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Chapter 1. Background

On 1.7.12, governmental decision #4848 was issued concerned with sustainable
economical development of marine biology and mariculture in Eilat. An
examination of the possible effects of commercial activities resulting from above
decision is of utmost importance in view of the fact that the northern Gulf of
Eilat's ecosystem is highly vulnerable to anthropogenic activity. The present
Committee, appointed by the Ministry of Environmental Protection®, was
established to advise the Ministry on the effects of effluent discharge on the
ecosystem of the Gulf and, furthermore, to provide recommendation as to
permissible quantities of effluent discharge from aquaculture activities. It should
be noted that the Committee did not look into the type of aquaculture systems
that could possibly be employed along the northern Gulf of Eilat. Merely, the
Committee's aim was focused on evaluating present knowledge on the
ecosystem and the dynamics (currents and mixing processes) of the northern
Gulf of Eilat in order to provide guidelines for permissible effluent discharge
levels. The Chief Scientist of the Ministry of Environmental Protection, Dr. Sinaia
Netanyahu, appointed a Committee of experts in the fields of chemical, physical
and biological oceanography, coral ecology, fish pathology, fish physiology,
aquatic microbiology, and water treatment in aquaculture systems. The
Committee consisted of the following members:

Prof. llana Berman-Frank, Bar Ilan University

Dr. Dan Chernov, Haifa University

Prof. Arik Diamant, Israel Oceanographic & Limnological Research, Eilat
Prof. Maoz Fine, Bar Ilan University

Prof. Amatzia Genin, The Hebrew University of Jerusalem

Prof. Hezi Gildor, The Hebrew University of Jerusalem

Prof. Yoav Gothilf, Tel Aviv University

Prof. Boaz Lazar, The Hebrew University of Jerusalem

Prof. Oren Levy, Bar Ilan University

Dr. Yonni Shaked, The Interuniversity for Marine Sciences in Eilat

Prof. Jaap van Rijn (Committee Chair), The Hebrew University of Jerusalem

Besides the Committee members, representatives from the Ministry of Economic
Affairs, Ministry of Agriculture and the Ministry of Environmental Protection
participated in the meetings. In addition to serving as observers, these
representatives provided information on the position of each of their ministries
with respect to the topic under discussion. The following ministerial
representatives participated in the meetings:

“The Committee’s letter of appointment is attached as Appendix 1
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Dr. David Assaf, Ministry of Economics

Dr. llan Malester, Ministry of Environmental Protection
Mr. Noam Mozes, Ministry of Agriculture

Dr. Dror Zurel, Ministry of Environmental Protection.
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Chapter 2. Committee Procedures

The initial meeting of the Committee was held on November 2, 2015 followed by
three additional meetings of which the last one on March 9, 20162. During the
first meeting, Dr. Sinaia Netanyahu, Chief Scientist of the Ministry of
Environmental Protection, provided information on the reasons behind
establishing the present Committee and on fundamental issues concerning
effluent discharge into the Gulf. In addition, each of four governmental
representatives, Dr. David Assaf, Dr. Ilan Malester, Mr. Noam Mozes and Dr. Dror
Zurel, briefed the Committee on their ministries positions regarding the topic
under discussion3. Dr. Rani Amir of the Ministry of Environmental Protection
was invited to this first meeting to update the Committee on governmental
regulations concerned with effluent discharge into the sea. The three following
Committee meetings were devoted to presentations by Committee members*
dealing with the physical, chemical and biological characteristics of the northern
Gulf of Eilat. In these latter meetings, the available information on the northern
Gulf of Eilat's ecosystem was analyzed by the Committee members eventually
leading to the synthesis of a number of recommendations on permissible
effluent discharge levels from anthropogenic activities in general, and
specifically from aquaculture activities. The Committee also communicated with
Prof. Steve Brenner from Bar Ilan University on mixing processes in the northern
Gulf.

2 Protocols of the meetings are attached as Appendix 2

3 PowerPoint presentations of each of the ministerial representatives are attached as Appendix 3

4 PowerPoint presentations of Committee members are attached as Appendix 4
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Chapter 3. Review of current knowledge on the northern Gulf of Eilat ecosystem

The northern Gulf of Eilat is a delicate ecosystem harboring a unique coral reef.
The Gulf of Eilat is generally considered an oligotrophic sea and, consequently,
relatively small changes in ambient nutrient concentrations evoke relatively
rapid changes in phytoplankton biomass and composition. Nutrient addition into
the northern Gulf of Eilat stems from point and non-point sources. Non-point
sources are generally unpredictable as they are mainly influenced by weather
conditions such as excessive rainfall (flash floods), leading to nutrient addition
through run-off water, and heavy storms, leading to excessive dust input into the
Gulf. Known point-sources of pollution into the northern Gulf of Eilat are those
from man-made activities. With respect to nitrogen (a major nutrient affecting
phytoplankton growth in the Gulf), these point sources of pollution contribute
yearly to nearly 30 tonnes of N (Table 1). For comparison, annual N addition to
the Gulf of Eilat through the Straits of Tiran amounts to some 50,000 to 125,000
tonnes. It should be noted that information is lacking on the type and quantity of
pollution into the northern Gulf from neighboring countries (Jordan and
northern Saudi Arabia).

Table 1. Actual Nitrogen and Phosphorus input into the northern Gulf of Eilat by point-
sources in 2014*

Location Nitrogen Phosphorus
(tonnes/y) (tonnes/y)
Meridian Hotel 8.87 0.45
National Water Carrier 12.34 3.34
(Mekorot)
Aguarium (Mitspeh) 3.40 0.17
Ardag hatchery 4.56 1.02
National Center of 0.70 0.12
Mariculture, IOLR
NBT —Eilat 0.0018 0.0001
Total 29.87 5.10

* Source: Dr. I. Malester, Ministry of Environmental Protection
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During the years 2003-2008, when fish cages were deployed in close vicinity to
the northern tip of the Gulf, annual fish production ranged from 2,200 to 3,100
tonnes. Based on realistic, average feed conversion and nitrogen utilization rates
by seabream and seabass cultured in these cages, it is estimated that, on average,
some 300 tonnes of N were discharged yearly into the Gulf as a result of this fish
farming activity (Table 2).

Table 2. Annual fish production in cages in the northern Gulf of Eilat in the years 2003-
2007 and corresponding nitrogen production rates*

Year Fish production Nitrogen production
(tonnes/y) (tonnes/y)
2003 2,600 286
2004 3,000 329
2005 3,100 340
2006 2,800 307
2007 2,200 241
Average 2,740 301

*Nitrogen production rates were calculated based on feed conversion ratio (FCR) of seabream
obtained in fish cages and nitrogen utilization efficiency by seabream (Lupatsch and Kissil, 1998).
FCR (kg feed required per kg fish weight gain): 2.0; Feed protein content: 44%; Nitrogen utilization
efficiency by fish: 22% of N in feed.

The northern Gulf is subject to large seasonal and inter-annual fluctuations in
nutrient concentrations in the photic zone. These fluctuations are driven by the
depth of upper water-column mixing (a function of sea surface temperature; see
Appendix #4, Prof. Gildor) and the amount of nutrients stored in the water. High
nutrient concentrations at the photic zone drive primary productivity and lead
to large increases in phytoplankton and benthic algae in the northern Gulf and
the local coral reefs (Genin et al., 1995). Deep water from the Indian Ocean does
not enter the Gulf of Eilat due to the relatively shallow depths of the Gulf at the
Straits of Tiran. The nutrients that do enter the Gulf do so in the form of both
dissolved fractions and organic matter (plankton and detritus). In turn,
biological, physical and chemical processes affect their distribution and
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concentration before reaching the northern Gulf of Eilat. Deep water in the
northern Gulf of Eilat contains most of the dissolved nutrients. During
stratification, nutrient levels are low in the photic zone due to phytoplankton
uptake and assimilation and increase rapidly in the underlying aphotic zone as a
result of phytoplankton decomposition and bacterial mineralization.

The large scale and complex nature of the Gulf's ecosystem, together with its
sensitivity to eutrophication, complicate research efforts aimed at predicting the
effect of nutrient input on the Gulf's ecosystem. Therefore, for estimating the
amount of nutrient discharge that may be tolerated, one is forced to rely on
existing data and lessons learned from past events. One such an event, cage
farming of fish in the northern Gulf of Eilat in the period from 2003 to 2007, and,
consequently, the relatively large input of additional nutrients to the Gulf, has
been a major yardstick in this report

Since 2003, Israel's national monitoring program at the Gulf of Eilat (NMP)
documents temporal and vertical variations in nutrient concentrations in the
water column as well as the state of different ecosystems, including coral reefs.
This long-term monitoring program covered the period in which fish cages were
deployed (2003-2008). The routine monitoring measurements at station A (750
m depth, approximately 10 km south of the Gulf's northern end) revealed that in
the deep waters (>500 m) the concentration of total oxidized nitrogen (TON;
nitrate + nitrite) was significantly higher and dissolved oxygen (DO) significantly
lower during the period of fish cages (2003-2007) than in the period after their
exclusion (Fig. 1). In addition, it was found that during the period of fish
farming, elevated ammonium concentrations were detected in close vicinity to
the fish cages (Fig. 2).

Every several years, when relatively cold winters are experienced, the vertical
mixing in the water column reaches >500 m in depth. Such a deep mixing
ventilates the deep water with upper, oxygen-rich waters and entrains
substantial nutrients to the upper photic layer, resulting in a strong spring
blooms (Genin et al., 1995; Genin, 2008; Lindell and Post, 1995). The bloom
causes nutrients to be transferred from the dissolved to the organic pool
(phytoplankton). This mixing-driven “reset” of the deep waters can be clearly
seen in Fig. 1 where the deep waters are ventilated (higher DO) and deprived of
nutrients (low TON) after the deep mixing winters in 2006-08 (two consecutive
cold winters), and 2011-12.
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Figure 1. Changes in TON (nitrate + nitrite) and DO (Dissolved Oxygen) in the water
column at Station A since the start of the NMP (National Monitoring Program) in 2004.
Note the remarkable increase in TON and corresponding decrease in DO in the deep
waters during the fish farming period (Source: NMP, Scientific Report, 2015)
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Figure 2. Total ammonium concentrations at three regularly monitored stations: FF is the
location of aquaculture cages, Taba is at the southern end of the Israeli coast (some 10km
away from FF) and OS is a deep water station half way between the two. It is apparent
that the monitored period is characterized by two distinct periods: until 2007 and after
2007 (Source: NMP Scientific Reports 2013, 2014, 2015).

The following two observations strongly support the conclusion that the
difference in nutrient accumulation and oxygen depletion in the years before
and after 2008 was due to the fish cages:

(1) The rates of nutrient accumulation and oxygen depletion in the deep waters
after a “reset” in cold winter become slower with the passing of years after the
exclusion of the fish cages; that is, those rates were weaker after the 2011-12
reset than after the 2006-08 reset (Fig. 1). It could be calculated that nitrogen
accumulation in the period during and shortly after removal of the cages (2008-
2010) was higher by 23% and 78% for 600 m and 700 m depth, respectively,
than in the period 2012-2014 (Figure 3).

(2) the clear gradient of increasing TON in the deep waters at depths closer to
the bottom, characterizing the nutrient profiles during the fish cages years,
gradually disappeared and even reversed after their removal (Fig. 4, upper
panel). A corresponding gradient of decreasing oxygen also disappeared (Fig. 4,
lower panel).
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Figure 3. Average annual nitrate concentrations (M) at two depths (600 and 700 m) at
station A recorded for three consecutive years after deep water mixing events in 2008 and
2012. Differences in nitrate increase between the two periods: (1) for 600 m depth: (A
2010-2008/A 2014-2012) X 100% = 123%; (2) for 700 m depth: (A 2010-2008/A 2014-2012)
X 100% = 178%. (Source: see Fig. 7).

Those observations, together with observed spatial patterns of key parameters
around the fish cages, lend to the following conceptual model on the dynamics of
nutrients released by the fish in the cages. As under natural conditions the Gulf
of Agaba is an oligotrophic ecosystem, nutrients are the key limiting factor of
phytoplankton growth. Therefore nutrients released by the fish cages were
rapidly taken up and assimilated by the “nutrient-starved” phytoplankton,
resulting in the observation that the zone of higher nutrients was limited to an
area in the order of a few hundred meters around the cages. In turn, “starved
zooplankton” rapidly consumed the now rapidly growing phytoplankton, so that
the zone of elevated phytoplankton levels was limited to an area in the order of a
kilometer around the cages. The trophic chain was likely to continue along the
pelagic food web. The key result of such a process is that the dissolved nutrients
were rapidly transferred to the “biota” (phytoplankton, zooplankton, fecal
pellets of zooplankton, and fish feces). This transformation causes the originally
dissolved inorganic nutrients to sink to the bottom in the form of particulate
organic carbon (POC), and accumulate on the deep sea floor. A gradual decay of
that biogenic matter, mostly by bottom dwelling bacteria, causes re-
mineralization of the nutrients (and corresponding depletion of oxygen)
generating the near-bottom gradients observed during the fish farms years (Fig.
4). The fact that those gradients gradually disappeared after the removal of the
fish cages indicates that the return of the ecosystem to its natural state (removal
of the accumulated nutrients) takes years and, perhaps, is still ongoing.

10
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Figure 4. Vertical profiles of TON (nitrate + nitrite) (upper panels) and DO (Dissolved
Oxygen) (lower panels) in 3 representative years during (2007), 3 years after (2010) and 8
years after the fish cages were excluded from sea. Note the gradual disappearance of the
near-bottom gradients in both parameters. (Source: NMP, Scientific Report, 2015)
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Silica concentrations provide further indication for the effect of fish farms on
phytoplankton enrichment in the Gulf. Due to silica run-off from the surrounding
sandy areas, silica levels in the Gulf are relatively high. Nutrient fluxes in the Gulf
are often associated with shift in phytoplankton composition with silicate-
containing diatoms dominating the community at elevated nutrient inputs.
During the period of cage culture, silica levels were significantly reduced in the
photic layer of the Gulf as compared to periods before and after deployment of
the cages. Based on dynamics of major nutrients in the northern Gulf of Eilat,
Lazar estimated that, while nutrient addition by fish farming only amounted to
up to 5% of the total nutrient added to the Gulf, their local effect in the northern
Gulf was significant and here they drove up to 50% of the primary productivity
during periods of stratification (see Appendix # 4, Prof. B. Lazar).

In the framework of NMP activities, live coral cover at eight reef sites along the
Israeli coast of the Gulf have been monitored (Fig. 5). Live coral cover was found
to rise steadily since 2006 with a large increase in live coral cover documented
in 2007-8. Although a rise in coral cover of the reef is clearly documented,
annual fluctuations and, in particular, the decrease in coral covers in the past
two years, attest to the system's fragility.

The NMP also documented a recovery of sea-grass and sandy habitats since the
removal of fish cages from the northern end of the Gulf. Although these habitats
are intermittently devastated by sediment discharge by flash floods, their
recovery following these events in recent years is significantly faster than the
recovery recorded in the period immediately following the removal of fish cages.

Numbers of foraminifera present in the sediment provide a further indication of
the effect of fish cages on the biota in the Gulf (Dr. Oron, NMP Annual Scientific
report, 2014). Based on a monitoring program of foraminifera at two sites in
close vicinity of the cages, it can be concluded that numbers of these organisms
significantly increased after removal of the cages (Fig. 6). During the winter of
2012-3, several flashfloods were experienced that completely covered the site
away from the fish cages (W20) with terrigenous silts and clays, but within six
months a live foraminifera community was reestablished at this site. Additional
information on NMP findings are presented in Appendix #4 (Prof. Genin and Dr.
Shaked).

Additional risks associated with discharges from fish farms are fish pathogens
reaching the Red Sea coastal environment with effluents. Studies carried out in
the Gulf of Eilat, and elsewhere, have demonstrated a transfer of fish pathogenic
bacteria and parasites between farmed and wild fish. Four agents associated
with mortalities of wild fish in the Gulf have been identified, three of which -
Mycobacterium marinum, Streptococcus iniae and Enteromyxum leei - have
unambiguously been linked with mariculture activities (Diamant et al., 2000,

12
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2004; CIESM, 2007). The appearance of previously unknown fish diseases and
infections at various localities in the world oceans is a perceived global trend
linked with human activities, including aquaculture, which has been documented
repeatedly in recent years (Pitteger et al., 2007; Mikkelsen et al., 2011; Burge et
al., 2014). An associated risk of added importance to the coastal environment is
the potential discharge of heavy metals (e.g. copper), chemicals (e.g. formalin),
therapeutants and antibiotics used in aquaculture management practices; such
effluents should be controlled and minimized in any future aquaculture
activities.
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Figure 5. Live coral coverage at eight reef sites along the Israeli coast of the northern Gulf
of Eilat (Source: NMP, Scientific Report, 2015).
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Figure 6. Number of foraminifera per gram dry sediment from July 2008 until July 2014 at
two stations. St. o: in direct vicinity of the fish cages; St. 20: 20 m west of the fish cages.
(Courtesy: Dr. S. Oron, NMP, Scientific Report, 2014)
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Chapter 4. Conclusions

The Committee members concluded that the generally oligotrophic, northern
Gulf of Eilat is a fragile ecosystem characterized by large temporal variations in
nutrient concentrations and biological standing crop. It is well accepted that
environmental disturbances do not act in isolation of one another. It is expected
that global processes such as ocean warming and acidification will act
synergistically with local disturbances such as increased nutrient concentration
to reduce corals resilience to environmental change. It is therefore imperative to
act with caution when introducing new disturbances or increasing the intensity
of an existing disturbance. From long-term monitoring efforts of the Gulf of Eilat
and the northern Gulf, in particular, it can be concluded that physical, chemical
and biological characteristics of the northern Gulf are highly variable. These
observed fluctuations make predictions as to expected fluctuations in these
parameters extremely difficult. The Committee recommends continuing an
intensive monitoring program such as carried out by Israel's National
Monitoring Program of the Gulf of Eilat (NMP) as well as initiating modeling
efforts on possible effects of nutrient addition on the northern Gulf's ecosystem.
The Committee is of the opinion that the examined episode of cage farming
(2003-2008), with its significant effect on nutrient and oxygen concentrations in
the deep waters, provide important information as to the effect of future
discharge of nutrients into the Gulf whether by aquaculture activities or by any
other anthropogenic activity. In terms of nitrogen, on average, 300 tonnes of N
were yearly added to the northern Gulf of Eilat by the fish farms (Table 2),
which is about ten times the amount of nitrogen yearly discharged by other
anthropogenic sources (Table 1). Evidence was provided by Prof. Lazar that
during the fish farming episode, nutrient release by this activity might have been
responsible for up to 50% of the new primary production in the northern part of
the Gulf. In addition, results were presented by Prof. Genin and Dr. Shaked which
indicated that coral cover of the reef, as well as other biological parameters
indicative for reef recovery, have significantly increased since the time of
removal of the fish cages. Furthermore, as Prof. Diamant reported during
meetings #2 and #3, there is a trend of decline in recent years in the incidence of
wild fish infected with pathogens commonly associated with cultured fish, as
experienced during the fish cages' episode(see also Appendix #4, Prof. Genin and
Dr. Shaked). The Committee concludes, therefore, that available information
points to discernible effects of fish cages on the northern Gulf's ecosystem. The
Committee firmly believes that amounts of effluent discharge, like those in the
episode of fish farming, exceed limits to be set for effluent discharge in the
future.

In an effort to provide guidelines for permissible discharge levels, the Committee
looked into the effect of nutrient enrichment by the fish farming activities in the
Gulf between 2003 and 2008. The average inorganic nitrogen release was

14
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calculated based on fish production levels in the fish cages during the years
2003-2008 (Table 2) and compared with ambient nitrate concentrations in the
deep water (600 and 700 m) at station A in the northern part of the Gulf during
and after operation of the fish farms (Fig. 7). As mentioned before, deep water
nitrate concentrations were chosen for this purpose since nitrogen, assimilated
by phytoplankton in the photic zone, is released as a result of phytoplankton
decomposition in these deeper, aphotic zones. In the deep water, nitrogen
mainly accumulates as nitrate. Consequently, nitrate levels in deep water are
affected by nitrogen influx from the upper water layers of the Gulf.

Yearly averages and SD of recorded TON concentrations at both depths were
calculated for the period in which fish cages were employed and the post
farming period. During the period of fish farming, TON concentrations were
higher than during the post fish farming period by 0.78 uM at 600m and by 1.26
uM at 700 m (Table 3). These differences were equivalent to 107% and 171%
(or 137% on average) of the natural inter-annual SD in the nitrate concentration
after the fish cages were removed for 600 m and 700 m depth, respectively
(Table 3). Since, the difference in anthropogenic nitrogen input between the two
periods was mainly due to fish farming, it follows that the observed increase in
TON in the deeper water layers was caused by an average annual nitrogen
release by the fish farms of 300 tonnes N (see Table 2). This amount of nitrogen
equals 137% of the natural SD.

The Committee consisting of experts with strong and long experience in biology
and ecology of natural ecosystems, considered that an anthropogenic addition of
a natural commodity (in this case nutrients) amounting to 10% of the long-term
standard deviation (SD) found under natural, non disturbed conditions, should
pose no major threat to the basic ecosystem functioning. The committee chose
the annual average concentration of TON in the deep waters (600-700 m) as the
best proxy to assess that SD and considered the post-fish farms years as
representing the natural inter-annual variation in that proxy. Since N addition
due to fish farming amounted to 137% of the natural SD (see above) it follows
that 10% of the natural SD equals 22 tonnes of TON per year (=10/137 x 300
tonnes). Inter-annual variations in anthropogenic discharges listed in Table 1
were insignificant during 2003-2014 (Dr. I. Malester, personal communication).
Note that the addition of a fixed amount per year of that commodity during the
post-farming years (in this case the discharges listed in Table 1) should only
change the average concentration, not the SD. That is, mathematically, the
calculation of standard deviation would yield exactly the same number if an
addition (or subtraction) of a fixed value occurs every year. Also note that if the
allowed anthropogenic discharges listed in Table 1 varied between years, our
estimate of the “natural” SD would be biased toward a higher value. In such case,
the amount of discharge the committee recommends for future fish farming on

15
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land (10% of the natural SD) should be lower than the one recommended. The
following, numerical, example illustrates this latter point:

[f the value we calculated for "natural SD" (0.74 uM NO3) is biased
(overestimated) because inter-annual variation in the anthropogenic discharges
contributed, say, 0.2 uM to that SD, then the true value of the "natural” SD is
0.74-0.2= 0.54 uM. Hence, our recommendation would be to allow lower
discharge, because 10% of SD=0.54 (16 tonnes N/y) is obviously less than our
present recommendation of 10% of SD=0.74 (22 tonnes N/y). In other words, if
the true natural value is 0.54 uM, the effect of the past fish cages (average
concentration increase of 1.01 uM in the deep waters) would be 187% of the
natural SD (instead of 137%).
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Figure 7. Deep water nitrate concentrations at station A at two water depths during 2003-
2014. Arrows indicate years of deep mixing events (courtesy: Dr. Y. Shaked, National
Monitoring Program)

16



Final report 12/5/2016

Table 3. Average annual nitrate concentrations (LM) at two depths (600 and 700 m) at
station A during the fish farming period (2003-2008) and during the post fish farming
period (2008-2014). The differences in nitrate concentrations are expressed as percentage

of the standard deviation of the post farming period.

Depth
During fish farms' employment (2003-2007) 600 m 700 m
Average (UM NOs) 5.419346 | 5.832378
Standard deviation 1.362862 | 1.493882

Depth
After fish farms' removal (2008-2014) 600 m 700 m
Average (LM NO3) 4.640946 | 4.575679
Standard deviation 0.756691 | 0.733642
Difference between two periods 0.7784 1.256699
Percent of post-fish standard deviation 103% 171%

The Committee provided permissible discharge levels for total nitrogen and did
not provide guidelines for other pollutants resulting from aquaculture activity
such as other nutrients, organic matter and alien factors (e.g., heavy metals,
antibiotics). Two reasons are behind the decision of the Committee to focus on
nitrogen:

1. Nitrogen is the main nutrient limiting phytoplankton growth in the Gulf
of Eilat (Al-Qutob et al., 2002; Badran et al.,, 2005) and, therefore, exerts a
strong impact on primary productivity and, hence, on the food chain in
the Gulf. For this reason and based on the assumption that the
composition of discharge water is such that the ratio between nitrogen
and other elements is within the range normally found in surface and
ground waters as well as in effluents originating from biological activities
(true for all known point pollution sources in Eilat), nitrogen was chosen
as a proxy for which discharge limits were recommended.

2. The Committee assumes that future aquaculture activities in the Eilat
region, if initiated, will be land-based and will not be conducted in sea
cages. Since present technology used in these land-based systems enables
an efficient removal of particulate matter and other contaminants but,
generally, does not provide proofed solutions for total nutrient removal,
it is expected that inorganic nutrients, including nitrogen, will be the
components that will be discharged from such facilities.

17
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Chapter 5. Recommendations

1. The total annual discharge of nitrogen into the northern Gulf of Eilat from
all Israeli anthropogenic sources, including future aquaculture activities,
should not exceed 22 tonnes.

2. As the total nitrogen discharge at present (29.87 tonnes/y; Table 1)
exceeds the above limit (22 tonnes N/y), the condition for any additional
discharge should be a corresponding lowering of the N discharge from
the present sources so that the total would not exceed 22 tonnes N/yr.
That is, for future fish farming to release 20 tonnes of N annually, the
present sources should be lowered from 29.87 to 2 tonnes/y. Note that
this recommendation refers to total nitrogen (dissolved and particulate
nitrogen) and not only to nitrate.

3. A total ban should be imposed on other pollutants such as pathogens,
invasive biological agents, chemical agents, heavy metals, and
therapeutants (e.g. antibiotics). No discharge of any of those
commodities/constituents should be allowed.

4. If fish farming is allowed under the above conditions, permission should
be granted for 5 years. During this period an intensive monitoring
program should be conducted in order to examine the effect of
aquaculture discharge on the northern Gulf's ecosystem. Extension of fish
farming activities beyond 5 years should be subject to renewed
permission.

5. The Committee recommends on a continuation of Israel's National
Monitoring Program of the Gulf of Eilat (NMP) and encourages further
modeling studies aimed at predicting the effect of nutrient loading on
physical, chemical and biological parameters in the Gulf of Eilat.

6. Any other point-sources of pollution into the Gulf should be intensively
and thoroughly monitored as even relatively small increases in nutrient
loading might have devastating effects on the fragile northern Gulf's
ecosystem. Among these sources, discharged cooling water from the
Meridian Hotel contributes significantly to the total nitrogen discharge
into the northern Gulf (nearly 9 tonnes in 2014). Here, alternative means
for air conditioning should be pursued.

18
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Prof. Hezi Gildor added the following comments to the protocol:
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Protocol #4 (9/3/2016)
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In this 4™ meeting the draft intermediate report was discussed. Prior to this discussion, Jaap
told the members that he received a request to invite Prof. Steve Brenner to a committee
meeting. Prof. Brenner's expertise on the physical oceanography of the Gulf could be of
additional help for formulating the committee's recommendations. It was decided to
contact Prof. Brenner in writing to get his opinion on some key questions related to
retention times of the northern Gulf.

A point of concern by some members (Oren, Arik, Yoni) was that too much emphasis was
placed on nitrogen and too little on other type of pollutants such as pathogens, antibiotics,
organic matter and heavy metals. Amatzia explained that because of the relatively detailed
analyses of its distribution in the Gulf as well as due to its importance in affecting algae
dynamics, nitrogen was used as a proxy for other nutrients discharged in the Gulf. Jaap
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explained that in the final recommendations an explanation was provided for why nitrogen
was chosen. New data were provided by Yoni and Amatzia which pointed to a clear effect of
fish farming on inorganic nitrogen and oxygen concentrations in the northern part of the
Gulf in the years 2003-2008. Amatzia explained the rationale behind the recommended
maximum nitrogen discharge value and explained that the recommendation to allow
discharge of nitrogen of up to 10% of the standard deviation is within the reasonable safety
limits. The committee members accepted this recommendation. Questions were raised by
some members concerned with the calculation of the total amount of nitrogen discharged
during the fish cage period. Jaap explained that the total nitrogen discharged was based on
the total biomass of fish cultured, their feed conversion coefficient (FCR), the protein
content of the feed and the nitrogen utilization efficiency of the fish. A realistic FCR of 2.0
was used (as achieved in the fish cages) while a nitrogen utilization of 22% was used. The
latter value was obtained from research on seabream by Lupatsch and Kissil (1998).* Finally,
Jaap informed the members that based on the issues raised in the present meeting he will
adjust the report and send them the revised version (Word format). He asked the members
to make the necessary corrections/adjustments in a timely manner.

It was concluded that:

1. Background information on oxygen and inorganic nitrogen changes in the Gulf up to 2015
will be expanded (Amatzia and Yoni)

2. More background information will be provided on infections of natural fish populations
with pathogens originating from cultured fish (Arik)

3. It will be recommended that the total N discharge should not exceed 22 tonnes. This
value includes nitrogen from all Israeli point sources of pollution into the Northern Gulf of
Eilat. This recommendation implies that the current N discharge (totaling 29 tonnes)
exceeds the recommended value.

4. The recommendation section should place more emphasis on discharge restrictions for
pathogens and other biological agents as well as organic matter, heavy metals, antibiotics
etc.

Finally, Hezi agreed to prepare a written request to Prof. Steve Brenner asking Prof. Brenner
for his thoughts on retention times of the northern part of the Gulf.

* In their 2004 (!!!) report the IET team of experts estimated the total nitrogen discharge
from cages at 20.10° moles N which is equal to 280 tonnes N. Using this value to calculate
10% of the SD results in 20.5 tonnes N
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The following letter (e-mail) was sent to Prof. Steve Brenner on 13/3/2016:
Dear Steve,

As | informed you some months ago, a committee was formed by the Ministry of
Environmental Protection aimed at coming up with recommendations concerned with
effluent discharge from aquaculture activities into the Gulf of Eilat. | tried to invite you
earlier to attend one of our meeting but, unfortunately, that did not work out. We (the
committee) formulated a few questions concerned with some physical characteristics of the
Gulf (see attached). Knowing your expertise in the field, | would appreciate it if you could
have a look at these questions and share with us your opinion on this matter

Thanking you in advance and kind regards,
Jaap
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Prof. Steve Brenner replied (14/3/2016):

Hi Jaap,

My answers to your questions are very approximate, back of the envelope, and | take no

responsibility if the very general, qualitative answers are misused quantitatively.

1. 1 don't think we can say for sure that the material will mix uniformly. Based on results
obtained from particle tracking for the World Bank study, we did find that particles released
from several locations along the east, north, and west coasts will traverse the northern gulf in

a matter of a few days.

2 and 3. Residence time is a concept that in principle applies to the entire gulf. To estimate
the residence time of the northern gulf, | had once run a flushing experiment in which the
entire head of the gulf (~10 km) was filled instantaneously at time zero with a tracer which
was then allowed to disperse and mix with the currents. | think this is more like your question
3 but it still gives us some insight into "residence" time for a limited section of the gulf. The e-
folding time for the entire volume (time for the average concentration to decay to 1/e, ~ 1/3 of

the initial concentration. The number if | recall correctly was around 10 days.

To really address your questions more rigorously | would run additional simulations with the
constant source for a long period (at least one year) and another flushing experiment. One
question which was never really resolved in the IET study was the exchange of nutrients
through the straits and the interaction between the horizontal dispersion and vertical mixing.
In other words to try to simulate the "reset" of the nutrients a depth that was observed during

a winter with very deep mixing.
| hope this helps.

Best regards,

Steve

Steve Brenner, Professor

Department of Geography and Environment
Bar Illan University

Ramat Gan, Israel

Phone: +972 3 5318973

Secretary: +972 3 531 8340

Fax: +972 3 7384033
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APPENDIX #3

POWERPOINT PRESENTATIONS BY
GOVERNMENTAL REPRESENTATIVES
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A coral reef refuge in the Red Sea

MAOZ FINE , HEZI GILDOR and AMATZIA GENIN (2013)
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Aquaculture basic conditions

Affected mainly by:
1) Water scarcity (= 6m3 /kg fish)
>) Environmental constrains\ awareness

3) Competition with import and other
users of land and water resources

Further development is expected in:
* RAS technologies

* limited water consumption

» Minimal environmental interaction

{low nutrient output, no birds predation, less
diseases)

] Cages in the open sea (less discascs)

Fresh water (combined
~ with irrigation) and
i "ﬁ‘_‘f‘éckish water

x‘““C}"PCage culture in the
Mediterranean Sea

T @ #Brackish water -
Desert Aquaculture

[ L e B = B

— .
! »0Ornamental fish Ao0e0
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QAR 0D —
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1000200

*® »Marine Hatchery L
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APPENDIX #4

POWERPOINT PRESENTATIONS BY
COMMITTEE MEMBERS
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oI nrasn aeeadike B
THE HEBREW UNIVERSITY OF JERUSALEM |5

" Boaz Lazar, Jonathan Erez
" 1 David (Meedar) Efrat; Dadashev. Alexander, Genin Amatzia,
2~ Haese Clivia, lluz'David, Qutop Mutaz, Yonathan Shaked, Post
35 Anton, Stambler Noga, Luz Boaz, Dubinsky Zvy, Tilzer. Max, &
| Drey-Murielle;*Jan-Baptist Cariog; RiviintAsaph, Rivlin Tanya,
8 Shem-Tov. Rachamim

DCPE (ISF), REERLUX (BSF); RSP (BMBF), RSMPP (USZAID), FAST TRACK (US-AID)
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Nitrate concentrations in the northern Gulf of Agaba. a- East-west and north-south contour
profile during 16.5.2000 (adopted from David, 2002). b- Vertical profiles measured at stations
along a north-south line on 10.8.2003 (see Fig. 1 for station location). c- Vertical profiles
measured at stations along a north-south line (FF, OS, Al, B) and east-west line (E1, W1) on
22.2.2004. Note that during the last four years (represent by the data in this figure) no nutrient
gradients were observed from the northern tip to station B1, some 20 km southward of the
North Beach along the main axis of the Gulf. This indicates homogenous horizontal
distribution within the northern gyre of the Gulf of Agaba..
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Dismantling Fish Cages

June 2006

Photo:"Noam Meshi

July 2008:

last cage out

November 2007
Photo: David Zakai
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Equals to 2% - 5% of the annual N flux through the Straits of Tiran
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Figure 21: Nitrrogen and phosphorus budgets of the fish farms for
the last decade (data provided by Dr. Yuval Cohen, IOLR). The total
emitted N and P are indicated in the graphs assuming that the
present values are equal to the 2002 values. The integrated total N
(assumed to be available for oxidation in the marine environment)
and dissolved P are indicated above the graphs. a- Nitrogen
emission rates. b- Phosphorus emission rates. ¢- The Ngpived/Niotal fish
1eed (Nitrogen emitted to nitrogen in the fish feed) and Pqpived/Protal fish
eed (Phosphate emitted to phosphate in the fish feed) ratios that are
the solid + dissolved fractions of N and P emitted into the marine
environment by the fish farms.
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The northern basin:

2000’s nutrient levels
>

1970’s nutrient levels

The mixing event of 2000

Dissolved Oxygen inventory
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160 . . .
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200 T
400 |

600 |

800 |

Increase in deep water silica
suggests
population shift to diatoms
and
Increase in N and P input
“Short Range” trap

What is the current situation?
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- ;5""‘%

Eutr;o,phlcatlon
o Phase, T,

Did it en'd?_'

Should we
return to the nutrients emission
levels
of the 2000’s?
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circulation in the G

Hezi Gildor
The Institute of Earth Sciences
_ 'he Hebrew Universit '

Akwledgents:
Dan Carlson, Eli Biton, NMP, Red-Dead project

The Gulf of Ellat/Aqaba

NE Red Sea

180 km long

5-25 km wide

Deep (max > 1800 m)
Sub-Tropical
Marginal Sea

Tiran Strait:

depth ~260 m;
width ~ 1.2 km.
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Atmospheric conditions

Net evaporation ~2 m/year.

Winds are primarily northerlies (along gulf)
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Afargan and Gildor, 2015

The circulation is driven by:

—h
.

Tides
Wind stress
Heating and cooling

Evaporation and precipitation

a &~ WM

Connection with the Red Sea
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Inverse-estuary circulation paradigm
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Finnigan and lvey, 2000

Exchange flow / Advected heat: High during spring, low during
fall-early winter.

Temperature and density profile
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Seasonality
Salinity Temperature

Dapth {m)

-----
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.
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psu 40 N
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(Northern Gulf taken from NMP, St. A)

Feb Aug

2004 2005 2005 2007

Model VS. Observation:
Temperature (St. A)

Depth (m)

feb : Mar Apr

Cumulative effects -tat
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5
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Black — observations (taken from NMP)

Biton and Gildor, 2011
Red — Model
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Model VS. Observation:
Salinity (St. A)
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Temperature at constant depths: northernmost Gulf
February-May 2008
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Sharp increase in temperature must be advection of new watermass

Biton and Gildor, 2011
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Restratification: layer over layer
South North

[1-10th Apr |

Bathymetry

200
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s ese—— NG at Tiran once a
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Biton and Gildor, 2011

Restratification: Temperature

Temperature of the Tracers during Aug at the
inflowing water northernmost Gulf

Au
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50
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Depth (m)

—150

—-200
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Red Sea inflowing water gradually reconstructs the stratification
in the surface layer with increasing temperatures.

Biton and Gildor, 2011
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Evolution of the salinity minimum

Inﬂowing water properties

o Témperature

:\ Note: Min salinity during May
u .and Max temperature during
| Sep

22 Monthly zonally,ar averaged salinity

_ Lo C - 00 NorthernGuH
JOF KM oA M o4 1 A 5 D WD

Manth E 200 :

e /

£ —200 Ann ;

Apr-Aug: Northern Red Sea jgg 00

inflowing water builds the 100}l .
salinity minimum. g jﬁg - | o] )

—400 I i

I{JO 150
Biton and Gildor, 2011

Complete annual cycle

TEMPERATURE (°C)

1 | Ll HE Ll
a9 10 11 12 01

« Cooling of surface water and formation of mixed layer in
Fall/Winter

- Restratification in Spring/Summer

« Large amplitude variability in Fall

- Episodic pulses of warm water in Spring

Carlson et al., 2014
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Internal waves in Eilat

arr 2aature O

Prusizan | 1lbin

Carlson et al., 2014

Barriers to horizontal mixing in the Gulf of Eilat

HF radar enables to observe
ocean currents at unprecedented
spatial & temporal resolutions

Flow field seems energetic and
complex.

Typical speed - 15 cm/s

Dominant tidal cycle - M2

. : Expect full mixing within a day or
Longitude e two.

Gildor et al., 2009
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Results of Lagrangial particle calculation:
Relative dispersion after 36 hours, 2-4 Feb, 2006

Local high relative
dispersion along
bright lines

Overall: very non
uniform dispersion

Latituce

25N

Gildor et al., 2009

Aerial photographs
showing the existence of
persisting barriers to

mixing

72TV TP M
ALAVADRAINGE AIHUG 1Y

Feb. 3, 2006

Gildor et al., 2009
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Aerial photographs: persisting barriers to mixing
After two days, Feb. 5, 2006

Spatial variations of the relative
dispersion and the Lyapunov
exponents seem to explain the
observed sharp front. This implies
non-uniform mixing, unlike what
most models use ...

CLAT Ma-ticle Trajscteriss Nrom LLAT Marticls Tiajectories Frem
OMA Derived Currents at 26-Aug-2006 10:40 GMT OMA Darivied Currents ab 25-Aug-2006 11:20 GMT
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= o 5 W =E 5¢ % 5 ¥ L a0

Figure 2-23 Trajectories of virtual particles calculated based on the surface currents
measured by the HF radar for few occasions during August 2006.

Gildor, Red-Dea report
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Figure 2-22 Trajectories of virtual particles calculated based on the surface currents

measured by the HF radar for few occasions during January 2006.
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Flgure 4-36 SIMulated traj4cTores (96 hr [ong) of PArtic s relsased once svery 6 hrs 2iong the

aastern [top pamnel) and westemn (botiom panel) coasts at the 3-60 m depth layer in August

2010. The black segments show the position of the paricle scurce transects.
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