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English Abstract

The following report describes in detail the work and finding of the monitoring program
of the Northern Gulf of Eilat during the period September 2002 to November 2003. Every

chapter includes a brief description of the methods used, results (charts and tables),

discussion and conclusions. In a number of sections the results from the current program

were compared with results from previous studies in order to identify trends in various

parameters. However, in other sections, our results are reported for the first time and

therefore could not be compared with past measurements. The raw data of all the

measurements is to be found on the attached CD. Tables of the monitoring team activities

are included in the appendix at the end of the report.

Major Findings

1.

The current regime at the Southern shore of Eilat was similar to that observed in
previous studies in all respects except for the timing of the reversal of the long-shore
current (North to South). In the past (1989 to mid 1990’s) this reversal would take
place in February. However this year the reversal occurred in March (Figure 81). It is
possible that this delay is somehow related (as a cause or effect) to the temperature
anomaly described below.

In the winter of 2002-2003 the sea-surface temperature was relatively warm (+1.5°C
anomaly during January-March, Figure 79), vertical mixing of the open-sea water
column was relatively shallow (350 m, Figure 35) and the spring phytoplankton
bloom was week (Figure 77) as expected in mild winters. Water temperature at the
beginning of the winter was the warmest ever observed throughout the 16 year record.
In contrast, the mixing depth and phytoplankton bloom did not exceed any of the
observations made since 1988. Surface water temperature during the rest of the year
did not deviate from the maximal range of the multi-annual record. Warm water and
low phytoplankton concentrations during the winter are considered to be favorable
conditions for reef corals.

Community structure measurements of the coral reef (percent coverage of corals and
different substrates; Figures 1 and 2) were similar to those observed throughout the
past three years. It should be pointed, however, that this apparent steady state in coral
coverage is substantially lower (tens of percent) than those documented by Prof. Y.

Loya from Tel Aviv University during the 70’s and 80’s. The sparse coverage values



obtained at the Nature Reserve Reef (NRR), Almog Beach, is similar to those
obtained at Katza Beach, which is totally closed off to the public.

The rate of community calcification of the NRR is comparatively lower then that
measured throughout the period 2000-2002, when standardized by the water’s level of
saturation in aragonite. This decline may be indicative of a decrease in coral coverage
(although no such decrease was found; see above), some physiological pressure on
corals (e.g., disease), or a decline of other calcifying organisms at the reef (e.g.
mollusks, calcareous algae).

The growth potential of benthic algae in the reef has grown steeply from 1998
through 2001 and has since remained at a high level (Figures 21, 23). Such a change
is usually symptomatic of eutrophication as observed in direct measurements (see
below). However, effective functional response by benthic grazers (e.g., fish, sea
urchins) has so far prevented the realization of this potential and has prevented any
significant changes in the biomass of benthic algae throughout the 7 years since the
monitoring of this parameter started (Figure 23).

The percentage of organic matter in the sediment showed a large, monotonic increase
from the Taba in the south to the North Beach (Figure 34a). High organic content (ca.
2%), which was to be found only in north shore sediments in 1999, is now apparent in
sediments as far south as Dekel beach (Figure 34c), with relatively high values found
also near the reef at Coral Beach (Figure 34b). Two probable causes can explain this
gradient: (a) An increase of organic load in the water in the North Beach region. (b) A
co-occurring gradient in grain size (larger grain size in the south). In order to clarify
this issue it is necessary to design experiments, which will enable us to quantify the
relative influence of these processes (input vs. aeration) on the spatial distribution of
organic matter content in the sediments. Such experiments will be conducted during
the summer of 2004. Nonetheless, the apparent increase in organic matter content in
the sediments between 1999 and 2003 as well as expansion of high values further
south bear witness to the multi annual cumulative increase in organic load on a
regional scale as seen in other parameters (see below, sections 8,9).

The gradual increase in the surface water acidity (decrease in pH) in the coastal
waters between 1997 and 2002, as well as the similar trend in the open-sea station
during the stratified period (May-October), has reversed in 2003. This years, the pH
values were similar to those measured prior to 2000. This reversal is likely a result of
the relatively warm winter 2003 and shallow mixing in the 2002-2003 winter.

The rates of primary production measured in the open water column of the Gulf in
2003 were much higher than those obtained throughout the 1990's (Ch. 4 section 6).



This observation is most likely related to the concurrent eutrophication in the northern
part of the Gulf as detailed below.

A significant increase in the pool of nutrients (dissolved inorganic nitrogen and silica)
in the deep water column has been identified. This increase apparently spans
throughout the northern section of the Gulf, as far south as the southern border of the
Jordanian territorial waters at least (20 km from the northern shore of the Gulf),
possibly beyond. The integrated amount of nitrogen in the water column (quantity per
m’ of sea surface), integrated between the sea surface to 680 m depth, has grown by a
factor of 2.2 since 1997, while the amount of silica has risen only by a factor of 1.8. If
the source of nutrients was natural, we would not expect to see changes in the ratio
N:Si. This change may be indicative of an external source or sources of nutrients with
a high N:Si ratio. On the other hand, the increase in Si may be the result of a natural
process which follows the increase in N (see discussion in Ch. 4 section 4). High
resolution measurements of parameters sensitive to eutrophication (primary
production, nutrient concentrations, and organic matter content in sediments) indicate
that a major source of nutrient enrichment is located in northern shore area of the
Gulf.

Conclusions and recommendations

1.

Measurements of five analytically-independent parameters (nutrient increase, growth
potential increase of benthic algae in the reef, increase in organic matter content in the
sediment, increase in primary production and decrease in coastal water pH throughout
the period 1997-2002) indicated that the Gulf is undergoing a wide spread
eutrophication with a multitude of ecological consequences. This process has caused
a significant change in water quality, which poses among others a danger to the well-
being of the coral reefs in this region.

In light of the irrefutable evidence pointing to the ongoing massive eutrophication
process in the Northern part of the Gulf of Eilat, we submit two operative
recommendations: (a) To prevent nutrient influx to the Gulf from any anthropogenic
source known today, specifically from the fish cages. (b) To determine the southward
extend of the eutrophication and to asses the magnitude of nutrient fluxes from

sources other than the fish cages.



DAMYXN NIV .

niva N1an o e

n1n %) SNIRD2T 02XM 22T L0 DOAADR DU M0 IR TR VT DY 121 DOADRT NN 28N
SW M0 IR W 70T O72-5Y aPNT T 17N .MAWNA MI0T W NN 03 1D (72w
,DPAINORT DWW 22TI3 17T A0 .210T DN TIRY DOANOR CTOWN 00 QAR LTI YRR WP YR

.07 212772 0OIR NPT °I0M 2w NIRXMAYT NI 023N

o°7un 15 -1 10,5 oopmva ,(TUT) "RU DI NIR1IT 110N 21 NI :0°INK 1w 1AT1 PIn w1Ina
7710 ,°097 P80 "'y SCUBA 097932 791 0077 0701 15 -1 10 2opniwva X'RXp2 nPnwm
Y2 16 - 11 :2130777 °2°9R0 .NK 921w PN

70X 932 ' 25 5w TIRA 77071 810 Do 3993 (2003 yon ) A9 mN2 whnw fa 7w
TTOTR 1T 1Y 932 .10707 TIRY R 000 5 5w 2o vupn awihw D NORIPR 71 ,00pnIvan
N7 (N7, Y139 ,X212) S1121P0°07 DX 2N 11X TIN (220X NI PI0M) DOAMIRT 2w NN

1770 V0 12 TOYR QIR P90 YN I YRR And HW 037K

DY NPRIPR TIP3 I WK 2" 15w 5732 0107 12772 20T 03 YRR 0T TR 777717 (o3

,MINTOM ,MIDTY ,0%-7221) N1 2700 W 2UNIRT PW 2 NWT O 17VIN LIT°TR U0 MK 01D
=2 (n"o 1-5) Top =1 WK WP WK 27 MXI2PT 1PN 03 D2NORT 1M 3127 932 (71971 2220
W P10 2¥NT QWD 19 11D (A0 25< )TNk 1Ta =4 (n"0 10-25 )717a =3 (2" 5-10) 117

(nn 319 ,X°12) v 9

TNR 922 PRI 92w 70 DT IR DR MAw? vomin (2003 7an) NRYRT TTYNT N¥ONT Mapya
IM3T1 72N 127000 DWTINA .(ATIPAD 1 5 ’DY) KD 1 10 Dw 71IR2 2RIPR 22200 6 AT
o 15 -1 10,5 oopmwa ,(TUT) "RUP0I2°1IR1IT 11007 21 ONWI 100K PIW NIDTIVNT 70wl
N9°9%2 T DT 0A 5 PrIva (10 ADEN? NIDEN) MNOR NI NINY 2w MITA Apna N
2-9 2 n371 RVDI2O1INRI®AT NN 20 NN NPOR P21 1920 700,07 Y "'y SCUBA

10



7R 22 w91 2 100 5w 7782 77°72 00 L0212 13-2 29K NI NNRYAR N D210902
6 11137 PRIV 992 .107077 TNIRY 291X 270n 10 W YR AT P10 7 ORIPR 19INDY 20PN

110 5w 2»RpR 2°onn

:NINIIN
WXIW (X"NXXP 03w NP 772820 INKA mznbw) D°ONT AT 5 Y 2°00121 TN W NN
4 5y D°0012M 12RO WTIT 1NI .DMT OPI MYRARI O3 DATI TNM 92 .20 7998 70 awnna

NIDTIVAN YW WYY (7AW TR DA% 772910 DR IWIPW) 22NN 00T

MARCH-2003 Line transects

1(9)8:;: : . . . B Hard Substratum

O Soft Substratum
70% O Skeletons
50% | M Live Corals

% Cover

& &
6\’\60 \'\0 \'\Q,)& ?}\q) Y‘\\Q \§§)
< < N v
NLON &
Site/Depth

M2 L,RTRIP 2O 2RI DI TP DRR L300 2OMIRBR A0 293RDR DR M0 MR i R 1 '0n R
DNTIMY) DRI MWW IBONRI TOR 2003 2003 s (NR) MebR mn nmeway (IUT) nomon a7avnn

('R 5 9MN2 2T

Figure 1a: coverage percentages of live corals, dead corals, hard substrate and sand at
different depths in Katza, the Interuniversity Institute beach (IUI) and the Almog beach
nature reserve reef (NR) during March 2003. These measurements were made using the

previous method (the length of a measurement unit is 5 m).

11



September 2003 Line Transects

100% | . I
u Hard Substratum
e = Soft Substratum
407 = Skeletons
0/° Cover' ° - Live Corals
40%
20%

0% '
IUI-5m IUI-10m  IUI-15m NR-5m
Site/Depth

TTAVAT NI DI 2IPRIDD DI TWR PRR ,290% DINMOR L2997 29MEOR P M9 AR 12 1 'on N
UMW VORI TOR 2001 L' 5 prwa ( NR) 2 mbR 0 nomway vn 5,10,15 aspmwa (IUD) nomon

("% 10 99I82 29397 NTOMY) NISTIIRN
Figure 1b: coverage percentages of live corals, dead corals, hard substrate and sand at
Interuniversity Institute beach (IUI) at 5, 10 and 15 m depth and the Almog beach nature
reserve reef (NR) at 5 m depth measured during September 2003. These measurements

were made using the updated method (the length of a measurement unit is 10 m).
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IUI- NR Line Transects
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Figure 2: coverage percentages of live corals, dead corals and sand at 5 m depth at the
Interuniversity Institute beach (IUI) and the Almog beach nature reserve reef (NR)

measured during September 2003. The percentages are based on 6 10 m long transects.
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Figure 3: absolute density indexes at the Interuniversity Institute beach (IUI), Katza and

the Almog beach nature reserve reef (NR).

14



1UI

70

60

50 |
%0 |
30
20 |

10 |

m i

6-10 11-25

Size Category (cm)

>25

O 5m
O 10m

15m

70

Kazaa

60

50

40 -

%

30 A
20 A
10 A

1-5

6-10 11-25
Size Category (cm)

>25

B 5m
O 10m

Nature Reserve

70

60

50

D/o 40
30

O 5m

20 |

ml

6-10 11-25

Size Category (cm)
SOy

>25

10m

Y (IUT) nomom 77a0m 5 ,R'REP 200057 250mI0a 2oMnDR D 7awins 5713 naenst 4 91K

SIMBR 0T D2

Figure 4: colony size distribution at different depths in Katza, the Interuniversity Institute

beach (IUI) and the Almog beach nature reserve reef (NR).
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Figure 6: map of site locations for community structure surveys using the permanent
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4 square pictures will be taken once a year.
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Figure 7: a. The stand and underwater camera used for monitoring corals and other
benthic animals in permanent squares at the sites in Figure 6. b. schematic diagram of the
camera positioning on the stand relative to the area of the permanent square monitored. c.

Example of 4 pictures taken at a single monitoring site.
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Figure 8: Example of analysis of composite picture using Image Pro software. In this
picture the user can identify and outline the different organisms in order to assess their
dimensions (e.g. coral circumference, area, % live area, etc...). Changes over time in
dimensions can be used to assess growth, mortality and recruitment rates. The numeric
values are automatically produced by the software as shown in the screen shot on the right
based on the known dimension of an object appearing in the picture (white plastic tag in the

middle of the picture).
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Figure 8a: Average number of planulae released per coral colony of per night in the coral
species Stylophora pistillata at the Interuniversity Institute beach during June-July 2003.
Every bar represents the average number of planulae released per coral colony during the
same night (for 10-12 coral colonies measured). Full and new moon nights are designated by

an empty and filled circle respectively.
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Figure 8b: fraction of corals that released planulae out of 10 to 12 colonies measured per
night during the measuring period June-July 2003. Full and new moon nights are

designated by an empty and filled circle respectively.
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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 10a-d: Values of diurnal cycle studies conducted during November 2002, March,

May, June and July 2003 of lagoon water (blue) and open-sea water (red) of the

following chemical constituents: a. dissolved oxygen. b. pH measured at 25°C. c. Total

alkalinity. d. Total oxidized nitrogen.
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Figure 11a-d: Values of diurnal cycle studies conducted during November 2002, March,

May, June and July 2003 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 12: Comparison of diurnal average calcification rates (G) and aragonite degree
of saturation ({.,) in the NRR measured during the RSMPP (2000-2002) and the
NMP (2002-2003). The data is divided into two subsets according to the open-sea water
TON concentration above and below 0.2 uM. Black diamonds (RSMPP) and triangles
(NMP) designate data points with open-sea TON<0.2 uM. Grey squares (RSMPP) and
circle (NMP) designate data points with open-sea TON>0.2 uM. Dashed and continuous
grey lines represent the high and low TON regression lines calculated for RSMPP data
multiplied by a factor of 0.75 respectively.
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Figure 13: Minimum (black diamonds) and maximum (empty squares) measurements
of dissolved oxygen concentration at the permanent monitoring station in the Japanese
Gardens lagoon relative to the open-sea concentration (grey circles) from the coastal
station and monitoring cruise measurements for the period January 2001 to November
2003.
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Figure 14: 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 November 2003.
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Figure 15: Minimum (black diamonds) and maximum (empty squares) measurements
of total alkalinity 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 November 2003.
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Figure 16: 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 November 2003.
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Figure 17: 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 November 2003.
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Figure 18: 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 November 2003.
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Figure 19: REP values calculated from diurnal minimum-maximum measurements of

total alkalinity and dissolved oxygen at the permanent monitoring station in the

Japanese Gardens lagoon and their corresponding values in the open-sea for the period
January 2001 to November 2003.
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Figure 20: The periodic accumulation (3-4 months) of CaCQOj; in the nature reserve reef
based on diurnal minimum-maximum measurements of total alkalinity at the
permanent monitoring station in the Japanese Gardens lagoon assuming a constant
diurnal average residence time of water in the reef (4.5 hours) and diurnal average

depth (1.7 m) for the period January 2001 to November 2003.
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Benthic Algae Chlorophyll a on Open and Caged Plates
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Figure 21: Chlorophyll a biomass present on the settlement plates per unit area as a
function of time in the water (in months). Black and green diamonds represent the open and
caged plates measured during 2003 (average of three plates with standard deviation). Red
and Blue diamonds represent the average values calculated for measurements taken over
the previous 6 years (1997-2002) for caged and open plates respectively. In 2003 there is a
significant increase in benthic algae biomass in the caged plates relative to the previous 6

year period averages.
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Benthic algae on Open and Caged plates
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Figure 22: Chlorophyll a biomass present on the settlement plates (every point represents
an average of 3 plates) per unit area throughout the year (2003). The data was gathered
using the updated monitoring protocol suggested by the scientific steering committee. Green

and black points represent caged and open plates respectively.
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Figure 23: The multi annual change in benthic algae growth on open (black) and caged
(green) plates (n=3) in each monitoring season (February-June) during the period 1997-
2003.
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Figure 24: Growth of benthic algae on closed plates for each monitoring season (February-
June) normalized for the maximal mixing depth on each season since 1997. Each point is the
product of the values from Figure 23 and 1000 divided by the mixing depth. The objective
of normalizing for maximal mixing depth in each season is to take into account the natural
nutrient enrichment associated with this physical phenomenon, which occurs to a varying
degree every winter. Nutrient concentration in the surface water increases with the mixing
and therefore more nutrient are available for benthic algae population development. The
increasing trend displayed in this figure indicates that there is an additional source of
nutrients other then vertical mixing of the water column. This conclusion is supported by

the direct measurement of nutrients (appendix 4).
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Figure 25: Map of the open-water monitoring station in the territorial waters of Israel in the
Gulf of Eilat.
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Figure 26: pH measurements at all coastal water monitoring stations from October 2002 to
October 2003 measured at a constant temperature of 25°C. The monthly values are
displayed relative to the multi annual average calculated for OS measurements since 1999
(dashed line). Furthermore, calculated pH values in the surface water (in equilibrium with
atmospheric pCO,=370 ppm and A7;=2490 pequiv/kg) are displayed (green line and red
filled circles).
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Figure 27: pH measurements at all coastal water sampling station during the month of
September of each year (2000-2003).
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Figure 28: pH measurements during the stratified season (May-October) at the coastal

water sampling stations during the period 1997-2003.
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Figure 29: Total oxidized nitrogen concentrations at the coastal water sampling stations
from October 2002 to October 2003 displayed relative to the multi annual average value at
the OS station during the mixing period (dot dash),entire year (dot dot), and this years

annual average (dashed line).
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Figure 30: Phosphate concentrations at the coastal water sampling stations from October

2002 to October 2003 displayed relative to the multi annual average value at the FF station
(dot dot), and at OS (dashed line).
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Figure 31: Chlorophyll a concentrations at the coastal water sampling stations from
October 2002 to October 2003 displayed relative to the multi annual average value at OS
(dashed line) and at the FF station (dot dot).
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Figure 31: Silicate concentrations at the coastal water sampling stations from October 2002
to October 2003 displayed relative to the multi annual mixed season (November-April)

average value at OS (upper dotted line) and this years annual average (lower dotted line).
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Figure 33: Ammonia concentrations at the coastal water sampling stations from January to
September 2003.
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Figure 34a: Average organic matter content in the sediments at different coast stations from
north (Fish Farms) to south (Taba). Averages and the 95% confidence intervals were

calculated for the values measured in January, May, June, July and October 2003.
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Figure 34b: The average values of organic matter content in the sediments at the different
coastal sampling stations for each month of sampling. The data points represent the average

values and the 95% confidence interval.
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Figure 34c: Comparison of organic matter content in the coastal sampling stations made in
January 2003 to those made at the same sites in January 1999. Since the spatial resolution
of measurement was far greater in 1999, the average values of 2-4 stations near those

measured in 2003 are presented.
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Figure 35: Vertical profiles of temperature at station A from January to November 2003. The temperature is presented in the IPTS-68

scale.
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Figure 36: Vertical profiles of salinity at station A from January to November 2003. The salinity is presented in the IPS-78 scale.

60



Temp. (°C Temp. (°C
20 22 24 26 20 22 24 26
0 M 0 ‘ ‘
| g | S
100 + 100 1 P
200 + 200+
T 300 1 { B 300+
) 5 1
= 400 < 4001
g 500 + E 5001
| — Temp L — Temp
600 1 Flu 600 Flu
700 + 11/05/03 700 | 15/06/03
‘ ‘
0.00E+00 1.00E+01 2.00E+0] 0.00E+00 1.00E+01 2.00E+0
Flu Flu
Temp. (°C) Temp. (°C Temp. (°C Temp. (°C Temp. (°C
20 2 4 2% 20 22 24 26 28 20 22 24 26 28 20 2 24 26 2 20 22 24 26 28
0 = 0 —> 0 —> 0 — 0 J
0+ 7 00+ 100+ = 100+ _/ 100 + i
w1 [/ 200t f/ ) 2001 | 200 / wl 7
g 300 " 3001 | " 300 g 3001 g 300 1
A | 2 A A | )
< 400 1 < 400 1 < 400+ < 400+ < 400 1
& sl & sl & o0l ’ &
500 + 500 500+ 500 1+ 500
| — Temp | — Temp | — Temp | — Temp | — Temp
600 T Flu 600 T Flu 600 Flu 600 T Flu 600 T Flu
700 + 13/07/03 700 -+ 1000803 700+ 14/09/03 700+ 26/10/03 700 + 16/11/03
0.00E+00 1.00E-+01 2.00E+0 0.00E+00 1.00E+01 2.00E+0 0.00E+00 1.00E+01 2.00E+0 0.00E+00 1.00E-+01 2.00E+0 0.00E+00 1.00E+01 2.00E+0]
Flu Flu Flu Flu Flu

DM MITIR DX ORIOIMNRGDT L2003 9272331 TV ORBER A 7InNa (7IM) 7WIDRY TAID (P177) TORISINNIE S 251K 2995195 37 TN

Figure 37: Vertical profiles of fluorescence (green) and temperature (pink) at station A from May to November 2003. The fluorescence is

presented in arbitrary units.
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Figure 38: 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.
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Figure 39: North to south profile along the Gulf bisecting line between stations A in the
south through OS station to the FF station in the north during the April 2003 monitoring
cruise. Contour plots of temperature (upper left panel), salinity (upper right panel), and
density (in sigma T units, lower right panel) are presented. Vertical black lines in each plot

designate the location of each station along the transect.
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Figure 40: North to south profile along the Gulf bisecting line between station A in the south
through OS station to the FF station in the north during the May 2003 monitoring cruise.
Contour plots of temperature (upper left panel), salinity (upper right panel), density (in
sigma T units, lower right panel) and fluorescence (lower right panel) are presented.
Vertical black lines in each plot designate the location of each station along the transect.
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Figure 41: North to south profile along the Gulf bisecting line between stations A in the
south through OS station to the FF station in the north during the June 2003 monitoring
cruise. Contour plots of temperature (upper left panel), salinity (upper right panel), density
(in sigma T units, lower right panel) and fluorescence (lower right panel) are presented.

Vertical black lines in each plot designate the location of each station along the transect.
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Figure 42: North to south profile along the Gulf bisecting line between stations A in the
south through OS station to the FF station in the north during the July 2003 monitoring
cruise. Contour plots of temperature (upper left panel), salinity (upper right panel), density
(in sigma T units, lower right panel) and fluorescence (lower right panel) are presented.
Vertical black lines in each plot designate the location of each station along the transect.
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Figure 43: North to south profile along the Gulf bisecting line between stations B in the
south through station A and OS stations to the FF station in the north during the August
2003 monitoring cruise. Contour plots of temperature (upper left panel), salinity (upper
right panel), density (in sigma T units, lower right panel) and fluorescence (lower right
panel) are presented. Vertical black lines in each plot designate the location of each station

along the transect.
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Figure 44: As in Figure 39 but for the month of September (14/9/2003).
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Figure 45: As in Figure 39 but for the month of October (26/10/2003).
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Figure 46: Vertical profiles of dissolved oxygen (DO) in the open-sea water column for each monthly cruise at station A (blue), OS (pink),
station B (August cruise, green) and the calculated (from temperature and salinity of surface water) value of oxygen saturation

concentration (blue dashed line).
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Figure 47: Vertical profiles of pH (at 25°C) in the open-sea water column for each monthly cruise at station A (blue), OS (pink) and
station B (August cruise, green).
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Figure 48: Vertical profiles of nitrite in the open-sea water column for each monthly cruise at station A (blue), OS (pink) and station B

(August cruise, green).
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Figure 49: Vertical profiles of nitrate in the open-sea water column for each monthly cruise at station A (blue), OS (pink) and station B
(August cruise, green).
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Figure 50: Vertical profiles of phosphate in the open-sea water column for each monthly cruise at station A (blue), OS (pink) and station
B (August cruise, green).
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Figure 51: Vertical profiles of silicate in the open-sea water column for each monthly cruise at station A (blue), OS (pink) and station B
(August cruise, green).
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Figure 52: Vertical profiles of chlorophyll a in the open-sea water column for each monthly cruise at station A (blue), OS (green).
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Figure 53: Contour plots of vertical and horizontal profiles of TON between station A in the south through
OS to station FF in the north during the March through June monitoring cruises. Vertical black lines

designate the location of the stations along the transect.
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Figure 54: Contour plots of vertical and horizontal profiles of TON between station A in the south through
OS to station FF in the north during the May through October monitoring cruises. Vertical black lines

designate the location of the stations along the transect.
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Figure 55: Contour plot of the vertical and horizontal TON distribution in the open-sea water column
measured along a north south transect from station B in the south through stations A and OS to the FF
station in the north measured during the August 2003 monitoring cruise. Vertical black lines designate the

location of the stations along the transect. The color scale numerals are in pM units.
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Figure 56: The oxygen inventory in the open-sea water column at station A in the 400-650 m depth range.
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Figure 57: The total oxidized nitrogen inventory of the open-sea water column at station A in the 0-680 m

depth range for each cruise during 2003.
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Figure 58: The nitrate inventory of the open-sea water column at station A in the 0-680 m depth range for the

months of June (speckled bar) and September (white) in every year between 1997-2003.
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Figure 59: The nitrate (white) and silicate (speckled) inventories in the open-sea water column at station A

for the month of June in each year from 1997-2003.
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Figure 60: Comparison of TON and DO measurements from all depths at stations A (filled circles) and OS
(empty squares) from the months of January-April and September-October. Black trend line represents the
relation between nitrogen and oxygen throughout the entire water column. Grey trend line represents the

same relation for samples taken from depths greater than 400 m.
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Figure 61: 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 62: Example of a phytoplankton count using the FACS instrument. The axes represent the intensity of
green (horizontal) and red (vertical) fluorescence. The red and green areas on the plot are characteristic of

the Synechococcus and eukaryotic algae populations respectively. This plot is for illustration purposes only.
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Figure 63: Vertical distribution profiles of Synechococcus (red) and eukaryotic algae (green) relative to

chlorophyll a (yellow) at station A during the January 2003 monitoring cruise. The mixing depth was 280 m.
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Figure 64: Vertical profiles of phytoplankton and chlorophyll a (green) biomass in the open-sea water
column during the summer (A), fall (B) and winter (C) for two major populations: Syrnechococcus (black)
and eukaryotic algae (red). Profiles A and B are characteristic of the stratified water column during summer

and fall and profile C is characteristic of the vertical mixing during the winter.
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September and October 2003. There is no consistent difference between measurements at the same stations

over time or between stations.
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Figure 66: Comparison of chlorophyll a concentration and phytoplankton biomass estimated from cell counts

using the FACS instrument.
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Figure 67: Integrated value of primary production in the upper 20 m of the water column of the coastal

sampling stations and the open-sea in the months in which these measurements were made.
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Figure 68: The average dry weight of the total zooplankton between October 2002 to February 2003 (black
columns) and February to December 2002 (blue columns, RSMPP data) at three sampling stations.
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Figure 69: The average dry weight of total zooplankton samples at the various sampling sites and dates.
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Figure 70: Coefficient of variance of the average of averages of the 3 stations (see Figure 69) at the various

sampling dates.
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Figure 71: The average relative contribution of the different size groups to total zooplankton biomass

between October 2002 and February 2003 at the three sampling stations.
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Figure 72: Seasonal changes in the total zooplankton biomass (average +SD of the three sampling stations,
red circles) and chlorophyll a concentration (green line) measured at the underwater observatory jetty (2

week moving average) from February 2002 to February 2003 (RSMPP and NMP data compilation).
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Figure 73: The average dry weight + SD of the total zooplankton samples at the 3 sampling stations during
February 2003 (black columns, NMP) relative to the February 2002 sampling (blue columns, RSMPP).
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Figure 74: The average relative contribution of each zooplankton size group to the total biomass at the three

stations during each sampling date.
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Figure 75: The average dry weight + SD of the total zooplankton samples taken at the various sites and dates.
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Figure 76: Coefficient of variance of the average of averages of the 3 dates (see Figure 69) at each sampling

station.
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(Tukey Post-hoc j7an2 .(6 7920 ,p<0.0005 ,ANOVA) TIXn N>Mynwn A0 NopI?oRIT nonPa by anvn nyown
2002 72237 20PN 17 2MTIPA QWA TR 93 P2% 2003 X129 172 (p <0.05) ormyawn ovh727 Wy HSD)
2002 72237 0PI QWA PR TMYRwR 2727 X¥21 RY (4B 'on X9av)

a7 97("Month", n=3) 7w ,("Station", n=3) 2K nwown Yy "Repeated Measures ANOVA" jman :6 1792w
2N L(NPIPIVIOR) 7RI 0 2,29 MyDwsT .1 .AYOR PRsR 1IBRa PupibeINT nonva by ("Fraction', n=4)
.(Cochran’s test, p > 0.05)n1M212 TP W 71097 N7 DR WMP

1. Factor effects: SS d.f. MS F P
STATION | 5.6287 2 2.8 54.083 <0.0005
MONTH | 10.7706 2 54 32.005 <0.0005
FRACTION | 60.7015 3 20.2| 367.076 <0.000001

2. Interactions:

MONTH* STATION | 4.3705 4 1.1 6.494 <0.01
FRACTION* STATION 1.4956 6 0.2 4.522 <0.01
MONTH*FRACTION | 5.5038 6| 0.9173 11.000 <0.000005
MONTH*FRACTION* STATION 1.5876 12| 0.1323 1.586 0.1398

.(n=3) 2>wnn .B ,(n=3) nunn .A :a axnw> Tukey's HSD post-hoc tests »imana (P) nypmam sy @ 7 akav

A Station |Isr. North Beach |Oil Terminal |Isr. OffShore
_1 Isr. North Beach

2 Oil Terminal 0.002442

3| Isr. OffShore 0.000318| 0.011921

B| MONTH |Oct 2002 [Dec 2002 [Feb 2003

1| Oct 2002

2 [Dec 2002 [0.987816

3 |Feb 20030.010703 |0.013966

99



Nniv' XY NIT TN .N

291D 1.0
YR TP MW MRl (2" 300) @on NIRAT N .YwnR ANRY YW 172 P12 2TR MW 9K DR M7

2°P12p2 1w IN? 100 wm NWwA 7 2°IN0R 217 NURIPDIRITT NRYITY (NI WD YINN) °-NNi 798107 nina
90% %" 10 2 w1 29119277 Pw M . GF/F 0200 BV nanon nincaTan nnk 95, 772917 2°821m1 "' 300 Hw
pna mvw 24 qunt Buffered Acetone

MINXIN

0.6 1

Chlorophyll
(@]
N

o O
o N

= 190 17,2003 W37 NIWR =TI W (%7 DRI AR TIN0R) ARDR NI AR NURNT %152 a PO511ID 1199 177 PN
95% 10 N2 M1 — 2% 2w 20y ,(1988-2002) Sniw 21 pRmn
Figure 77: Continuous record of chlorophyll a concentration sampled daily at the underwater observatory
jetty (pink line) and the multi annual average (1988-2003, green line. The black lines represent the 95%

confidence interval of the multi annual record.

100



1.2
1.0

0.8 | )
S prin
0.6 - pring

04 < summer
) 7 J

w/v7 fall
02 1 (TN |V

0.0 ‘ ‘ ‘ ‘ ‘ ‘ ‘
1988 1990 1992 1994 1996 1998 2000 2002 2004

= \vinter

Chlorophyll a [mg m ]

1988 ™™ MW MW ANDR NI AR FURIT 2152 DIDIMNMVOT 11D YXIMAR B JAT 170 178 1R
Figure 78: Time series of seasonal average chlorophyll a concentrations measured at the underwater

observatory jetty since 1988.
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Figure 79: Continuous water surface temperature measured every morning at the underwater observatory
jetty during 2003 (red line), multi annual average (1988-2003, blue line) and black lines represent the multi

annual minimum-maximum temperature range.
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Figure 80: Time series of seasonal average temperature measured at the underwater observatory jetty since
1988.
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Figure 81: Progressive vector diagrams at different depths (title of each panel) measured by an ADCP
deployed at the TUI beach for the period 31/12/02-25/8/03. The vector position at the 1% of each month is
designated by black dots starting the 1* of January 2003. Note the current reversal at all depths during the
month of march.
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Figure 82: Polar histogram of current directions measured at 15 m depth for 2 month periods.
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Figure 83: The cumulative sum of the east-west component of the current (negative values mean west)
measured by an ADCP deployed at the IUI beach for the period 31/12/02-25/8/03.
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Figure 84: The cumulative sum of the north-south component of the current (negative values mean south)
measured by an ADCP deployed at the IUI beach for the period 31/12/02-25/8/03.
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Figure 85: Air temperature measured (10 minute intervals) at the Eilat weather station (grey) compared to
that measured at the IUI jetty (black) during October.
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Figure 86: Same as Figure 85 but for relative humidity.
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Figure 87: Same as Figure 85 but for wind speed.
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Figure 88: Same as Figure 85 but for global radiation.
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Figure 89: Sensible heat flux between the sea surface and the atmosphere (positive into the sea) calculated
with data from the Eilat weather station (grey) and IUI weather station (black) together with water
temperature measured at the permanent CTD station in the lagoon of the Almog beach nature reserve reef.

01/10 08/10 15/10 22/10 29/10

TN,

-200 1

QuLE (watt m'z)

-250

-300

-350

|— IUI — Eilat Regional |

SRLITIIIINIIRT T2 23101 9D DY MRbR [ s (@ Tns °21°17) STMBTMALRD 2A7 21D DM 21 AUR 21w 190 R

((TIDR) NYOR YA NUMBINIRVRAT TN 1NN (M)
Figure 90: Latent heat flux between the sea surface and the atmosphere (positive into the sea) calculated with
data from the Eilat weather station (grey) and IUI weather station (black) together with water temperature
measured at the permanent CTD station in the lagoon of the Almog beach nature reserve reef.

109



-100

Quw (watt m'z)
&
<>

-120

-140

-160

|— IUL — Eilat Regional

(2977 AN 921977) TIDOVALRY 23T 9157 B3 NN TP AV 90 91K 1 91 MK

Figure 91: Black body radiation heat flux from the sea surface to the atmosphere (positive into the sea)
calculated with data from the Eilat weather station (grey) and IUI weather station (black) together with
water temperature measured at the permanent CTD station in the lagoon of the Almog beach nature reserve

reef.
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Figure 92: Like Figure 90 but for calculated evaporation rates from the sea surface to the atmosphere. Black
lines represent the diurnal moving averages of both signals.
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Figure 93: The difference between the momentary evaporation rates calculated for the Eilat regional station

weather data and the IUI weather data. The Black line represents the diurnal moving average of this signal.
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Entry ID Data name Field Starting
date
35 NMP Monthly cruise CTD profiles Physical |01/01/2003
36 NMP Monthly chemical analysis of deep sea water Chemical (01/10/2002
37 NMP Chemical analysis of coastal sea water Chemical [01/10/2002
38 Chlorophyll Chemical |01/10/2002
39 Sediments Chemical |01/01/2003
40 NMP Currents Physical |01/10/2002
41 NMP Zooplankton Monitoring Biology 01/10/2002
42 Benthic Algae Settlement Biology 01/10/2002
43 Nanoplankton sampling Biology 01/01/2003
44 NMP Phytoplankton Primary Production Biology 01/01/2003
45 NMP Data station in the coral beach reserve Physical |01/10/2002
46 Benthos Monitoring Ecology |01/10/2002
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Figure 94: Screen shot of NMP website page diplaying the continuous real-time record of CTD
measurements (temperature, pressure and oxygen) at the permanent CTD station in the lagoon of the Almog
beach nature reserve reef.
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