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Executive Summary 

There is consensus that the water clarity and coral reefs of  Eilat are deteriorating. The widely suggested explanation for the degradation is that Eilat waters are suffering from sustained inputs of organic carbon and nutrients.  The International Expert Team (IET) was tasked to identify existing and potential sources of pollution; assess the carrying capacity of the Gulf for fish-farming; and formulate recommendations for minimization of pollution and environmental pressures. The IET considered 10 factors contributing to pollution in the Gulf: phosphate dust, sewage, fish-farms, groundwater inputs, siltation, marina activities, oil, tourist diving activities, water temperature, and port-ballast water. The IET recognizes that there have been multiple stressors on the coral reefs of Eilat over the past 25 years, and these are discussed and ranked in the report. Presently, environnmental pressures include: 1) continued inputs of nutrients from Aqaba phosphate dust, Aqaba sewage, and fish farms; 2) siltation from construction; 3) diving activities and, perhaps, 4) increased water temperature.

In the past 25 years, total nitrogen in the water of the northern Gulf appears to have doubled, but varys seasonally.  The large seasonal fluctuations are approximately equivalent to all the nitrogen input from fish-farms over the last 10 years and one-fourth of all the nitrogen input from sewage over the last 30 years; it is not clear what mechanism creates these relatively rapid changes, either  release of accumulated nutrients from sediments or intrusion of deep-water nutrients.  The IET  makes a series of recommendations that will provide the necessary data to evaluate these seasonal changes, and  the basis to determine the carrying capacity of the Gulf for fish-farming. At present, the IET believes the accumulation of nutrients is a long-term process,  and thus a risk management approach is advocated: to reduce the nitrogen loading by the fish-farms as well as by other remaining sources, and move to understanding the mechanism for sudden increases in the deep-water nutrients.  The IET describes a detailed plan to reduce nitrogen from fish-farms until further analysis of the carrying capacity of the Gulf is conducted, which includes: 1) an immediate three-step process to reduce nitrogen loading by 30% ; and 2) a gradual shift to rearing of juvenile fish on land (up to 50 g).  The IET also recommends construction of a large artificial reef, to reduce tourist and diver impacts on natural reefs, to absorb the local impacts of  carbon and nitrogen loading from the fish- farms and to provide a site for long-term monitoring and experimentation.  

There are  24 specific resolutions for action in the report: 13 to be implemented in the next 6 months and 11 to be implemented over the next 2 years. Of the 13, 6-month items: 5 are to manage science (#1-5); 3 are to analyze existing data (#6,7,12) and 4 are to collect new scientific data (#8-11), and 1 calls for marine engineering (#13). Of the 11 items to be implemented over the next 2 years: 2 are in marine engineering (#14,15),  5 are to manage science (#16,17,18,19, 22); and 4 are in social  management (#20, 21, 23, 24). 

The IET recommends that the resolutions must be considered - and funded - as a whole package to advance the understanding of pollution in the Gulf. 

Statement of the Problem

There is universal agreement that the water clarity and coral reefs of  Israeli territorial waters in the Gulf of Eilat are deteriorating.  The Israeli coral reefs apparently suffer from lost diversity (50%), decrease in coral cover (50%), low rates of coral-larval settlement and recruitment, decreased rates of coral reef calcification, recent coral mortality, and increasingly intense macro-algal blooms during spring. The widely suggested explanation for these changes is that Eilat waters are suffering from sustained inputs of organic carbon and nutrients. Loading of organic carbon and nutrients alter the amounts, kinds  and size of the planktonic organisms, as well as the concentrations of basic plant nutrients (nitrogen and phosphate compounds). These factors change the environment of the coral reefs.  

There are numerous sources of pollution that add to the overall organic and nutrient loading to the Gulf, all of which need to be evaluated to elucidate the impact of individual industries.  These sources include sewage inputs, waste outputs from the Marinas, nutrient release from the loading procedures for bulk carriers in the harbors, and from fish-farming.  

Fish-farms add nutrients to the water through the fish-feed, hence there is an issue regarding the continued presence of the fish-farms,  while other industries have made efforts to reduce nutrient inputs to the Gulf. The International Expert Team (IET) was charged with the following tasks (See Appendix A for Terms of Agreement).

Tasks

A. Identification of existing and potential sources of pollution and their relative contribution to the overall organic and nutrient load.

B. Identification of other environmental pressures that may affect the ecosystem

C.  Assessment of the carrying capactity of the Gulf, in particular with regard to the fish- farms.

D. Formulation of recommendations for minimization and control of pollution and environmental pressures.

This work is entirely based on the literature provided and any information that was gathered during the vist to Israel by the IET.

General Remarks

The IET notes  that all parties have a  pervasive interest in preserving the Gulf of Aqaba, while recognizing the propriety of this shared  eco​system.  The IET believes  that, based on the present state of knowledge,  the effects observed in the Gulf are of a longer term nature and any action taken will not result in a rapid recovery of corals. 

Overall Recommendation

The IET recommends that further efforts are made to reduce the input of nutrients by all industries while an immediate reduction of nitrogen inputs by the fish-farms is undertaken as a precautionary measure, with some long-term schedule of reductions. This risk management approach is contingent on the further analysis of existing data and results of  further research efforts that lead to an improved capability for a comprehensive assessment of the carrying capacity. This document proposes a set of Resolutions for Action, to be actuated by an executive committee. These resolutions must be considered as a whole to advance the understanding of pollution in the Gulf, and to move forward with remedial actions.

Factors Contributing to Pollution

Ten factors contributing to pollution of the Gulf are discussed below, phosphate ore, sewage, fish-farms, groundwater, siltation, marina, oil, diving, sea-surface temperature, and ballast water.  Recommendations are made in the body of this text and also listed separately in the Resolutions for Action section.

1. Phosphate Dust:
Eilat

Port of Eilat exports 0.25 x 106 ton/yr of phosphate ore and 1.2 x 106 ton/yr potash KCl. The phosphate ore is comprised of francolite Ca10(PO4)6F2 and hydroxylapatite Ca10(PO4)6OH2 ; the phosphate content of the ore ranges 32-35% by weight of elemental P giving a general formula of (CaHP2O5). Phosphate dust has been considered a major source of nutrient loading to the Gulf. Engineering improvements in the last 3-4 years to limit the airborne dust include: enclosing the ore stock-pile in warehouses, unloading ore into enclosed warehouses, paving Port roads with asphalt, vacuuming phosphate dust from the roads with vacuum-machines on trucks,  re-circulating and filtering the air in the storage warehouse, sampling the dust plume for P, and developing a computerized dust model to estimate actual phosphate deposition from dust plumes. There are still several improvements planned,  which include enclosing the loading carriage and  installing a  loading-shute with a better drop angle . 

Phosphate ore  is loaded 1/6 of  the 180 loading-days or 30 days/yr. The amount of P in airborne dust from this loading is 60 kg P /d giving 1,800 kg P/yr. These estimates are based on direct sampling of the dust and results of a plume distriibution computer model.  Based on the downwind plume characteristics, less than half of the phosphate actually goes in the water or about 0.03 x 106 mol P/yr (Appendix B 1.1). The ratio of P input from dust production to total ore loaded is 0.12 mol P / ton of ore. It is difficult to determine how much phosphate dust in the past has been deposited, but it is certainly muc greater. 

Aqaba

Port of Aqaba exports 3-6 x106 tons of phosphate ore (CaHP2O5), at least 10 times more than Eilat, with little environmental protection.  (The IET notes that this statement is secondary information from Israel sources; the amount of exported phosphate ore and the nature of enviornmental protection should be verified  by Jordanian experts.). The stock-piles are open and dust transport is easily observed from these piles.  Assuming  5 x106 tons of phosphate ore are shipped and 0.01 % of the phosphate ore is lost as dust (1-2 mm off the pile per day), this is about 500 tons of phosphate ore or about  165,000 kg P/yr (33% P by weight) or about 100 times more than Port of Eilat (165,000 kg P/yr vs 1,800 kg P/yr). If we assume half the dust goes into the Gulf, then the dust represents 2.7 x106 mol P /yr for Aqaba.  Another estimate of the Aqaba P input from dust is based on Eilat measurements. The ratio of  P exported to the Gulf as dust  to total ore shipped is 0.12 mol P / ton of ore; taking this value gives 0.6 x106 mol P /yr for Aqaba; this would be a minimum value. Thus we have a range of estimates from 2.7 x106 mol P/yr representing open piles with little or no environmental protection and 0.6 x106 mol P/yr representing environmental  protection similar to Eilat.  In  1994, the Ports Corporation installed chalk feeders at the phosphate-loading berth that reduced the phosphate dust emission by more than 90% (ASEZA letter).  The low estimate of 0.6x106 mol /yr figure (based on the Eilat dust model) is 22% of the high value. 

     To make an estimate of the total P input from dust for the last 35 years we take the high value for Aqaba before 1994 (2.7 x106 mol /yr) and the low value after 1994 (0.6 x 106 ).  Similarly, for Eilat we use the same ratio between high and low values for to determine the amount of dust prior to environmental protection. A cumulative estimate is 86 x106 mol P (Appendix B1.3). These values should be adjust for varying ore production through the period, but they give some idea to the order or magnitude of the amouhnt of dust input to the system.

    While these sources of phosphate have been implicated as a source of pollution in the scientific literature, it is not evident what happens to this nutrient. This phosphate ore  will dissolve very little in  seawater and rates of dissolution in the Gulf sediments are not available. These phosphate minerals can be remineralized through dissolution in low pH sediments or through the ingestion and excretion by benthic fauna.  It is well know that many marine systems that have excess phosphate, fix nitrogen by nitrogen fixing blue-greens. If this phosphate becomes available through dissolution in the sediments, then it is possible that some of this phosphate  has either stimulated nitrogen fixation, or more probably, enabled any fixed-nitrogen to be retained in the food chain, stimulating an increase in organic matter cycling within the northern Gulf. Even at conservative, or modest, nitrogen fixation rates of  0.1 mmol N /m2/d (Capone and Carpenter, 1999) nitrogen can accumulate within organic material given this excess phosphate. Since1965 an estimate for 100 km2 of the northern Gulf is 130 -1300 x 106 mol N ( Appendix B 1.2). The IET emphasises that the fate of this airborne phosphate is completely unknown, but could be a  large source of both phosphate and nitrogen to the northern Gulf. See later discussion. To determine whether any of this phosphate has enhanced P release from sediments the following recommendation is made.

The IET recommends sampling the sediments over the northern 10 km of the Gulf for total P/g sediment, desorbed P/ g sediment and Ca/P ratio in sediments and compare with literature values for typical hypersaline embayments. If P loading is indeed significant, we should observe elevated values and a decreasing gradient southward. This work will also give some idea of the load of the sediments has experienced and some idea of how fast it moves out into the water. 

2. Sewage input:
Sewage is no longer routinely discharged into the Gulf by the city of Eilat or the city of Aqaba.  Nutrient input from sewage was estimated by multiplying the population of the cities by published per person N and P production (WHO 1982, Rusten and Storhaug 1991, Bahre et al. 1990, see Appendix B, 2.0). This estimate was also compared to an estimate of the sewage produced in 1989 by ponds with some  measurements of concentrations of the discharge (Marine and Coastal Environment Division). The present inputs of nitrogen by sewage are minimal, 0.5 x 106 mol N/yr . The input of N from Aqaba  is based on leakage through groundwater and the input from Eilat are from sewge overflows (Appendix B, 2.5-2.7) The cumulative inputs for the last three decades sum to 370 x 106 mol N and about 50 mol P.   These inputs will be considered in the discussion of the fish-farms.

3. Fish Farms:
There are three main issues with the fish-farms: 1) near-field or local carbon and nutrient loading, 2) far-field carbon and nutrient loading, and 3) possible disease. 

Near-field

The near-field carbon and nutrient loading is extremely high for a marine ecosystem, resulting in a predictable response, with sediment remineralization of organic material maximizing at 0.4-2.5 mol C/m2/d and resulting in development of anoxic sediment conditions directly underneath the cage area, and an export of particulate carbon and nutrients. This is well described in a number of reports, the most recent and comprehensive being Angel et al. (1998).

 Nutrients released by the fish-farms will be advected and mixed to background concentrations before significant amounts are removed or taken-up by benthic communities. Nutrient-uptake into benthic communities is fundamentally limited by friction or drag imposed by the organisms themselves (Baird and Atkinson 1997; the ratio of nutrient uptake rates per area  to the advective flux of nutrients is roughly 10-3 to10-4). This limit sets the scale of impact to the immediate vicinity of the fish cages. Both N and P will dilute to relatively low concentrations within several days (IOLR report, Brenner model). Arguements were presented that this relatively rapid dilution must imply that fish- cages have little impact on the nutrient budget of the northern Gulf (IOLR presentation). It was also noted that this near-field effect must not be damaging to coral reefs because some 450 colonies of corals representing 22 different genera have settled near the cages (IOLR data and video from fish farmers; Appenidix B 3.1).  There have also been no loss of fish species near the cages (IOLR report).  These facts appear to contradict other arguements that nutrient input is deleterious to coral reefs.

The IET considers the local carbon loading from the fish-food to be a reversible impact, well within normal functioning of marine ecosystems. However the aerobic consumption of the excess carbon falling to the bottom could be improved  by providing 1-m of topographical relief on the bottom near the cages. This will provide habitat and better oxygen flux to the benthos, supporting more fully the respiration of the organic matter. Natural high-benthic relief ecosystems  have maximum carbon consumption near 2 mol C/ m2/ d.

Far-field

Most of the contention regarding the nutrient input from the fish-farms is focused on the far-field effects of nutrient loading.  The reasoning is that phytoplankton, which can double every 1-2 days, will capture and concentrate the nutrients, particularly nitrogen, released from the fish cages. The phytoplankton contain approximately 0.5 -1.0 mmol N/m3 (using N:Chlorophyll ratios of 3 mmol N/ m3: 1 ug chl/l from J. Erez),  which is more than the dissolved N in the surface water during summer months. These phytoplankton can thus increase in biomass within the northern Gulf waters. There are three effects of increasing phytoplankton biomass and production: 1) the increases in biomass affect reef metabolism, 2) the increases in phytoplankton may affect phytoplankton types and size, also affecting reef communities, and 3) the phytoplankton are a concentrating mechanism for nutrients in the northern Gulf, contributing to an increasing spring input of nutrients.  Increasing phytoplankton also reduce water clarity and turn the water greenish, instead of the more appealing, turquoise blue.

Data on uptake of phytoplankton (chlorophyll changes, B. Lazar) are consistent with known uptake rates ( Appendix B 3.6) and would indicate increased nitrogen loading to reefs. The effects of changing phytoplankton size are not known, but generally with more nutrients, phytoplankton get larger, and the organisms that feed on very small particles are affected. The third effect, and the one of most concern, is related to the accumulation of nutrients. Phytoplankton are grazed upon by zooplankton, usually small crustacea swimming freely in the water column. Zooplankton concentrate their wastes and package them in rapidily sinking little bundles called fecal pellets, which sink  through the water column within 1-3 days, filling the sediments with reserves of nutrients, to be regenerated back to the water column. The idea presented is that at least 25% of the nitrogen from the cages is lost to the deeper water and is remineralized to be re-mixed into the upper water during spring (J. Erez and B. Lazar). The mechanism could concentrate nutrients leading to what the "Scientists Document" affectionately names the "time bomb." The time to take up nitrogen, and sink it to the benthos would take several days to 2 weeks, depending on the relative phytoplankton growth and grazing rates. What becomes crucial to this reasoning is the behavior of dissolved and particulate material in the surface gyre. Water and particles may be retained within the northern gyre, concentrating nutrients in the deeper water and sediments for release later. This retention time is unknown, but preliminary estimates of the net southward drift of the water (1-2 km/d) would suggest a several week time scale, well within the time to accumulate these nutrients. On the other hand, surface currents are fast enough to go 10-15 km/day, rapidily carrying materials outward into the deeper regions of the Gulf. The crucial piece of infomation is how much the very most northern gyre mixes water further into the Gulf. 

Data exist to analyze the "time-bomb" hypothesis, but have not been synthesized (J. Erez).  In 1974 the total N in the water column (vertically summed or integrated) is 1.0 mol N/m2 increasing significantly  to 1.4 in 1989-90, 1.7 in 1990-1991 and 2.2 in 1999-2000. There is a steady upward trend, doubling in 25 years, but with some very  large seasonal changes (Fig 1). The seasonal changes in the total N in the water column, varies  1 mole N/m2, almost the same amount as the increase over the past 25 years.  Note that the rapid increase in water column N occurs in late summer,  over  a one-month period.  Increases of 0.5 mol N/m2 over 30 days is about 15 mmol N /m2 /d release rate, corresponding to a primary production of about 100 mmol C/m2/d (1 g C/ m2/d) consistent with the upper values for carbon production in this water. What is unusual is that the increase is relatively sudden, over 1-2 months, suggesting that if  remineralization of organic material occurs, it happens over a discrete summer period. There are no ammonia nor nitrite in deeper water (J. Erez) indicating organic remineralization likely occurs in the sediments, not in the deeper water.  This nitrogen remineralization rate should be easily measureable to verify this mechanism.  It is not known how large of an area this elevation of N in the deep water occurs, but it must be at least  50-100 km2, representing 100 x 106 mol N. 

     There are several caveats to this data set. The values from 1974 were taken from Figures, while several high outliers are reported in a Table (Reiss and Hottinger, 1984); large seasonal changes in the water column may have been ignored in the original data set. Secondly, the 89-90 data set had few values below 500 m; in the present calculations, the values for the deep stations of 600-700 m  were assumed to be the same as values for  400-500 m data. If higher values occurred in the deepest water, the 89-90 data would be about the same as the 99-00 data, suggesting there has been little change in the water column dynamics over the past decade. These data need careful consideration by a team of scientists.
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Fig 1: Total N per m2  of water column at Station A (J. Erez). Total N includes nitrate and particulate N. The particulate N was calculated using a N: chl ratio of 3 mmol/m3 : 1 µg chl /l (J. Erez). Ammonia and nitrite are only a couple of percent and within the error of the integration. The dissolved organic nitrogen values were reported to be low as well, but no data confirm this. The N was summed or integrated to 700 m. Data from 1974-1975 are from the Figures in Reiss and Hottinger 1984, and the 1989-90 and 1999-2000 are from J. Erez. The 1989-90 data were only down to about 500 m, in which the same values for 500 m were used for the deeper values, 600 -700 m. It is not unusal in the1999-2000 data that values at 600 m and 700 m were 20-30% higher than the 500 m values, meaning the 1989-1990 values could be just as high as the 1999-2000 integrated values. These  data sets need thorough analysis and critique.

Fish-farming at present releases 18 x 106 mol N/yr and is the largest input of N and P to the northern Gulf. Table 1 is a summary of the year 2000 inputs and serves to put this number in context of other anthropogenic sources of nutrients.

Table 1:  Estimates of N and P for the year 2000. P in phosphate dust is based on a direct measurement of P in dust from Eilat and a direct scaling to  Aqaba (see discussion above); it is a minimum estimate based on protective measures.  Sewage is based on spills from Eilat (0.3 x 106 mol N) and leakage from the oxidation ponds of Aqaba (0.4 mol N). Fish-farms is reported as N not directly incorporated into fish biomass.

Sources                                                 N                                     P

                                                         (106 mol)                       (106 mol) 

Phosphate Dust  (Eilat &Aqaba)                                               0.63  

Sewage(Eilat&Aqaba)                         0.43                               0.04

Fish-Farms                                          18                                   2                                                                 

These inputs of nutrients are not sufficient to explain the large increase in nutrients between September and December 1999 and then decrease in nutrients from January to April (Fig. 1).  These changes  in 3 months represent about 100 x106 mol N, 5 times the annual input of  nutrient from fish-farming and other sources. Clearly these yearly inputs can not explain the large changes in the water column.

     To put the fish-farming N  number in context of the reefs, the total area of reef in the northern Gulf is about 3 km2 (Israel is  0.5 km2 and Jordon is 2.5 km2). The total amount of N in organisms on these reefs is about 6 x  106 mol N (assuming 2 mol N/m2) and the natural turnover of N is about  11 x 106 mol N/yr (assuming 0.01 mol N/m2/d). Clearly the total N delivered by the fish-farms is too much for the reef to absorb naturally. 

To explain the large changes in the water column, it is possible that the total inputs anthropogenic sources have increased organic material cycling in the northern gulf.  The  total amount of N released by the fish-farms over the last 10 years is 120 x 106 mol N.  To put this cumulative number in context, Table 2 below is a summary of the N delivered by other sources.

Table 2: Cumulative N and P for all major sources of nutrients to the gulf. The N for phosphate ore is the amount of  N created by nitrogen fixation and incorporated into the food chain with excess phosphate from the phosphate dust. The lower value of N is from published latitudinal N- fixation rates, the upper value is a guess, based on knowledge that 40% of the nitrate at 80 m in the Arabian Sea is from local N-fixation (Brandes et al. 1998). The N:P ratio of the match between nitrogen fixation and P dust varies from 1.6 to 15 for the higher values, indicating there is sufficient P available to get the newly formed N into the food-chain. The N for sewage is based on population and comparisons with Eilat measurements (Appendix B: 2.0). The fish farm N is from direct knowledge of fish-food inputs (Appendix B: 3.0). The N for sewage overflow is from direct measurements of the volume of sewage leaked into the Gulf.

Sources                               Cumulative N                        Cumulative P

                                             (106 mol N)                            (106 mol P)

Phosphate Dust  1965-2000       130-1300                                86

Sewage   1970-2000                     365                                       37                                  

Fish Cages 1991-2000                  120                                       10      

Sewage overflow 1995-2001         0.4                                    0.08

The increase of 1 mole N/m2 over the entire 100 km2 area  shown in Fig. 1 is 1 x 108 mol N, the total amount of N released by the fish-cages in 10 years, and about one-fourth the total amount of sewage released over the last 30 years.  The amount of N retained in the system from nitrogen fixation, due to the presence of phosphate, is only a guess and should  be considered here that it could be large compared to other sources. Clearly there needs to some verification of the release of nutrients from the deeper sediments.

Another mechanism to account for the sudden rise of nitrogen in the water column in late summer  is the intrusion of Red Sea water. Red Sea water intrudes into the northern Gulf at 0.5 m per day or roughly 15 m/month (Wolf-Vecht et al. 1992; based on temperature and salinity profiles at  Station A). The nutrient concentration of this water would have to be 66 mmol N/ m3, a very high and unreasonable number, to account for the nutrient input of 1 mol N/m2 (Appendix B,3.5). On the other hand this amount of water is only 1% of the thermohaline flow from the Straits of Tiran.  It is more likely that the mechanism accounting for the intrusion of the Red Sea water also brings up, or mixes up, some of the deeper water from the northern Gulf.  The rise in deep water nutrients should be readily measurable at station A and Station B (J. Erez, B. Lazar; Reiss and Hottinger, 1984) .  Data from the 1999 Meteor expedition (J. Erez) shows a high nitrogen (4-5 mmol/m2) intrusion at intermediate depths. There needs to be further analyses of these data. A combined study of measuring N release rates from the sediments and measuring deep water nutrients will differentiate whether the source of nutrients is from retention of sewage and fish-farm nutrients, or whether the source is from deep water intrusions. 

It is evident that the major increases in nitrogen in the water column occurs during late summer (Fig 1, 1999-2000). If the increase in nitrogen of the deep water is the result of nitrogen loading from Eilat, it is evident that it represents nearly a 10 year accumulation of nutrients, and continued reduction in nutrient loading is necessary. If, on the other hand, this increase is due to some entrainment of the larger deep water nutrient pool, an estimate of carrying capacity can be made by knowing the rates of surface washout (note the decrease in nitrogen after the spring overturn in 1999). The IET has a number of recommendations to distinguish these two mechanisms. A comment; the IET discussed using isotopic signature of 15N of the nitrate and particulate material to differentiate N from N-fixation, N from fish-food and N from sewage ( see review of Karl et al. 2001). The IET believes the interpretation of these data may be difficult because there are multiple sources that would take the +5 o/oo of oceanic nitrate to lower values, including both nitrogen fixation and terrrestrial nitrogen. Although, after the preliminary work recommended, this may be a valuable approach. We postulate that the 15N nitrate should become lighter in the northern end of the Gulf, if N-fixation or sewage N are significant. We don't know the signature of fish food.

The IET recognizes that the time-bomb hypothesis is a very important issue to address, and thus recommends a risk managment approach (see later discussion) while some immediate investigations are conducted.

The IET recommends running the Princeton Ocean Circulation Model at finer spatial resolution  to achieve better prediction of  the speeds and oscillation in the northern gyre of the Gulf of Eilat (S. Brenner, IOLR).

The IET recommends full analysis of the existing oceanographic data sets for vertically integrated nutrients, both nitrogen and phosphate, to clarify the magnitude of the issue. Our preliminary analyses suggested much larger nutrient pools than the last two years of fish food. No analysis of the existing phosphate data have been accomplished . These data sets include, the original Reiss 1974, 1984-1889, Meteor 1999, RSMPP-1999-2001 (J. Erez and B. Lazar).

The IET recommends collecting sediment in a transect and directly measuring the release of nitrogen and phosphate from Eilat to Station A.

The IET recommends measurement of the deep water nutrients at Station A and Station B, particularly during late summer and spring to observe the variability in the water column and any increases or decreases in the total nutrient loading to the northern Gulf (RSMPP project). We believe this is the most important parameters  to measure for understanding the carrying capacity of the Gulf water.  If this mechanism is involved in determining the average nutrient concentration in the water column, then we must know the extent of this deep water. 

The IET  recommends expanding the Underwater Observatory Marine Park's restocking efforts to include sites near the fish-cages. 

The IET recommends that the study of coral recruitment (RSMPP - N. Furman) to include sites near the fish cages, with cooperation from the fish-farms.

Disease 

Disease can become an over-riding problem. Common efforts focus on prophylactic management measures rather than treatment.   In aquaculture worldwide, both of the following scenarios are observed: (a) transmission of diseases from farmed fish to wild fish, and (b) transmission of disease and parasite agents from wild fish to farmed fish. The latter transfer route is the more common one, as clearly documented in the literature (Diamant and Paperna, 1995, McVicar, 1997, Kent, 1994). 

At present, the fish-farms report no disease problems over the past years with no use of antimicrobial agents in the feed. 

One of the diseases possibly introduced (at least first recognized in farmed fish in Eilat) is the agent of Mycobacteriosis`sp.  The disease was first recorded in the farmed sea bass Dicentrarchus labrax from the Red Sea in 1990  and was absent from records of studies on parasites and diseases of wild rabbitfish carried out in the 1970s and 1980s.  This does not necessarily mean, however, that this disease has not been present in the Gulf at earlier dates; disease detection depends on the prevelance and the number of fish being tested. The disease agent has been identified by Knibb et al (1993) as Mycobacterium marinum by molecular comparison, using PCR and direct sequencing of ribosomal encoding DNA (16S rDNA) analysis of approximately 600 base pairs. The same pathogen was later found in 16 different species of captive marine fish, with all isolates identified as belonging to a single strain of M. marinum (Colorni et al 1996, cited in Diamant et al, 2000). Diamant et al (2000) also state that at the same time Mycobacterium isolates from cultured D. labrax in Greece, Belgium and Denmark were identified as different strains of M. marinum, suggesting that however “ubiquitous” this bacterium seems to be, endemic strains occur in different geographic localities. It may therefore well be that this particular strain has already been in the Gulf for a long time.

The study by Diamant et al (2000) over a three year period (1994-1997) clearly indicate that there is higher prevalence of the pathogen in fish near the farm than fish far away from the farm, and particularly, rabbitfish seem to be most susceptible to the disease. It has also been shown that the prevalence increases with size (age) of the rabbit fish. While Mycobacteriosis has in the past affected farmed fish under crowded conditions, no information is available whether the level of infestation does have an effect on the population level in wild fish. Studies on this aspect are urgently needed. 

One concern of potential mode of spreading the disease (if high level of infestations occur at the farm sites again) is a massive escape of fish from the farm. 

Recognizing the risks associated with large numbers of escapees from the farms, through vandalism by divers and boaters, the IET strongly recommends that motion- control systems are installed and used by the fish farms to detect and prevent any attempts of vandalism. 

The IET further recommends that no foreign species be introduced into the cages to prevent fish com​munity alterations to the Gulf. If introductions for common commercial practice are sought, the internationally agreed procedure as outlined in the ICES Code of Practice (International Council for the Exploration of the Sea) and the accompanying guidelines and protocols should be employed and strictly adhered to. 

With regard to parasitic infestations, the fish farms seem to have quite different implications. Apparently the ratio of heteroxenious to monoxenious parasites are lowest at the fish farms, but highest at the coral reefs, indicating that, at fish farms, the number of intermediate hosts from which heteroxenious parasites are transferred are less abundant and therefore the “parasitic load” for heteroxenics are reduced (Diamant, et al, 1999). Whether there is an ecological and physiological advantage of such a changed ratio is yet unknown.

The IET wishes to draw attention to a broader picture of disease in the marine environment that needs consideration in the long-term. In a recent publication, Harvell et al (1999) considered emerging marine diseases in relation to climate change and interacting anthropogenic factors. Recent mass ´mortalities in the oceans due to disease outbreaks have clearly shown that changes in environmental conditions may promote the frequency of such events for numerous taxa. For closely monitored groups such as corals and marine mammals, reports of the frequency of epidemics and the number of new diseases in the wild have increased. It is suggested that climate-mediated environmental changes (such as the El-Niño in 1997/1998) may also affect physiological performance and thereby compromise host resistance and increase frequency of opportunistic diseases. There are also indications that land-born pathogens (mainly sewage relate) can affect marine environments and their taxa. This long-term susceptibility change should be recognized when dealing with various transmission vectors such as ballast water from shipping or introduction of new species for aquaculture. In both cases restrictive rules to minimize transmission are necessary.

4. Groundwater:
We did not get any information on  groundwater flows.. 

5. Siltation:
Siltation of the coral reefs occurs from resuspension of inorganic and organic sediments in the nearshore region by currents. Coral species have varying abilities to shed  particles of different size and minerology. There appears to be no studies on the relative amounts of organic and inorganic material contributing to the reduced water clarity in the Gulf of Eilat. It was widely reported that water clarity decreases dramatically during windy periods,  yet it is not known whether the resuspended material in the nearshore regions by coral reefs is primarily organic; that is detritus from excessive nutrient loading, or whether the resuspended material is actually fine sediments, perhaps from winnowing of the beach material and other construction materials. If the resuspended material is organic, then efforts at reducing nutrient input are necessary; if however the resuspended material is primarily fine inorganic sediments, then beach erosion and monitoring "sand" replacement on beaches is mandatory. There were widely varying opinions as to the extent of siltation on coral reefs of Eilat. Also video footage brought forward to the IET showed many sites with high sedimentation.

IET recommends evaluating the organic versus inorganic material in resuspended sediments near coral reefs. 
6. Marina:
The marina is 4 m deep with a 0.8 m tide range. The marina harbors about 450 boats on the inside of the bridge and about 30 commercial boats on the outside, with an estimate of 25 boats containing around 2000-3000 people per day during holiday periods. Thirty people actually live on boats in the harbor. Wastes are  presently pumped directly into the Gulf, but there are plans for land-based pump-out stations on the pier. There exist some seepage from hotels into the lagoons, which contain suds, and 8 storm drains delivering  runoff from balconies and walkways. The direct nutrient input into the Gulf is about 0.1 x 106 mol N/d , less than 1% of the sewage from Eilat or the fish farms (Appendix B: 6.1). Nevertheless, nutrient and organic loading of the marina can have a large local effect on the quality of the marina water,  alter sediments and create another source of nutrients to the Gulf. 

The IET recommends proceeding with the planned, on-shore waste- pumping system; making it operational  within six months.

7. Oil: 

The oil spills have been managed very well, with no major spills reported over the past few years. However, there have been major spills in the past with immediate impact to the nearby reefs. It is difficult to evaluate the long term effects of the oil spills reported by Y. Loya in the scientific literature. The present monitoring and prevention strategies (including emergency plans) is impressive and certainly helpful to minimize risks associated with accidental spills that might occur. The IET appreciated the significant  efforts in monitoring oil-terminal activities and maintaining emergency standby control measures. 

8. Diving: 

There were differing view-points on the extent of diver damage, some reported moderate, others severe.  There were also differing views as to the extent of damage in Sinai versus Eilat. All people interviewed, however, recognized a decrease in diver damage from improved training programs and diver education. Estimates based on number of dive courses and number of attendants are 300,000 dives per year with an expectation that the number will increase by 10% a year, based on dive club reports. Apparently 50% are introductory divers, making diving a possible huge impact to corals. Direct collecting of organisms was common 10 years ago but is now managed through diver awareness and education efforts, although there is no guarantee that free-lance divers (apparently not accounted for in the above estimates) still violate these voluntary rules.

The IET recommends construction of limestone based artificial reefs  near north beach with managed diving activity. This artificial reef will take some pressure off the reef in the Nature Reserve plus other dive sites. It is appropriate to consider management techniques to  encourage coral recruitment and settlement as well as feeding reef fishes.  

The IET recommends continued and increased efforts by the diving association, diving clubs and the respective authorities to reduce coral damage and uncontrolled collecting of organisms. 

The IET considered briefly the rapid expansion of the tourist industry over the past few years, and recommends that serious consideration are given by the policy makers and planners of the municipality of Elate on setting reasonable limits to the expansion.

9. Water Temperature Increases:
There were many comments that the Jordan reefs were in better condition than the Israeli reefs.  Temperature can be 1 oC less on the Jordan side than on the Israel side (J. Erez). The warming event of 1998-1999 did not create strong bleaching in Eilat but the high temperatures could have affected the zooxanthellae host tissue balance.  Zooxanthellae,  microscopic plants within coral tissue, become sensitive to chemically reactive oxygen species, produced during photosynthesis. When activity of the reactive oxygen species increases, there is a "wasting" and sloughing of zooxanthellae cells, with eventual rejection from the coral tissue. The mechanism is sensitive to temperature and believed to be the primary agent in world-wide bleaching.  The "sick" corals of Eilat have small white spots and thinning tissue suggestive of this mechanism.   D.Tchernov and A.Kaplan have researched this mechanism with corals from Eilat.

IET believes one person at IOLR should collect all temperature data for the gulf, intercalibrate and present for increasing temperature trends. This mechanism should also be studied in Eilat particularly with respect to increasing nutrient concentrations. Nutrients affect the density of zooxanthellae and may influence this mechanism. 

IET recommends that IUI should consider hiring a permanent scientist who can study this mechanism in Eilat corals.
10. Port Ballast Water: 
The release of ballast water does occur in harbor operation, but has greatly decreased, particularly because the oil terminal is less busy now than years ago. At present, there is a request that ships entering the Gulf must exchange their ballast water outside the Gulf. It is believed that most of the fauna and flora contained in ballast tanks and originating from far-field areas, are exchanged and do no longer provide an inocculum in the receiving habitat (e.g. the inner Gulf). This is in accordance with the IMO Guidelines on ballast water management. However, these guidlines are taken as a first step “until better knowledge becomes available” and other technologies to minimize risk of transfers have evolved.

It is now clear that open-ocean exchange of the ballast water in all ship types does not provide a complete exchange, unless these water exchanges are repeated at least three times. Often, distances to the next port of call are too short to allow repeat water exchanges. Further, adverse weather conditions impede open-ocean exchanges. Additionally, recent findings clearly indicate that ballast water exchange may not necessarily reduce the number of taxa, but actually increase the diversity in species; There are plenty of hiding places (buffles) within these tanks. Also, a partial water exchange may provide replenishment of the otherwise depleted oxygen level, thereby improving survival potential of the remaining live specimens. Successful transmission of bacteria, phytoplankton species (including those producing toxins), zooplankton and many  species of various trophic levels (including fish and fish larvae) have been documented by international projects and show that successful transfers occur at an increasing rate due to modern ship design and operational procedures.

There is substantial shipping activity in the Gulf and although the exact volume of ballast water release is unknown, present day knowledge clearly indicate that the risk of introducing foreign species is high. In particular the container traffic with fast ships, short voyages, cleaner tanks and frequent exchanges provide ideal habitats with excellent survival conditions for exotic species. Because of the sensitivity of the coral reef area there is a need to consider other preventive measures additional to ballast exchange– in particular for those container ships having there last port of call in the Mediterranean. The IET has formulated a specific recommendation on the subject in the respective chapter (see below).

Integrated View 

The IET recognizes that there have been multiple stressors on the coral reefs of Eilat. 

Two to three decades ago, direct damage and collecting by tourists probably was a major factor in the loss of diversity. Impacts from oil spills also had major impacts to the entire reef ecosystem, affecting reproduction of a variety of groups. The continued inputs of sewage, not only add nutrient, but increase rates of transmission of disease from land to marine systems (this factor has not been studied in Eilat). Inputs of nutrients appear to have elevated the background deep water concentration, leading now to the potential of increased algal blooms in spring and early summer, adding large amounts of organic material to the northern Gulf. At present the IET believes this is a long-term effect, based on the accumulation of nutrients, and thus a risk management approach is recommended, to reduce the nitrogen loading by the fish-farms as well as by other remaining sources and move to understanding the mechanism for sudden increases in the deep water nutrients. This knowledge will allow a reasonable, scientifically based calculation of the carrying capacity of fish-farms. 

Ranking of impacts with respect to the deterioration of water clarity and destruction of the reef.

Deteriorating water clarity

The primary agent here is the production of excess organic material and re-suspended fine silts. Thus the ranking is as follows:

1. Phosphate dust from export of calcium phosphate.

2. Aqaba sewage, fish-farming and cumulative inputs from remaining sources

3. Possible siltation from nearshore processes. This factor may be larger than expected with high local impacts to nearshore reefs

Reduced diversity, coral growth and recruitment

1. Previous collecting and damage of reef organisms

2. Nutrient loading (see above factors list)

3. Previous oil impacts

4. Recent rises in temperature

Specific Resolutions for Action

Note: These action item must be considered as a coordinated whole; achieving only selected parts may not advance the understanding of the Gulf ecosystem with respect to pollution issues.

Issues in need of immediate attention

(1) The IET recommends a risk management approach (see section on “mitigation measures” below this list) to reduce nitrogen input to the Gulf while some immediate investigations are conducted, and finished within six months. The following recommendations should be accomplished by 1-2002.

(2) The IET recommends creating an executive committee to implement and achieve the acton goals addressed in the following recommendations and resolutions for action. The executive committee responsibilities should include scheduling, coordination, and enforcement of reporting.

(3) The IET recommends that the objectives of the Red-Sea Marine Peace Park Project be altered to help address the issues addressed in recommendations 5, 6, 7, 8, 9,  11 and 12 . The oceanographic data collected by this group have been invaluable in identifying the problem.

(4) The IET recommends that IOLR should manage a data-base on the Gulf of Eilat, providing wide availability of the data. Data could include information on the natural sciences (e.g. biology, ecology, geology, oceanography, meteorology) and the social sciences (e.g.  history, demography, socio-economics ).  

(5) The IET recommends that Red-Sea Marine Peace Park work closely with IOLR scientists in addressing the following issues; in order of priority, they are:

(6) The IET recommends running the Princeton Ocean Circulation Model at finer spatial resolution  to achieve better prediction of  the speeds and oscillation in the northern gyre of the Gulf of Eilat (S. Brenner, IOLR).

(7) The IET recommends full analysis of the existing oceanographic data sets for vertically integrated nutrients, both nitrogen and phosphate, to clarify the magnitude of the seasonal changes. IET  preliminary analyses indicates a much larger nutrient pool than the last two years of fish-farm input. No analysis of the existing phosphate data have been accomplished . These data sets inclued: the  1974, 1984-1889, Meteor 1999, RSMPP-1999-2001 (J. Erez and B. Lazar).

(8) The IET recommends  verifing that the sediments can release significant quantities of nutrients by collecting sediment along a transect from Eilat to Station A and directly measuring the release of nitrogen and phosphate.

(9) The IET recommends measurement of the deep water nutrients at Station A and Station B, particularly during late summer and spring to observe the variability in the water column and any increases or decreases in the total nutrient loading to the upper Gulf (RSMPP project). We believe this is the most important parameters  to measure for understanding the carrying capacity of the Gulf water.  If this mechanism is involved in determining the average nutrient concentration in the water column, then the extent of the deep water must be known. 

(10) The IET recommends determining  the organic versus inorganic material in resuspended sediments near coral reefs, both nearshore and offshore. These results will help assess whether siltation from beaches is contributing to the decrease in water clarity.

(11) The IET recommends sampling the sediments over the northern 10 km of the Gulf for total P/g sediment, desorbed P/ g sediment and Ca/P ratio in sediments and compare with literature values for typical hypersaline lagoons. If P loading is indeed significant, we should observe elevated values and a decreasing gradient southward. This work will also give some idea of the load of the sediments has experienced and some idea of how fast it moves out into the water. 

(12) The IET recommends all temperature data from the gulf be collated and inter- calibrated to determine whether there are increasing temperature trends. 

(13)  The IET recommends proceeding with the planned, on-shore waste- pumping system; making it operational  within six months.

Issue for longer term projects

(14) The IET recommends construction of limestone-based artificial reef in near north beach with managed diving activity. This artificial reef will lessen impact on the reef in the Nature Reserve plus other dive sites. It is appropriate to consider encouraging coral recruitment and settlement as well as feeding reef fishes by tourists. 

(15) The IET considers the local impact of the fish-farms to be reversible and , well within normal functioning of marine ecosystems. However the aerobic consumption of the excess carbon falling to the bottom could be improved  by providing 1-m of topographical relief on the bottom. This will provide habitat and better oxygen flux to the benthos, supporting more fully respiration of the organic matter. 

(16) The IET recommends that IUI should consider hiring a permanent scientist who can study the reactive oxygen species  mechanism in Eilat corals. This mechanism should also be studied in Eilat particularly with respect to increasing nutrient concentrations. 

(17)  The IET  recommends expanding the Underwater Observatory Marine Park's restocking efforts to include sites near the fish cages to verify that corals grow well near the cages. 

(18) The IET recommends that the study of coral recruitment (RSMPP - N. Furman) to include sites near the fish cages, with cooperation from the fish farms.

(19) The IET recommends a re-assessment of  “carrying capacity” of the Gulf, particularly for nutrient input, after the proposed critical research on circulation and deep water  nutrient budgets is available, within one year. If results demonstrate the "time-bomb" hypothesis on internal retention of nutrients  is correct, a new plan of action for further reduction will be required.

(20) The IET recommends continued and increased efforts by the diving association, diving clubs and the respective authorities to reduce coral damage and uncontrolled collecting of organisms. 

(21) The IET notes the rapid expansion of the tourist industry and recommends a task force to consider further unconstrained development.

(22) The IET recommends that the monitoring of diseases in the Gulf of Eilat continues, considering not only the fish-farms as potential reservoirs for bacteria but also taking into account the potential long-term changes in susceptibility for diseases with climate change. 

(23) The IET recommends developing a plan to determine alternative and/or additional ballast water management technologies to reduce the risk of transfer of exotic species and disease agents and establish an ad-hoc national working group to delineate the dimension of the problem and determine a course of action to reduce risks of transfer. 

(24) The IET recommends as a precautionary measure to reduce the output of nutrients from the fish-farms through altered production strategies in accordance with the specific “mitigation measures” outlined below. The IET recommends serious efforts to maintain the stringent time schedules for the implementation of the mitigation measures.

Risk Management and Mitigation Methods

Major efforts during the past several years have been made by the municipality, other government organizations and NGOs to reduce potential pollutants to the Gulf. Sewage is now treated on land and effluent used in irrigation; phosphate dust is contained; marina wastes will be controlled; oil spills are contained, monitored and managed;  divers and tourists are educated and impact is monitored.  While these efforts have been effective, they have come after rapid development of the city of Eilat and expanison of the tourist infrastructure. Openness of proposed actions are now required to enhance close- cooperation for the common goal. Continuous efforts will be required to minimize existing and avoid potential future problems related to resource use development around the Gulf. 

A number of mitigating measures to reduce environmental stress to the Gulf are recommended by the IET. 

Reduction of the nitrogen output at the fish-farms through a three-step approach:

(a)  Reducing the maximum size of the fish to be grown in cages  from the previous 550 g average weight limit to 400g average weight, thereby gaining feed conver​sion efficiency per unit biomass gain and thus reducing the output of nitrogen to the environment.  This measure has to become effective no later than July 1st, 2001 and will reduce the dissolved nitrogen output by approximately 14 tonnes (plus 2 tonnes solid N-load) per growth cycle (405 days).

(b) Reducing the protein content in the feed from 45% to 40% for fish sizes from  200g onward (max average size within cohorts 400 g). This measure should become effective from August 15, 2001 onward. The lead time of 3 months is considered sufficient to technically arrange with the feed company the manufacturing adjust​ment and prepare the required changes in husbandry strategy (e.g. size class sorting, redistribution of fish in different size categories without placing too much stress on the fish). The anticipated additional reduction in nitrogen output per growth cycle (405 days) is over 30 tonnes (27.1t dissolved N, 3.2 t solid N). Thus, measures a) and b) will lead to a total operational reduction of N output of 46.3 tonnes of nitrogen starting during the second half of 2001 (this amount represents a reduction of the present total nitrogen loading per production cycle by 20%)

(c) Reducing (as a precautionary measure) the permitted amount of feed to be used annually from 4000 tonnes to 3600 tonnes per year (40% Protein content), thereby reducing the annual output of nitrogen to a total level of approximately 180 tonnes (155 dissolved N, 25 tonnes solid N) which is equivalent to a 30% reduction from the present annual approximated 260 tonnes nitrogen release (228 t N dissolved, 32 t N solid). This calculation is based on an annual input of feed  (not on a production cycle (405 day) basis. This measure must become effective from the next growing season onward, no later than July 2002, as the fish for a complete growing cycle are already in the cages.

(d) Improving feeding techniques to further improve the overall feed conversion efficiency  from around 2.0-2.1 to consistent values of around 1.8 or below (effective immediately)

(e) Installing a motion control systems that protect the farms at night when boats or swimmers appear within a range of 50 m around the farms. This measure aims at preventing vandalism which causes severe escapement of fish to the environment. An emergency action plan must be developed that provides guidance on how to proceed when an alarm appears. This measure should become effective no later than end of July, 2001.

Besides these immediate measures, the mid-term strategic approach should be:

(f) The preparation of a plan for gradual transfer of rearing juvenile fish on land. The land-based production facility should be able to raise initially fish to 10 g average weight. This measure is to reduce nitrogen output by a total of about 5.6 tonnes (4.75 t N dissolved, 0.82 t N solid; mainly fine particles !!).

(g) Preparing in time for the potential transition to land-based culture systems for the next size-class (probably up to 50g body weight) as soon as the R&D efforts by the National Center for Mariculture offer sufficient evidence  that these systems can be operated reliably, cost-effectively and competitively. The time to start this activity will be decided upon by the recommended Steering Committee (see Governance & Clearinghouse).

With regard to item c) the IET believes that based on the available data and multiple impact assessment studies, the allocation of 4000 tonnes of feed would not exceed the carrying capa​city for the given site, considering the near-range evaluation criteria. However, because of the uncertainty of the various optional scenarios for long-term (several decades) and far-ranging (deep-water and inter-basin nutrient budgets) effects which were presented during the dis​cus​sions of the IET as working hypothesis or likely scenarios (e.g. internal complete circulation with nitrogen trapping in the inshore basin of the Gulf), the IET has developed the above overall plan for reduction of total feed allocation as a precautionary measure to be effective until the proposed research and monitoring programme provides clear insight into the hydro-dynamic processes involved, no later than fall 2002. A re-evaluation of the recommended action plan will have to be undertaken at that time.

Construction of an artificial reef to serve a three-fold purpose: 

(a) reducing environmental pressure on the coral reserve by attracting tourist divers to these reef structures,  

(b)  converting part of the carbon load released from the fish-farms while also trapping some of the primary production through planted filter feeders (local species), and  

(c) serving as an experimental control and monitoring station to the fish farm site studying coral growth, health and recruitment mechanisms.

The scientific and technical planning should be started as soon as possible (within the next 3 months), involving the previous planning committee, Dr. Arik Diamant, Dr. Avigdor Abelson and others. It is recommended that the reef construction is substantial and not at a small experimental scale. The present plan calls for extensive structures of high diversity at an allocated site of 850 m length and 250 m width. 

It is suggested that the planning and financing is considered jointly with the Muni​ci​pal​ity, the Hotel management, the various diving clubs and the three ministries. While the investment for the reefs, there operation and management is to be born from private sector sources, governmental institutions (through IOLR or Univeristies) should be involved in the planning process and in the accompanying R&D programme so that all three objectives are fairly met.

The accompanying R&D programme would require funding of 18 man-months over a three year period for a scientist to perform the studies mentioned under © with the provision of about 9 person-months student help and a small budget for consumables.

Appendix A: Terms of Reference

(IET)- International Experts Team on Pollution of the Northern Gulf of Aqaba (Eilat)

Introduction

Israel occupies about 12 kilometers of shoreline at the Northern tip of the gulf of Aquaba/Elat, between the Kingdom of Jordan and Egypt. This part of the Gulf has been under considerable anthropogenic pressure in the last few decades due to accelerated development of the Cities of Elat and Aquaba, as well as other factors, some of which are detailed below.

The unique coral reef in Elat has been deteriorating at an alarming rate over the last three decades. Apart from the intrinsic value, this coral reef is one of the fundamental attractions of the City of Elat. Looking into possible causes for the reef deterioration gave rise to vehement scientific and administrative debate. The fish-farms operating in the Gulf were considered by many as contributing to the present state of the coral reef.

Two commercial fish farms (floating fish cages) are located close to the Jordanian-Israeli border. The present annual production of these farms is ca. 2000 metric ton; feeding rate is 4150 ton of 45% protein diet. The contribution of the fish cages to the gulf’s pollution and environmental state should be assessed taking into account other polluting factors and anthropogenic influences. The number of hotel rooms and tourists have raised several folds since the early 70’s. The population of Elat and Aquaba has increased seven folds during this period. Extensive construction took place on the shores of the Gulf including artificial lagoons that were built on the Israeli limited shoreline. Three ports are operating in Elat: a military port, a commercial port (including loading of fertilizers) and an oil unloading port.

A committee consisting of the Directors General of three Israeli Ministries; Agriculture (Mr. Yossi Yshai, chairman), Environment (Mr. Ytzchak Goren) and National Infrastructure (Mr. Yaacov Efrati), was nominated. The committee dealt with the issues of fish-farms located at the northern tip of the Gulf of Aquaba/Elat and its environmental impact. The DG committee held 4 hearings during which it heard all sides of the conflict and decided, based on the accumulated information, to appoint an International Expert Team (IET) that will look into the issue and make recommendations to the DG Committee.

Terms of Reference

1. The following are the tasks of the Team of Experts on Pollution of the Northern Gulf of Aqaba (Eilat).

(a) Identification of all existing and potential sources of pollution in the Gulf and their relative contribution to the overall pollution load;

(b)  Identification of other environmental pressures which may affect the ecosystem of the Gulf and its natural resources;

(c) Assessment of the “Carrying Capacity” of the gulf for the above pollutants, individually and collectively;

(d) Formulation of recommendations for minimization and control of pollution and other environmental pressures in the gulf area in the future.

The report of the IET will serve as a basis for recommendations of the Committee of the General Directors regarding mariculture activities in the Gulf.

2. The work of the IET will be based on existing data and information and will include a site visit to Elat of sufficient duration. Within the scope of its work the IET is expected to make use of scientific publications, technical reports and data sets on the Gulf and related human activities available in Israel and abroad and to meet with the relevant local scientists and officials.

3.  The IET report will include inter alia recommendations on specific research projects in areas where crucial information is lacking and monitoring activities required for future assessments of anthropogenic influences on the Gulf ecosystem and natural resources.

Appendix B. Calculations 

1.0 Phosphate Dust

1.1 1800 kg P/yr x1/2 x 1/31 mol/g = 2.9 x 104 ~ 0.03 x 106 mol/yr

1.2 100 x 106 m2 x 0.0001 mol N/m2/d x 365 d/yr x 35 yr = 130 x 106 mol N over 35 years (areal fixation rate from latitude measurement of Capone and Carpenter, 1999).

1.3 P dust:

Eilat

1965-1990: 0.15 x106  mol P/yr x 25 yrs =  4 mol P (this is based on 5 times increase over environmental protection.

1990-2000: 0.03 x 106 mol P/yr x 10 yrs =   0.3 mol P (this is based on direct P measurements on filter and dust model of Eilat port authority)

Aqaba

1965-1994: 2.7 x106 mol P /yr x 29 yrs = 78 mol P (this is based onn 0.01% lost, 1-2 mm off pile)

1994-2000: 0.6 x106 mol P/yr x 6 yrs =      4 mol P (this is a lower estimate based on the ratio of P input per ton of ore from Eilat model)

Total is about 86 mol; of which 90% was put in before 1990.

2. Sewage Nitrogen Inputs

2.1 Total N  per person is  9 g N /ca/d x 1/14 mol/g x 365 d/yr = 240 mol N /ca/yr

2.2 Total P  per person is   1 g P /ca/d  x 1/31 mol/g x 365 d/yr = 12  mol P ca/yr

2.3 City of Eilat sewage

1980: 20,000 people  x  240 mol N /ca/yr =  5 x 106 mol N /yr  

1990: 40,000 people  x  240 mol N /ca/yr = 10 x  106 mol N/yr.  

1995: 54,000 people,  No sewage input to gulf.

2.4 Sewage characteristics in 1989-1990: 

BOD = 300 mg/l; COD = 600 mg/l; Suspended solids 300 mg/l; total N =30-50 mg/l. After treatment, which was 400,000 m3 with a two week residence time in settling ponds, P is 50%, N is 80-% and BOD is 80% of the above values.

40 mg/l x 0.8 x 1/14 mol/g x 400,000 m3 x 26 /yr =  24 x  m106 mol N/yr only a factor of 2 different than the above value of 10 x  106mol N/yr

2.5  Current sewage overflow spills are:

Year       # Events             1000 m3
1995         13                        15

1996          8                         50

1997        10                         31

1998        11                         10

1999        14                         36

2000        10                         11

2001          3                           1

total          69                      154

40 mg N/l x  1/14 mol N/g x 154,000 m3 =  0. 44 x  106mol N in 6 years

2.6 Aqaba: 2000: 100,000 people x 240 mol N/ca/yr  =  24 x   106mol N/yr to oxidation ponds

2.7. Cumulative Sewage N; P is about 10  times less.

Year                         (106 mol/yr)               (106 mol/period)

Eilat

1970-80                            5                                       50

1980-90                          10                                     100

1990-95                          10                                       50

1995-2000                     0.1                                      0.4

Aqaba

1970-80                          10                                     100

1980-86                          10                                       60

1987-2000                     0.4                                         5

total sewage                                                             365

Aqaba will be about 2 x Eilat for any period until 1986 at which time the oxidation ponds were established to process Aqaba sewage (ASEZA to the Ministry of the Environment). We  assume that these oxidation ponds contribute nutrients to the Gulf through fresh (or brackish) ground water flux. This figure is estimated as 0.4 x106 mol/yr based on recent reports of the Geological Survey of Israel (J. Erex), and represents about 1.7% of the total sewage production (24 x106 mol/yr) 

Total                    365 x 106  mol N and 37 x 106 mol P moles. 

The cumulative inputs for the last three decades are about  370 x  106 mol N and 25 to 50 x 106 mol P.

3. Fish-Farms 

3.1 Corals near fish cages:

Genera                   No. Colonies

Acanthastrea                   2

Acropora                       51

Agaricella                       1

Agaricia                          1

Alveopora                       1

Echinophyllia                 1

Favia                             18

Favites                           19

Goniopora                       1

Heeerpolitha                    2

Hydnophora                     1

Leptoria                           1

Millepora                         1

Pavona                           10

Platygyra                         2

Pocillopora                    13

Porites                           41

Seriatropora                     3

Stylophora                     22

Turbinaria                       8

Xenia                               4

Unidentified                239

Total;                           471

3.2 Nutrient loading:

                Fish  (tons)                   Feed Conv.                             Feed (tons)

1991         200                                  1:3.5                                    700

1992         200                                  1:3                                       600

1993         350                                  1:3                                     1050

1994         450                                  1:2.8                                  1260

1995         700                                  1:2.7                                  1890

1996         813                                  1:2.5                                  2033

1997        1236                                 1:2.4                                  2966

1998        1530                                 1:2.2                                  3366

1999        2000                                 1:2.1                                  4200

2000        2300                                 1:2                                     4600

total                                                                                          22655

45% protein and 6.25 protein /N ratio = 1,630 tons N (22 % retained in fish)  x 1/14 mol N/g  = 120 x 106 mol N

N:P ratio of 5.3 by weight    =  307 tons P (29% retained in fish) /31 = 10 106 mol P

3.3

 Year                N (mol/ m2 )   

1974

 summer            1.0

 winter               1.1

1989

 oct                    1.4

 nov                   1.8

 dec                   1.7

1990

jan                     1.6

feb                     1.3

mar                    1.8

apr                     1.3

may                   1.7

june                      -

july                    1.7

aug                     2.0

sept                    1.8

oct                      1.9

nov                     1.7

dec                        -

1991

jan                       1.8

feb                       2.0

mar                      1.8, 1.5

1999

sept                       2.4

oct                         2.6

nov                        2.8

dec                        2.7

2000

jan                          -

feb                        2.5

mar                      1.6

april                     1.5

may                     2.0

juane                   1.9

july                      1.9

aug                       2.2

4. Groundwater: No calculation

5. Siltation: No calculation

6. Marina: No calculation

7. Oil: No calculation

8. Divers: No calculation

8.1 3000 people/d x 100 d x 1/2 x  240 mol N/ca/yr x 1/365 =  0.1 x 106
9. Temperature: No calculations

Appendix C: Summary of Field Visits, Workshops and Seminars

Visit to the National Center of Mariculture

A number of presentations were made by representatives of the Institute. The present and future importance of aquaculture in Israel to meet the national demand for aquatic products was outlined. Because of the general water shortage in the country, marine farming is the only way to cope with the growing demand. While the research programme has in the past focused on critical issues for the development of biotechnology of farming systems (e.g. reproduction, larval rearing, nutrition, diseases, optimization of growth, immunology, physiology, food chains, integrated system, biofiltration and environmental impact), the future programme intends to concentrate on the development of land-based marine farming systems, utilizing organisms at various trophic levels. The IET noted that with dwindling freshwater resources world-wide this is an important area of R&D for which IOLR does have not only the required expertise but also is internationally recognized as having one of the leading teams. 

Visits to the Fish Farms. Ardag and Suf Fish

The design and operation of the fish farm was presented and explained during a site visit. The management and operation of the farm and hatchery can be classified as of high professional standard and fully in line with internationally recognized quality criteria. An online video demonstration during the visit revealed bottom conditions that allow for benthic fauna and flora to exist directly under the farms and thriving well with increasing diversity away from the farms. 

A look at the production data of the fish farms indicated that growth rates, biomass gain and feed conservion efficiency are in line with good management practice, using well-designed computer models and techniques on feeding schedules and calculation of daily rations. Because of the difficulty to exactly know the number of fish in the cages (estimates depend on frequent sampling), slight deviations of the calculated values from the real biomass do occur and the true total biomass can only be back-calculated after harvest. 

One of the problems brought to the attention of the IET relates to the escapement of fish. Such escapements do occur. However, they are limited to a very small amount of individuals (if at all) during common commercial farm management procedures (i.e. sorting, harvesting). Severe and instantanous losses have occurred through vandalism. Reportedly nets have been cut either by divers or by boaters leading to several tons of fish loss each time. Usually the watchman discovers such events quickly so that part of the fish in the cage were always saved by calling immediately for assistance to repair the net and maintain the remaining fish inside. 

To prevent such releases,  it is recommended that the fish farm companies explore imme​diate​ly the possibility of employing motion control systems (above and under water). 

Visit to the Eilat Harbor Authority

The IET was informed about the past level of pollution and recent preventive measures taken to minimize pollution from the most critical sources: oil terminal, pottash and phosphate loading. The Committee noted with great satisfaction the progress made and was impressed by the level of reduction of output, monitoring and control efforts as well as implemented environmental management methodologies. It is hoped that the remaining plans to minimize outputs (e.g. curtains, new loading beams) will be completed during 2001. An outprint of the ongoing monitoring programme for phosphorus dust release towards the foreshore area during loading of bulk carriers was provided and is included in Appendix B 2.0 of this report. According to the data presented, an annual maximum of 1.7 tonnes of phosphorus is released. 

The ballast water issue and associated risks on potential transfer of exotic species (including pathogens, parasites, and human disease agents) was addressed. The IET noted that the Harbor authorities adhere strictly to the IMO Guidelines on offshore exchange. However, attention was drawn to the fact that these exchanges – although a recognized risk reducing procedure - are of limited value as complete exchange is not achieved and other measures will have to be developed, in particular for Container ships (see specific recommendations). 

Marine Pollution Prevention Station

The Committee was informed on the development and present management of the ongoing monitoring and pollution prevention programme as well as on present sources and level of pollution as monitored and studied by the station officers. The Committee took note of the well-designed oil spill prevention strategy. Further, the steps taken in cooperation with the Nature reserve was discussed. 

Diving activity

The IET received detailed information from various sources that consistantly point to the high level of diving activity connected to the tourist industry. Overall estimates based on the information point to annual number of dives between 350. 000 to 600.000. Considering the very small extent of the reefs along the Israeli coast of the Gulf (compared to other  international coasts), there is a need to reduce the environmental stress on such habitats brought about diving (see also recommendations for mitigating measures).

Rain and runoff

Although rainfall is limited within the catchment area, occassional incidences of heavy rain​fall have repeatedly been reported to us. These can and have resulted in small and massive overflows of sewers and road drains with direct inflow to the Gulf (even close to the coral reef reserve). Local authorities mentioned that these sources are known and identified. As a precautionary measure it would therefore be helpful to invest in measures that reduce or totally avoid these occassional outputs (particularly near the reef) through appropriate engineering of the drainage systems.

Air pollution output from growing traffic around the Gulf

The IET noted that there has been a gradual increase in car traffic around the Gulf which certainly contributes to an increasing output of gases and particulates. However, there are no estimates avaiable to us on the dimension of air pollution. The Committee feels that appropriate agencies should address this question. 
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