra M0

(52 71K) D927 19K DOAMOR MW NI 2°RNDT YT 20% -n N1 vYn

1097 TINR2 020NN 2°WE IR 2°2PW (62 71R) 2NRT 12 TNA% MAWAT 190R DMV
IO QAR MAWIM N WP T N 7123 M0 NINKRY 1977

15



100 -
80
R
A 60
o
5 40
. 0NYR
—'n 20
== yY0
= 0T7Y
0 i

S s S s

NI &
NN \)/\??&1,‘?? ég&g&
&
NN
L(@1TR) 2ONR 2WIMORY (MBR) U L(2WT) DI L(PI0) 2IIMHR DWW 2INIWIRT MDD MINR 42 MK
NIBTX 2% N A2 N9 Mon b 7723 91990 1w ,100% -2 29%5N0H 1R NOIT STIN 272 29INN2
DR ININD 2IDNMT B YRR 27T NOIST IR LT PRI 20D KD MWK 2D IR Py

Figure B4: Cumulative percent cover of live corals (green), sand (yellow), rock (grey) and
dead corals (red). In sites where cover does not add up to 100% there is a low cover of
invertebrates such as sea anemones, clams or sponges. The presented percent cover is an
average on all transects at each site.
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Figure B5: Percent cover of live stony corals on hard substrate, suitable for coral
settlement. The percent cover presented is the average on line transects at each site. Error
bars are 1 standard deviation around the mean.
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Figure B6: The average number of coral colonies counted along a 10 m line transect at each
site. This figure includes only stony corals. Error bars are 1 standard deviation from the
mean.
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Figure B7: The average species diversity of stony corals at the different sites. Species
diversity was calculated according to the Shannon-Wiener equation (Eq. B1). Error bars
are 1 standard deviation around the mean.
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Figure B8: Average species diversity (Eq. B1) as a function of average coral cover. Each
point represents one sampling site. Species diversity reaches a plateau when coral cover
exceeds 15%.
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Figure B9: An MDS based on a Bray-Curtis generated similarity matrix describing the
differences between single line-transects based on coral community composition. Transects
from the same sites are significantly closer to each other than transects from different sites.
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Figure B10: The average health index for each sampling site. The health index was
calculated as the average live area of each coral colony. Error bars are 1 standard deviation
around the mean. Red bar represents the average health index for all of the sites.
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Figure B11: Coral colony size distribution for branching corals of the species Acropora,
Pocillopora, Seriatopora and Stylophora at each site. Size categories were S- <5 cm diameter,
M- 5-15 cm, L- 15-30 cm and H- >30 cm.
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Figure B12: The fraction (%) of small (<5 cm) coral colonies of the genus Acropora,
Stylophora, Pocillopora and Seriatopora at each site.
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Figure B13: The fraction of small colonies (%) as a function of coral cover on suitable

substrate. In reefs with high coral cover there is a smaller fraction of small colonies.
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Figure B14: The approximate place of each of the line transects sampled at the nature
reserve. A bathymetric map (Reidenbach et al. 2000) was superimposed on this aerial photo
where each line represents a depth change of 2m. Each white circle represents a 10 m long
line transect.
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Figure B15: The live coral cover percent of the nature reserve at each of the three sub-
sections (north, middle and south) for each of the three depths sampled. We did not find a
difference in coral cover between the three sub-sections (Two-way ANOVA, p>0.87)
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LA ONRR

Species IUI-10m  1UI-15m  KATZAA-20m NR-20m NR-5m NR-10m IUI-5m KATZAA-10m
Acropora variabilis 1.2 0.3 3.8 5.2 3.9 0.7 0.7 3.9
Stylophora sp. 2.4 0.6 2.7 2.3 1.3 0.7 3.0 1.4
Montipora sp. 0.5 0.2 3.4 3.6 15 0.5 0.4 1.6
Favia sp. 0.8 0.1 0.8 1.5 1.2 0.7 2.1 0.7
Acropora maryae 0.2 0.0 2.8 1.7 0.8 0.3 0.0 2.4
Lobophyllia corymbosa 0.0 0.0 0.1 0.0 6.9 0.0 0.1 0.1
Favites sp. 24 0.2 0.6 1.3 0.5 0.6 0.5 0.2
Echinopora gemmacea 0.1 0.0 0.5 1.3 4.1 0.0 0.1 0.5
Acropora hemprichi 0.5 0.6 1.1 1.2 0.4 0.2 0.2 1.1
Astreopora myriophthalma 0.0 0.0 0.5 1.2 1.2 1.7 0.0 0.9
Cyphastrea chalcidicum 0.3 0.2 1.5 1.3 0.1 0.4 0.3 0.9
Cyphastrea microphthalma 0.5 0.3 0.6 0.8 0.8 0.3 0.4 0.8
Acropora eurystoma 0.1 0.0 0.0 04 29 0.3 0.0 0.4
Seriatopora caliendrum 0.0 0.0 0.0 0.0 2.7 0.6 0.0 0.1
Mycedium tubifex 0.0 0.0 0.8 0.2 1.8 0.0 0.0 0.1
Millepora sp. 1.0 0.5 0.0 0.0 0.1 0.0 0.7 0.0
Goniastrea retiformis 0.2 0.0 0.1 0.0 0.9 0.8 0.1 0.5
Acropora humilis 0.3 0.5 0.3 0.4 0.3 0.5 0.0 0.2
Goniastrea pectinata 0.1 0.0 0.2 0.2 1.3 0.0 0.1 0.2
Coscinarea monile 0.5 0.0 0.2 0.4 0.0 0.1 0.0 0.6
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Figure B16: The average percent cover of the 20 most common corals at the nature reserve
plotted according to their ranking in the year 2004 (upper plate) and their ranking in 1985

(lower plate).
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Figure B17: Percent cover of live stony corals at the three sampling depths of the nature
reserve in 1985 (black) and present (grey). There has been no significant change in coral
cover between 1985 and now.
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Figure B18: The average genus diversity (Shannon-Wiener) at the three sampled depths at
the nature reserve during 1985 (black) and present (grey). There is a significant increase in
diversity between the two years (Kurskal-Walis ANOVA, p<0.05)
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Figure B16: A description of the lagoon sampling method. 1 m’? quadrates (red circles) were
placed evenly 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 4 or 5 quadrates (though in this figure only
4 are depicted). 16 cross-shore lines were spread out evenly throughout the lagoon (totaling
72 quadrates).
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Figure B20: The relative frequency of the coral species recorded at the lagoon.
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Figure B21: A bubble plot presenting the number of corals colonies per m” at the different

quadrates. The horizontal axis is North-West (along shore) and the vertical is West-East

(cross shore). The reef table begins after 30 m east of the shore line. The size of the bubble is

linearly correlated to the number of corals recorded at that quadrate.
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Stylophora sp. 2.35 (20.35)
Millepora sp. 0.45 (+0.16)
Favia sp. 0.37 (£0)
Favites sp. 0.21 (£0.11)
Rhytisma sp. 0.19 (£0.19)
Seriatopora angulata 0.1 (x0.59)
Seriatopora caliendrum 0.08 (+0.82)
Sinularia sp. 0.05 (£0.16)
Acropora humilis 0.04 (£0.11)
Acropora variabilis 0.03 (£0.49)
Acropora hemprichi 0.03 (£0.32)
Acanthastrea echinata 0.03 (x0.11)
Acropora scandens 0.01 (£0.86)
Porites sp. 0.01 (x0.31)
Platygyra sp. 0.01 (£0.11)
Pavona sp. 0.01 (£0.11)
Montipora sp. 0.01 (x0.16)
Goniopora sp. 0.01 (£0.11)
Acropora eurystoma 0.01 (£1.27)
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Figure B19: The sites of permanent quadrate photography in the coral
reefs along the Eilat coastline (green markers).
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Figure B19: The permanent quadrate photography array. The camera is placed on top of a
custom made tripod that connects to permanent attachments at the reef. This array allows
an accurate repetition of quadrate photos over time. In addition to the camera a light source

is used for reducing the amount of shadow in the pictures taken.
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Figure B24: A permanent quadrate photo taken at Taba during 2004. Superimposed on this
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picture are traces made using image analysis software. This data is presented in Table B4.
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14 Millepora sp.
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16 Stylophora
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Figure B25: 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.

PRIVA MWW 7T 20T 212992 (Y1) TTITIANT U0 TMRD MM 20T 2120 Yan B 99 2voen 1262 R
Lamprometra kulzingeri 237 n932m Echinothrix 3272 29 7199 M371 N7 772082 2mun 5

03 NI EeR
Figure B26: A photo taken at night of a quarter of the sampling quadrate along the
measuring tape (arrow). In this quadrate, laid at 5 m depth at the IUI we sampled a sea
urchin of the genus Echinothrix and the feather star Lamprometra kulzingeri. Photo: Ruti
Reef
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Figure B27: The average density of sea urchins (per m®) at the three sampling sites. Error
bars are 1 standard deviation from the mean.
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Figure 28A: The density of sea urchins of the speices Diadema setosum and Echinometra
mathaei at the nature reserve in the year 1994 (black) and 2004 (grey). Error bars are 1
standard deviation from the mean. 1994 data was adapted from Mokady et al. (1996). There
is a significant decline in the density of both species since 1994 (t-test, p<0.01).

LDIAYTIT NN NRNRRE (PN NRDY) 7'M RD DYRIMRT NYRYTT e MsveR (52 nhaw

Species 1UI-5m IUI-10m NR-5m
Diadema setosum (young) 1.21 (1.76) 0.88 (1.07) 0.89 (1.31)
Diadema setosum (Adult) 1.64 (1.99) 0.81 (1.02) 0.53 (1.05)
Echinometra mathaei 0.33(0.72) 0.04 (0.2) 0.53 (0.84)
Cidaridae sp. 0.05 (0.22) 0.08 (0.39) 0.07 (0.33)
Tripneustes gratilla 0.02 (0.15) 0.08 (0.27) 0.02 (0.13)
Asthenosoma marisrubri 0.02 (0.15) 0.04 (0.2) 0 (0)

Echinotrix calamaris 0 (0) 0.04 (0.2) 0 (0)

Lamprometra klunzingeri 0 (0) 0.04 (0.2) 0.02 (0.13)
Capillaster multiradiatus 0 (0) 0.04 (0.2) 0.02 (0.13)
Tectus dentatus 0.02 (0.15) 0.04 (0.2) 0.05 (0.23)
Astropecten polyacanthus 0.02 (0.15) 0 (0) 0.02 (0.13)
Cerithium sp. 0.45 (0.99) 0(0) 0 (0)

Holothuria (Halodeima) edulis 0.02 (0.15) 0 (0) 0.02 (0.13)
Actinopyga bannwarthi 0.05 (0.22) 0 (0) 0.02 (0.13)
Synapta maculata 0 (0) 0 (0) 0.02 (0.13)
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Figure B29: Aerial photo of the nature reserve reef from the northern end of the nature
reserve to the IUI jetty in the south. Diurnal cycle sampling was conducted in the Japanese
Gardens (red frame). The permanent CTD deployed in the reef lagoon is designated by a
yellow filled circle. The CTD measures and records at 10 minute intervals the following
parameters: temperature, salinity, pressure, dissolved oxygen, pH and PAR. These
measurements are displayed in real-time on the monitoring website.
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Figure B 30a-d: Values of diurnal cycle studies conducted during February, March and
June 2004 of lagoon water (blue) and open-sea water (red) of the following chemical

pH measured at 25°C. c. Total alkalinity. d. Total

constituents: a. dissolved oxygen. b

oxidized nitrogen.
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Figure B31 a-d: Values of diurnal cycle studies conducted during February, March and
June 2004 of lagoon water (blue) and open-sea water (red) of the following dissolved and

particulate constituents: a. Chlorophyll a. b. Nitrite. c. Silicate. d. Phosphate.
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Figure B33: Long-term record of the differences between dissolved oxygen concentrations
(ADO) measured in the NRR lagoon and open sea twice a week at 06:30 (grey circles) and
14:30 (empty circles) from January 2001 to December 2004. The black dashed line
represents the overall average afternoon ADO (38.6 umol-L'l) and the grey line the overall
average early morning ADO (-23.5 umol-L ™). Black circles represent the estimated summer
early morning ADO, assuming a correction factor of 0.9 for the measured DO in the lagoon.

44



8.40

2001 2002 2003 2004
8.35

8.30 1

< 825
8.20 §

8.15

8.10

JFMAMJ JASONDJFMAMJ JASONDJ FMAMJJASONDJFMAMJJASONDJFM

22HR NI NRWD APIIPT 7N (29957 2oOI20T) 2IRTPR (RIMAR 2oIPR) 2R MITOTR 1342 K
(29715K 299°8) MnDm 2%7 Y 25 °C Bw awnzena 77 pH 2 2004 22237 72 2001 810»
DRI DIRN 2RI MTITRR
Figure B34: Minimum (black diamonds) and maximum (empty squares) measurements of
pH (at 25°C) at the permanent monitoring station in the Japanese Gardens lagoon relative
to the open-sea (grey circles) from the coastal station and monitoring cruise measurements
for the period January 2001 to December 2004.
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Figure B35: The differences between open sea total alkalinity and Minimum (grey
diamonds) and maximum (black squares) measurements at the permanent monitoring
station in the Japanese Gardens lagoon for the period January 2001 to December 2004.
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2004
Figure B36: Minimum (black diamonds) and maximum (empty squares) measurements of
nitrite at the permanent monitoring station in the Japanese Gardens lagoon relative to the
open-sea value (grey circles) from the coastal station and monitoring cruise measurements
for the period January 2001 to December 2004.
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Figure B37: Minimum (black diamonds) and maximum (empty squares) measurements of
total oxidized nitrogen at the permanent monitoring station in the Japanese Gardens lagoon
relative to the open-sea value (grey circles) from the coastal station and monitoring cruise
measurements for the period January 2001 to December 2004. Note that during the
stratified period the open sea TON is much lower than the reef concentrations. This
indicates the recycling of particulate organic matter from the open sea by reef heterotrophs,
which supports primary production in the reef during this period.
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Figure B38: Minimum (yellow diamonds) and maximum (red squares) measurements
chlorophyll a concentration at the permanent monitoring station in the Japanese Gardens
lagoon relative to the open-sea value (pink circles) from the coastal station and monitoring
cruise measurements for the period January 2001 to December 2004.

JFMAMJ JASOND J FMAMJ JASOND J FMAMJ JASOND J FMAMJ JASOND

DU o o o o o o o o o o o A o A A A
2001 2002 2003 2004
. A x
. o $ ** -
Rt YR S A X I - $..,-
. b
RIS T /X TR

* % * Y 27%8e & %

* » * *
~ r* K S 2Y LR A K2 % U SR
"on $. o (S ’ *T* A4
i . ”? %5- + . :ﬁ‘

.
%_10-......Os.s.,......’..‘.“.‘.:..-’. ...... P2 SR R 79X AR S
= .
-9 PG 4 POARY AR IR
E s L S . * c .
. . .
o ¢ . * ..
204------ G B EELEE LT IR TP
¢ .
.

-30

e 2004 "2 nvrn 7w 2001 R AR M nmnawa aapn mnna REP 9w :392 R
nayos mTpr 7 bR YT YRMAT DR AZPR NDRT P DB Q%Y NIRRT nvr’?p’?sn mTTRR

JORRIAT 2T
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Figure B40: The annual accumulation of CaCOj in the nature reserve reef and over 4
month periods (December to April (April), April to August (August), August to December
(December)) for the period January 2001 to December 2004. Values were calculated from
numerical integration of PGE (see above equation). Note the 20% decrease in annual PGE
in 2004 relative to 2001.
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Figure B41: Values of the Calcifier Cover Index (CCI, black diamonds), which is the ratio
between the average difference of reef total alkalinity and its corresponding open sea value
and the daily average aragonite degree of saturation, at the nature reserve reef between
March 2001 and December 2004. The grey line indicates the 7 point moving average of the
original calculated series. The black line is the linear regression line of the calculated values
of CCI. The increasing trend indicates the decrease in live coral cover over the past 4 years
by approximately 30% in December 2004 relative to March 2001. The annual variation in
CClI indicates the effect of nutrients on the dependence of calcification on the aragonite
degree of saturation (Figure B32).
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Figure B42: A) A settlement plate without a cage. These settlement plates are exposed to
natural herbivory rates as opposed to the settlement plates protected by cages (B).
Herbivory rates can be calculated by comparing the two plates. Photos: Ruti Reef.
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Figure B43: Average chlorophyll a on settlement plates protected by cages (red) and open to
grazers (black).
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Figure B44: The amount of chlorophyll a on the cage-protected settlement plates
normalized by dividing the biomass by the mixing depth of that year and subsequently
multiplying by a factor of 1000. There has been a steady increase in algal biomass at the reef
since 1997.
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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: pH measurements at all coastal water monitoring stations from January 2003 to
December 2004 measured at a constant temperature of 25°C.
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Figure C3: pH measurements at all coastal water sampling station during June of each year
(2000-2004).
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Figure C4: pH measurements during the stratified season (May-October) at the coastal
water sampling stations during the period 1997-2004. In addition stratified season average
values for the fish farm (blue diamonds and red connecting line) and all stations (yellow
triangle with black fram and yellow connecting line) are plotted for the years 2000-2004.
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Figure CS: Total oxidized nitrogen concentrations at the coastal water sampling stations
from January 2003 to December 2004.
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Figure C6: Phosphate concentrations at the coastal water sampling stations from January
2003 to December 2004.

59



Jan03
Febl3

(=]
=3

Sepl3
Oct03
Mow03

Decl3

8
.

Chla(gLh

=

Month

T Drec04

Stations

2004 22227 7¥ 2003 830 2297 293077 nanns (Chl_a) 99217990 m7aTs (75 2R
Figure C7: Chlorophyll a concentrations at the coastal water sampling stations from
January 2003 to December 2004.
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Figure C8: Silicate concentrations at the coastal water sampling stations from January 2003

to December 2004.
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Figure C9: Ammonia concentrations at the coastal water sampling stations from January
2003 to December 2004. Flattened blocks indicate no data for that measurement.
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Figure D1: Vertical profiles of temperature at station A from January to December 2004. The temperature is presented in the IPTS-68
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Figure D2: Vertical profiles of salinity at station A from January to December 2004. The salinity is presented in the IPS-78 scale.
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Figure D4: Contour plots of temperature (upper panel) and salinity (lower panel) at station
A throughout the year. The vertical black lines in the plots represent the time of the casts at
station A throughout the year. Before gridding the raw data the salinity was denoised with a
wavelet filtering procedure. The seasonal cycle of these parameters in the open sea water
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Figure DS: North to south profile along the Gulf bisecting line between stations A in the
south through OS station to the FF station (0 on the x axis) in the north during the January
2004 monitoring cruise. Contour plots of temperature (upper left panel), salinity (upper
right panel), density (in sigma T units and atmospheric pressure, lower left panel) and
fluorescence (arbitrary units) are presented.
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Figure D6: North to south profile along the Gulf bisecting line between station B in the
south (territorial water of Jordan) through station A, OS station to the FF station (0 on the
x axis) in the north during the February 2004 joint (Israeli — Jordanian) monitoring cruise.
Contour plots of temperature (upper left panel), salinity (upper right panel), density (in
sigma T units and atmospheric pressure, lower right panel) and fluorescence in arbitrary

units (lower right panel) are presented.
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Figure D7: North to south profile along the Gulf bisecting line between stations A in the
south through OS station to the FF station (0 on the x axis) in the north during the April
2004 monitoring cruise. Contour plots of temperature (upper left panel), salinity (upper
right panel), density (in sigma T units and atmospheric pressure, lower right panel) and
fluorescence in arbitrary units (lower right panel) are presented.
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Figure D8: North to south profile along the Gulf bisecting line between stations A in the
south through OS station to the FF station (0 on the x axis) in the north during the June
2004 monitoring cruise. Contour plots of temperature (upper left panel), salinity (upper
right panel), density (in sigma T units and atmospheric pressure, lower right panel) and
fluorescence in arbitrary units (lower right panel) are presented.
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Figure D9: North to south profile along the Gulf bisecting line between station B in the
south (territorial water of Jordan) through station A, OS station to the FF station (0 on the
x axis) in the north during the August 2004 joint (Israeli — Jordanian) monitoring cruise.
Contour plots of temperature (upper left panel), salinity (upper right panel), density (in
sigma T units and atmospheric pressure, lower right panel) and fluorescence in arbitrary
units (lower right panel) are presented.
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Figure D10: East west profile through station A (0 on the X axis) at a right angle to the
north-south Gulf bisector (negative west of station A and positive is east of station A)
measured during a joint cruise with the Jordanian monitoring team during August 2004.
Contour plots of temperature (upper left panel), salinity (upper right panel), density in
sigma units calculated for atmospheric pressure with temperature and salinity (lower left
panel) and fluorescence in arbitrary units (lower right panel).
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Figure D11: As in Figure D6 for December (20/12/2004).
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Figure D12: Vertical profiles of dissolved oxygen (O,) in the open-sea water column for each monthly cruise to station A (red), OS (green),
FF (blue) and station B on 22/2/2004 and 15/8/2004 (pink). Also presented are the calculated values of oxygen saturation concentration as
a function of temperature and salinity at the water surface for each cruise (blue dashed line).
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Figure D13: Vertical profiles of pH (measured at 25°C with a glass electrode) in the open-sea water column for each monthly cruise at
station A (red), OS (green), FF (blue) and station B during February and August (pink).
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Figure D14: Vertical profiles of nitrite (NO,™) in the open-sea water column for each monthly cruise to station A (red), OS (green), FF
(blue) and station B in February and August 2004 (pink).
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Figure D15: Vertical profiles of nitrate (NO;™) in the open-sea water column for each monthly cruise to station A (red), OS (green), FF
(blue) and station B in February and August 2004 (pink).
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Figure D16: Vertical profiles of phosphate (PO,~) in the open-sea water column for each monthly cruise to station A (red), OS (green), FF
(blue) and station B in February and August 2004 (pink).
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Figure D17: Vertical profiles of silicate (SiO,) in the open-sea water column for each monthly cruise to station A (red), OS (green), FF

(blue) and station B in February and August 2004 (pink).
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Figure D18: Vertical profiles of chlorophyll a (Chl a) in the open-sea water column for each monthly cruise to station A (red), OS (green),

FF (blue) and station B in February and August 2004 (pink).
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Figure D19: Contour plots of dissolved oxygen concentrations at varying depths in station A
since 1975 (upper panel) and their deviations from oxygen saturation (AOQOU — Apparent
Oxygen Utilization), which was calculated from temperature and salinity measured at each
depth (lower panel). All measurement depth and times are indicated by the black dots.
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Figure 20: Contour plot of nitrate concentrations at station A from the end of 1999 to the
end of 2004 at varying depth ranges. The black dot indicate the times and depths of
measurement at station A.
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Figure D21: The monthly oxygen inventory during 2003 (light blue) and 2004 (maroon) in
the open-sea water column at station A in the 400-650 m depth range.
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Figure D22: The total oxidized nitrogen inventory (TON) of the open-sea water column at
station A in the 0-680 m depth range for each cruise during 2003 and 2004.
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Figure D23: Comparison of TON and DO measurements from all depths at stations A
(filled circles, black and grey filling indicates measurements made during 2003 and 2004
respectively) and OS (squares, empty and grey filling indicate measurements made during
2003 and 2004 respectively). The black trend lines represent the relation between nitrogen
and oxygen throughout the entire water column in 2003 and 2004. Grey trend lines
represent the same relation for samples taken below 400 m. Note that oxygen decreases at
high TON concentration and TON changes very little in the 2004 measurements. This
suggests an increase in denitrification, which is the process of respiration that utilizes NO;™"
instead of oxygen under anaerobic conditions.
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Figure D24: Comparison of TON and phosphate from all depths at stations A (grey circles),
OS (black filled circles), FF (empty triangles) and B (grey filled squares) for all the
monitoring cruises.
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Figure D25: Comparison of dissolved oxygen and pH measurements made on samples taken
from below 650 m at station A.
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Figure D26: FACS counts of cells in the bacteria size category in samples taken from the
coastal sampling stations.
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Figure D27: FACS counts of cells in the Synechococcus size category in samples taken from
the coastal sampling stations.
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Figure D28: FACS counts of cells in the Eukaryotes size category in samples taken from the
coastal sampling stations.
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Figure D29: Contour plot of the change in cell counts within the range of depths in which
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Figure D30: Contour plots of FACS samples taken between 0 and 150 m depth from station
A in the south to the fish cages in the north during the April 2003 monitoring cruise.
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Figure D31: Contour plots of FACS samples taken between (0 and 150 m depth from station
A in the south to the fish cages in the north during the September 2003 monitoring cruise.

Synechococous #

x10°
g eeee——

1 2.5

100 P 2
g 16

= 200

o 1

-300 05
1 Il Il 1 1
0 1 2 3 4 5 B 7 8 g 10
)

Distance from FF (km Eukariotes

4000

e
2

3000

2000

P fdbar)
]
=

1000

1 I I 1
0 1 2 g| 4 5 6 7 g 9 10
Distance from FF (k)

STRIIT IR TIRD "2 150 -5 0 192 23T 2%PRIYa (2IWIPIRKY NRID) PURIDIMOET MBEX 1327 TR

22003 9210PIR PR MW7 NALDT oM 1TTRIW JIDR 29T 92190 7YY 21972 A FInnR pasna bw
Figure D32: Contour plots of FACS samples taken between (0 and 150 m depth from station
A in the south to the fish cages in the north during the October 2003 monitoring cruise.
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Figure D33: Contour plots of FACS samples taken between 0 and 150 m depth from station

A in the south to the fish cages in the north during the January 2004 monitoring cruise.
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Figure D34: Contour plots of FACS samples taken between (0 and 150 m depth from station
A in the south to the fish cages in the north during the February 2004 monitoring cruise.
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Figure D35: Contour plots of FACS samples taken between 0 and 150 m depth from station
A in the south to the fish cages in the north during March 2004.

Synechococcusy 10

B
-100

3

-200 2

P (dbar)

-300
1

-400

4 5
Distance fram FF (] Eukariotes x 10°

D

-200

P (dbar)

-300

-400

o 1 2 3

Dlstance T'rom FF km

Bacteria x 0
g

D S —————— e

-100

-200

P (dbar)

-300

-400

|
1] 1 2 3 4 5 & 7 8 9 10
Distance from FF (k)

AN PRDRT W AR I TIRY 2 150 -5 0 12 ot avpawa FACS-7 n1voo nuanwst 1367 1N

22004 127291 BW MWILT NIDDT TUITA 1TTAIR DD 2T 2D TV AT A
Figure D36: Contour plots of FACS samples taken between 0 and 150 m depth from station
A in the south to the fish cages in the north during the November 2004 monitoring cruise.
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Figure D37: Contour plots of FACS samples taken between 0 and 150 m depth from station
A in the south to the fish cages in the north during the December 2004 monitoring cruise.
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Figure D38: Integrated value of primary production in upper 100m of the column at station
A for the months in which these measurements were made in 2003 (blue) and 2004
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109




123 727V R IR (¥R 77720) 712YY WA AT Tl A TInNa NPURITIN0T YN DIAR T
TP 2127 PRI DOV NP0 N 202N 200V 190> 2000 NIw 2195w 39PN YRYANT TV
D°% D°IMDINT 1IRM 727772 0123 2O NIW 0937V 123N 1TV IR T2V 3w Nt maws ony

LR 7512 "D1MLINIR

nio'xY NIt TN .N

2911 .1.n

mn mnpoa ("2 300) 0% NPT SN YWNY AW AW 192 P12 TR MWYI TR 1R MTTn
0711107 077 NURIPDINIT NDRXTY .(NO1W: JA2W5 7InR) »’-NNm 39XA7 112 AYIap 3P mows
2Y NIN0N MR°ATIN NAR 93, 772912 X211 2" 300 Hw 2°p1apa 1w 02 100 um nwA 777
myw 24 qun? Buffered Acetone 90% 2"» 10 2 awya 9011207 Sw "@oni . GF/F 209
SNIW 277 YXIMnIn 9721 89 2004 nawa 901M9:7 1157 00 2R 27 -1 17 0R pna

z 0 . “M 1

Chlorophyli

00000
oNhO ®
| |

5‘0(\ QQ:Q @’b‘ VQK @‘b* 5\50 5& V“OQ %Q)Q Oé eo“ OQ)O

MW7 NIW =TI P (0RO TR AIAD TIR02) JINHR [T AR FURT 2152 a D21 1129 (17 N

95% TD 12 AN — 2T 2R 2%p ,(1988-2003) Snaw 21 yxan - P10 Wy ,2004
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Fig. ES: The current regime near the coral off the Interuniversity Institute. Plotted are
progressive vector diagram for 4 different depth (balck-28m, blue — 20m, purple — 12m, and
yellow 4m) for the period January-March (top panel) and May-December (bottom panel).
The current meter malfunctioned during April. The first day of each month is indicated by
the circle on the plot. The first letter of the month name is indicated next to the black plot.
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1.Objectives:
Physiological indicators of coral stress
Objective: to develop and implement a coral-based bioassay for detecting stress gradients

in the Gulf’s coral reefs and refine non-destructive methods to assess coral health in situ
Coral bioassays for stress monitoring Physiological coral health probes

2. Methods

Activities October- present:

Two species of stony corals (Acropora, Stylophora) and one Hydrocorallian (Millepora)
were chosen. Colonies of the three species were cut to small sub-colonies (30 of each
species) and glued onto plates. The plates were placed next to the I.U.I at depth of five

meters for acclimation of three months. At the onset of the project we weighed, dyed with
alizarin red and photographed all the colonies by a digital camera to allow additional
information on growth in addition to buoyant weight. This reveals changes in colony
architecture such as branching patterns, branch orientation and thickness, such that are
not seen from buoyant weight. During December 03- January 2004 we conducted 24h
measurements by submersible respirometer of 6 colonies of each coral species. At the and
of these time zero measurements all the colonies was placed in their new six locations to
acclimatize in a way that in each location there will be 5 colonies of each species. The
locations were chosen in consultation with the Nature Reserve staff, and are close to sites
where other IET activities take place so that supporting data can eventually be obtained
for result interpretation: North beach (near the fish farm) at 19 m two species (Acropora,
Stylophora only) Hof Hadekel at 8 m three species Oil port at 8 m three species IUI at 8
m three species IUI at 19 m two species (Acropora, Stylophora only) Taba border at 8 m
three species See Table 3 at appendix and map (figure 1).
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Figure 1. Map of the bioassay stations

Throughout April-June 2004 and October —November we conducted a second and third
series of 24h measurements by submersible respirometer of 3 colonies of each coral
species at each location. Measurements of metabolic parameters (by submersible
respirometer), were conducted in a 14,000-liter, 1.2 m depth outdoor pool at the TUI.
Nubbins from all sites were transferred carefully by boat to the IUI and subsequently
returned to their respective locations. Digital image recording from the same angle and
distance as the initial ones were taken, and buoyant weight measurements were also
conducted.

Oxygen measurements of photosynthesis and dark respiration.

The in situ oxygen flux data, which allow measurement of both symbiont photosynthesis
and colony respiration, were obtained using submersible respirometer (AIMS, Australia)
(after Levi at al., 2004). Data was processed using the AIMS ‘Respiro’ program for
calibrating the instrument and converting measurements from millivolt changes into
oxygen fluxes and then normalizing the data to mol oxygen per coral unit area
equivalents (after Levi at el., 2004). Parameters from P versus E curves, including o
(initial slope), Pmax, Ecom (compensation intensity), Eopt (optimum irradiance), and Ek
were calculated using non-linear curve-fitting based on theoretical models of a hyperbolic
tangent equation (Ben-Zion & Dubinsky 1988).

FRR fluorescence measurements.

Changes in chlorophyll fluorescence and photosynthetic characteristics These
measurements of corals were monitored using the SCUBA-based FRRF (Gorbunov et al.
2000). The FRR fluorometer measures the chlorophyll florescence yield using a sequence
of flashlets that gradually close the PSII reaction centers, leading to an increase in the

118



chlorophyll fluorescence (Kolber & Falkowski 1993). The slope of the raise in
fluorescence depends only on opgyr, the functional cross section of PSII. A subsequent
series of weak "probe" flashes, allows following the decay of chlorophyll fluorescence
from its maximal values as all "traps are closed" to its ground state. This rate of decay, T,
depends on the amount of Rubisco per photosynthetic unit, and the intensity of ambient
light. Furthermore, the variable fluorescence (Fmax- Fo)/ Finax 1S @ measure of the
photosynthetic capacity of the zooxanthellae and their "health". The unique SCUBA
FRREF allows as many as 50 measurements in a single dive or many nubbins in sequence,
according to our experimental design. Relative Buoyant Weight was measured by the
follow equilibrium (Eq. 1):

RBW=SBW/IBW

RBW (Relative Buoyant Weight) - Buoyant Weight of the colony in relation to its initial
weight.

SBW (Sample Buoyant Weight) - Buoyant Weight of the last measure

IBW (Initial Buoyant Weight) - Initial Buoyant Weight of the colony

By this equilibrium we get the relative addition in B.W respectively to the initial colony
weight. The percentage off adding weight was measured by the follow equilibrium (Eq.2)
% Add weight = (SBW-IBW)/SBW x 100

this method is a modification of the buoyant Weighting technique (Jokiel et al., 1978;
Davies, 1989).

Alizarin red staining of the skeleton of the living coral marks the beginning of the
experiment and allows careful quantification of growth upon its termination. The
procedure was conducted according to the protocol of Barnes (1972, 1973)

3. Results

We measured the following at the beginning of the experiment (ty) after the nubbins
recovered, and in intervals of three months in order to cover all seasons. The first
measurement covers the winter growth (t;), and the second the summer’s growth (ty).

a. Growth and calcification rate- by buoyant weight

b. Colony architecture- from digital imaging

c. Zooxanthellae photosynthesis (including the quantum yield, ¢, opsir, Pmax, and variable
fluorescence F,,), from FRRF data

d. Colony respiration- by submersible respirometry

e. Colony metabolism - by submersible respirometry
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Figure 2: Nubbins of Stylophora pistillata, Acropora variabilis and Millepora dichotoma
during pre-acclimation.

- ? : £ o] - Pt e - b £ - 5 =3
Figure 3: The three submersible respirometer chambers are constructed from UV-
transparent material, each equipped with an oxygen sensor. The instrument has one light
sensor, a temperature probe and a data logger. A centrifugal pump flushes the water in
the chambers at programmable intervals. Instrument photographed during in situ
measurements of diurnal photosynthesis on hermatypic corals at 5 m depth in the Red
Sea, Eilat
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Figure 4: Sample submersible respirometer 24 hour plot: Changes in light intensity and

net oxygen fluxes in the respirometer plotted against the time of day in Stylophora
pistillata. Each color represent replicate colonies of the same species we had 3 replicates
at each location. The respirometer was programmed for 60-min incubations periods, and
between those - one 20sec of pump operation flushing 15 liters of seawater per coral
chamber, to avoid oxygen depletion at nigh or supersaturation during daytime.
Continuous measurements of light, temperature, and O2 (by Clark type electrodes), were
recorded and stored by the respirometer logger every 2 minutes.
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Figure 6: The average Relative Buoyant Weight (RBW) in g day-1 (n=3) of the three
species at the end of the winter (blue) and the end of summer (red). Growth rates did not
differ between the sites and the seasons at the 8m sites (Two-way ANOVA p>0.05). At
the 19m sites the RBW was significantly higher in winter (Two-way ANOVA, p<0.05).
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Table 1: Average and std (n=3) of photosynthetic parameters of the three species at the
end of the winter and the end of summer. P/R did not differ between sites but was found
to be significantly different between the seasons (Factorial ANOVA, P=0.047 and P=0.02
for Millepora and Stylophora& Acropora respectively). Ic differed significantly between

the seasons and the sites, showing significant differences between the two depths

(Kurskal-Wallis ANOVA, P<0.01 for all coral species). For Acropora, Pmax and alpha

differed between 8 m and 19 m at the IUI (Kurskal-Wallis ANOVA, P=0.04). Dark
respiration differed between seasons and sites, at the end of summer there was a

significant difference between Stylophora (P=0.01) in the 19 m sites and the 8 m sites and
Millepora (P=0.03) between Taba and all other sites.

location
sp. date Data dekel 8m fc 19 m iui 19 m iui 8 m katza 8 m taba 8 m
Acropora summer | avg P/R 3.32E+00 3.11E+00 2.48E+00 2.92E+00 2.74E+00
std P/R 2.48E-02 1.82E-01 6.78E-01 1.57E-01 4.05E-01
avg Ic 1.98E+02 7.46E+01 1.05E+02 1.68E+02 1.58E+02
std Ic 1.04E+01 1.08E+01 9.35E+00 4.49E+00 4.15E+01
avg Pmax 2.29E-01 2.19E-01 3.30E-02 1.81E-01 1.31E-01
std Pmax 3.68E-02 8.71E-02 7.45E-03 1.34E-02 3.26E-02
avg alpha 2.82E-04 5.46E-04 9.82E-05 2.36E-04 3.18E-04
std alpha 2.49E-05 2.33E-04 1.07E-05 9.91E-06 1.97E-04
avg Drkresp
-8.80E-01 -6.93E-01 -3.37E-01 -8.20E-01 -6.33E-01
std Drkresp | 4.10E-01 6.94E-02 4.71E-03 9.90E-02 2.49E-02
winter avg P/IR 2.47E+00 2.49E+00 2.49E+00 3.63E+00 2.92E+00 2.96E+00
std P/R 1.05E-01 6.48E-02 2.76E-01 2.08E-01 1.81E-01 2.35E-01
avg lc 4.53E+02 1.51E+02 1.54E+02 4.16E+02 3.98E+02 3.63E+02
std Ic 4.69E+01 1.14E+01 1.27E+01 2.22E+01 5.03E+01 3.60E+01
avg Pmax 8.43E-02 7.87E-02 6.03E-02 4.60E+02 1.21E-01 1.05E-01
std Pmax 1.66E-02 2.61E-02 1.88E-02 6.50E+02 2.58E-02 3.23E-02
avg alpha 5.12E-05 7.37E-05 7.45E-05 8.08E-05 7.19E-05 7.02E-05
std alpha 1.05E-05 3.41E-06 1.38E-05 8.57E-06 1.66E-05 2.25E-05
avg Drkresp
-5.47E-01 -3.27E-01 -2.03E-01 -1.06E+00 -7.57E-01 -6.13E-01
std Drkresp | 8.96E-02 2.05E-02 1.70E-02 2.57E-01 1.09E-01 1.03E-01
Milepora summer | avg P/R 3.22E+00 2.21E+00 4.62E+00
std P/R 7.40E-02 7.92E-02 3.85E-01
avg lc 1.39E+02 1.85E+02 1.31E+02
std Ic 0.00E+00 1.36E+01 9.68E+00
avg Pmax 7.04E-02 1.76E-02 1.78E-01
std Pmax 1.44E-02 1.24E-03 4.87E-02
avg alpha 1.29E-04 3.58E-05 2.42E-04
std alpha 2.39E-05 2.78E-06 6.16E-05
avg Drkresp
-3.27E-01 -1.47E-01 -9.25E-01
std Drkresp 5.31E-02 3.68E-02 1.25E-01
winter avg PR 2.99E+00 3.47E+00 3.09E+00 3.41E+00
std P/R 1.83E-01 4.23E-01 3.06E-01 1.44E-01
avg lc 3.23E+02 4.35E+02 3.70E+02 4.46E+02
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std Ic 3.41E+01 5.59E+01 4.08E+01 4.45E+01
avg Pmax 3.11E-02 1.08E+02 1.65E-01 1.71E-01
std Pmax 1.73E-02 1.52E+02 6.71E-02 9.25E-02
avg alpha 4.36E-05 4.42E-05 8.01E-05 3.86E-05
std alpha 1.86E-05 1.55E-05 1.61E-05 3.66E-06
avg Drkresp
-3.60E-01 -5.10E-01 -4.57E-01 -5.33E-01
std Drkresp | 2.94E-02 2.45E-02 6.85E-02 1.25E-02
Stylophora summer | avg P/R 4.84E+00 3.51E+00 2.95E+00 2.50E+00 3.47E+00 1.92E+00
std P/R 4.65E-02 1.04E+00 7.18E-01 1.61E+00 1.04E-01 3.14E-01
avg Ic 1.40E+02 1.01E+02 9.65E+01 1.39E+02 1.75E+02 2.88E+02
std Ic 0.00E+00 3.77E+01 1.02E+01 6.68E+00 7.13E+00 3.63E+01
avg Pmax 2.88E-01 8.14E+02 4.76E-02 1.52E+00 1.60E-01 4.38E-01
std Pmax 4.01E-02 6.18E+02 1.23E-02 1.93E+00 1.47E-02 1.25E-02
avg alpha 3.42E-04 4.74E-04 1.22E-04 2.61E-04 2.04E-04 7.08E-04
std alpha 4.78E-05 2.28E-04 9.77E-06 1.20E-04 2.57E-05 3.06E-05
avg Drkresp
-1.03E+00 -7.03E-01 -4.47E-01 -9.50E-01 -8.00E-01 -4.93E+00
std Drkresp | 1.80E-01 1.60E-01 1.01E-01 5.30E-01 1.06E-01 3.10E-01
winter avg P/IR 2.57E+00 2.18E+00 2.36E+00 3.64E+00 2.75E+00 2.47E+00
std P/R 1.72E-01 7.70E-02 1.72E-01 1.04E-01 7.51E-02 2.61E-01
avg Ic 4.13E+02 1.69E+02 1.73E+02 3.97E+02 4.74E+02 4.83E+02
std Ic 3.62E+01 2.18E+01 1.65E+01 2.57E+01 1.44E+01 5.87E+01
avg Pmax 2.13E-01 8.05E-02 1.08E-01 1.89E-01 1.12E-01 1.06E-01
std Pmax 5.86E-02 2.74E-02 6.62E-02 2.90E-02 9.23E-03 7.60E-03
avg alpha 1.37E-04 9.51E-05 6.98E-05 8.39E-05 5.61E-05 6.88E-05
std alpha 3.16E-05 1.58E-05 1.88E-05 2.02E-05 1.15E-06 5.95E-06
avg Drkresp
-9.00E-01 -4.43E-01 -3.57E-01 -1.36E+00 -9.37E-01 -8.60E-01
std Drkresp | 4.90E-02 1.37E-01 8.65E-02 1.70E-01 6.80E-02 7.26E-02
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Figure 9: Alpha differed significantly between season but not between sites or depths
(Kurskal Wallis ANOVA P=0.003 and P>0.05 respectively). During the summer (blue)
values were much higher than during the winter (red) indicating lower photosynthetic
yield during the summer.
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Figure 8: Ic, the light intensity at which coral primary production equals respiration,
differed significantly between 8 m and 19 m (Kruskal-Wallis ANOVA, P<0.05). There
was also a significant difference between the seasons (Kurskal-Wallis ANOVA, P=0.01),
Ic was much lower during the summer (blue) than during the winter (red). No differences
in Ic were found between the sites.
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Figure 7: P/R ratio did not differ significantly between the seasons nor between sites
(Factorial ANOVA P>0.06 for all coral species). This indicates that photosynthetic rates
are similar at all of the sites and all year round. Primary productivity exceeds coral
respiration at all sites.

4. Summary and Conclusions of Coral Physiology

When comparing between the seasons, we found a significant increase in Ic during the
winter accompanied by a significant decrease in alpha. At the deep sites (19 m) we also
observed faster growth rates during winter. When comparing between depths we found a
significant increase in Ic at the two deeper sites (19 m). We did not find significant
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differences in the growth or in other physiological parameters between the sites.
Conclusions 1 and 2 prove that this method is reliable and can be used to detect
difference between sites, if exist. We interpret the depth differences in the photosynthetic
parameters as the effect of light intensity, and the differences between seasons as
resulting from the combination of lower irradiance and temperature, with enhanced
nutrient availability Based on our results we suggest that the growth condition of the
three species we have checked and the photosynthetic parameters are the same all along
the Israeli side of the Gulf of Aqaba.
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