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INTRODUCTION

Fish farming interacts with the marine environ-
ment at various spatial and temporal scales. Silvert
(1992), has classified these impacts as internal

(effects of a particular farm on itself and its imme-
diate environment), local (impacts that affect nearby
farms and wild populations within distances in the
order of a kilometre) and regional (impacts involv-
ing an entire inlet or larger water body with spacial
scales of many kms and time scales ranging from a
single tidal cycle to an entire season). However,
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SUMMARY: Mediterranean fish farming has grown exponentially during the last 20 years. Although there is little evidence
of the impact on the trophy status around fish farms, there are concerns that the release of solute wastes from aquaculture
might affect larger scales in the ecosystem by changing the nutrient load. After combining information from various sources
on waste production and on nutrient loads, it was concluded that the overall N and P waste from fish farms in the Mediter-
ranean represents less than 5% of the total annual anthropogenic discharge, and the overall annual increase in P and N pools
in the Mediterranean, under a production rate of 150000 tons, is less than 0.01%. The proportion of fish farming discharged
nutrients was slightly higher in the eastern Mediterranean. A simple model was used to assess the long-term effects of nutri-
ents released from various sources taking into account the water renewal rate in the Mediterranean. We conclude that, in the
long term, fish farm waste could cause a 1% increase in nutrient concentrations in contrast to other anthropogenic activities
which might double the Mediterranean nutrient pool.
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RESUMEN: CONTRIBUCIÓN DE LAS GRANJAS DE PECES A LA CARGA DE NUTRIENTES DEL MEDITERRÁNEO. – La piscicultura en
el Mediterráneo ha crecido exponencialmente durante los ultimos 20 años. Aunque hay pocas evidencias del impacto sobre
el estado trófico alrededor de las granjas de peces, existe la preocupación de que la liberación de residuos solubles proce-
dentes de la acuicultura pueda afectar al ecosistema, de manera notable, a través de cambios en la carga de nutrientes. Des-
pués de combinar información de varias fuentes sobre la producción de residuos cargados de nutrientes, se concluyó que el
N y el P totales liberados en las granjas de peces en el Mediterráneo, representan menos del 5% de la descarga anthropogé-
nica anual total y el aumento anual del contenido en P y de N en el mediterráneo, bajo una tasa de producción de 150000
toneladas, es menor de 0.01%. La proporción de la descarga de nutrientes procedentes de la piscicultura fue ligeramente
mayor en el Mediterráneo Oriental. Se utilizó un modelo sencillo para determinar los efectos, a largo plazo, de la liberación
de nutrientes desde varias fuentes considerando la tasa de renovación del agua en el Mediterráneo. Se concluyó que, a largo
plazo, las granjas de peces podrían dar lugar a un aumento del 1% de las concentraciones de nutrientes, en contraste con
otras actividades antropogénicas que podrían doblar el contenido de nutrientes del Mediterráneo.
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there have been concerns that the effluents from
aquaculture might have even larger scale impacts
due to the rapid expansion of the industry in the
coastal zone. GESAMP (1990), described maricul-
ture as a potential source of eutrophication for the
marine environment. The European Environment
Agency report on the state of the Marine Environ-
ment in the Mediterranean (Gabrielides et al., 1999),
presented the total amount of nutrient discharge in
the Mediterranean due to fish farming, implying that
there is some potential for hypernutrification (exces-
sive increase in nutrient concentration) or even
eutrophication (significant increase in primary pro-
duction) due to aquaculture expansion. Moreover,
Naylor et al. (2000), discussed nutrient pollution
from aquaculture wastes which exceed the assimila-
tive capacity of receiving waters, therefore leading
to deterioration in water quality.

The Mediterranean has experienced an almost
exponential increase in fish farming production dur-
ing the last 20 years, but until 1994 there was limit-
ed information on the environmental impact of the
fish farming industry in the Mediterranean (Munday
et al., 1994). During the last five years, there has
been some progress in understanding these process-
es in the Mediterranean through a series of pub-
lished papers concerning the impact of fish farming
on water column chemistry and parasites (Papout-
soglou et al., 1996), the effects on nutrients and
plankton (Pitta et al., 1999; Karakassis et al., 2001),
the effects on seagrass (Delgado et al., 1999; Per-
gent et al., 1999; Ruiz et al., 2001), the dynamics of
sediment accumulation beneath fish farm cages
(Karakassis et al., 1998), the recovery process of the
benthos after cessation of fish farming (Karakassis
et al., 1999), and the effects on sediment geochem-
istry and benthic organisms (MacDougal and Black,
1999; Karakassis et al., 2000, 2002; Karakassis and
Hatziyanni 2000; Mazzola et al., 1999; 2000; La
Rosa et al., 2001; Mirto et al. 2002). These studies
involved monitoring environmental variables at one
or more fish farms in different regions within the
Mediterranean and have shown that there are small
to moderate effects on the immediate vicinity of the
fish farms. In most cases fish farms are sited in loca-
tions with high water flushing rates. This results in
the nutrients being exported away from the immedi-
ate vicinity of the cages. However, it is worth con-
sidering whether the continuous export of nutrients
from hundreds of sites along the Mediterranean
coast, with continuously increasing production is
likely to affect the quality of the water at a large

scale as implied by Gabrielides et al. (1999), and as
feared by many environmentalists. Bethoux et al.
(1998), have found an increase in nutrient content in
deep water in the western Mediterranean and sug-
gested that it is due to anthropogenic inputs. Similar
long-term data is not available at present for the
eastern basin to see if similar changes have also
taken place there. It is the aim of this study to assess
whether the additive effect of fish farming could
contribute significantly to the nutrient budget and
hence to environmental change at very large spatial
scales. Water quality at mesoscales (10-100 km) is
influenced by the amount of local discharges as well
as by the quality of the ambient water reservoir
where ”pure” water (i.e. not directly affected by the
local discharges) enters the system replacing the
locally enriched water masses. In this context it is
worth knowing what is the quality of the water at
larger scales and whether local effects accumulate
causing a significant change in ambient conditions.

In the present paper we have combined available
information on seabream and seabass production
and other anthropogenic discharges as well as
oceanographic data on nutrient pools in the Mediter-
ranean. A simple mathematical model was used in
order to obtain meaningful estimates and predictions
of the potential impact of fish farming on nutrient
content in the Mediterranean.

MATERIALS AND METHODS

Nutrient discharge 

Detailed mass balance models for the salmonids
have been provided by Hall et al. (1992), and Holby
and Hall (1991), and a number of papers have
reported values for nutrient release of different
marine fish species including seabream and seabass
(Table 1). In all cases the amount of nutrients recov-
ered through harvest is less than 1/3 of that supplied
through the fish feed, but there is considerable vari-
ability in the estimates of the proportion of the
solute fraction of the wasted part. This variability
probably reflects local conditions (such as tempera-
ture and oxygen availability) whereas the variability
in harvestable proportion reflects both species-relat-
ed biological factors and management factors.
Based on this information, we have chosen an upper
and a lower proportion figure (“working figures” in
Table 1), which seem to be reasonable estimates of
the nutrients lost to the environment ignoring one
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extreme value in every column. The lower figure
refers to the solute release only, whereas the upper
(maximal) figure comprises both the solute and the
particulate fraction i.e. assuming that all the particu-
late material has the potential to be remineralized. In
this context, the maximal rate is perhaps unrealistic
but it represents the “worst case scenario” in terms
of water quality deterioration.

The model 

A simple model was used in order to calculate
the maximal quantity of solute wastes remaining in
the Mediterranean. The model assumes there is a
constant annual discharge of nutrients into the sea
and a standard rate of water renewal. 

Qt: quantity of fish farming released nutrients in the
Mediterranean at year t.
D: annual discharge of fish farming released nutri-
ents in the Mediterranean.
a: number of years required for a complete renewal
of Mediterranean water. Therefore, the factor [(a-
1)/a] represents the proportion of Mediterranean
water retained in the basin after the outflow to the
Atlantic each year.

The above equation implies that at year t the
quantity of waste remaining in the Basin is the sum
of the amount of waste left from the past year (Qt-1),

plus the annual discharge (D), multiplied by the per-
centage of Mediterranean water retained in the
Basin each year. 

Expanding the above equation the model takes
the form:

,

When |(a-1)/a| <1, the limit of this equation for
infinite time is:

This formula implies that the maximal amount of
waste that can be retained within the system is a-1
times the annual discharge. For the Mediterranean,
where the time for water renewal is 80-100 years
(Margalef, 1985; Turley, 1999), the potential for
accumulating any given substance is 79-99 times the
annually discharged quantity. However, QA is
approached asymptotically and therefore it takes
some time before noticeable effects are found in the
environment.

For this model we have used nutrients as “con-
servative pollutants” and it is assumed that water
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TABLE 1. – Estimates of the percentage of nutrients recovered through harvesting and lost to the environment during marine fish farming. 
Total waste (%) includes both particulate and dissolved waste; dissolved waste includes only nutrients released into the water column.

Source Species Harvested (%) Total wasted (%) Dissolved (%)
N P N P N P

Hall et al., 1992 trout 28 73 50
Holby and Hall, 1991 trout 18 82 34
Gowen and Bradbury, 1987 salmon 25 75 52
Folke and Koutsky, 1989 salmonids 25 23 75 77 62 11
Ballestrazzi et al., 1994 seabass 31-34 17-29
Dosdat et al., 1996 seabass 77 43-47
Krom et al., 1985 seabream 36 29 64 71
Porter et al., 1987 seabream 30 70 60
Krom et al., 1995 seabream 25 75 60
Dosdat et al., 1996 seabream 43-55
Lanari et al., 1999 seabass 18-21 25-41 79-82 59-75
Kaushik, 1998 seabass 45-55 45-55
Kaushik, 1998 seabream 51-63 38-49
Lupatsch and Kissil, 1998 seabream 22 29 78 71 61 19
Lemarié et al., 1998 seabass 12-17 14-42 93-98 58-86 61-80 24-42
Wallin and Haakanson, 1991 various spp 21-30 15-30 70-79 70-85 49-60 16-26

Working figures used in this paper max 77 82
min 49 15
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masses in the Mediterranean mix to a great extent.
The potential limitations of these assumptions are
discussed in detail in section 4 of the discussion.
Furthermore, recent physical oceanographic mea-
surements in Gibraltar imply that the water outflow
from the Mediterranean is probably lower than pre-
vious estimates (Tsimplis and Bryden 2000), and
therefore the time for water renewal could be higher
than anticipated here.

RESULTS

Estimates for the total quantities of the nutrient
pool in the Mediterranean, as well as the total atmos-
pheric and terrestrial inputs (ATI) in Table 2, were
derived from Bethoux et al. (1992), and Bethoux et al.
(1998). Estimates of the anthropogenic discharges
were given in UNEP (1996), using two scenarios: (a)
N and P from human populations inhabiting the
coastal zone in the form of sewage and (b) N and P
discharged into the sea from various human activities
such as agriculture, the food processing industry,
sewage etc. Production figures for the Mediterranean
from the Federation of European Aquaculture Produc-
ers (http://www.feap.org) showed that 96000 tons of
bream and bass were produced in 1999 (estimated
109000 tons for 2000) and for the past 5 years 2/3 of
the total production came from the eastern Mediter-
ranean. Fish farming nutrients were calculated for
150000 tons of production (100000 tons in the east
Mediterranean), which is a reasonable figure for the

next 2-3 years and assuming a 2:1 food conversion
ratio (FCR). Two figures (minimum – maximum) of
the proportion of nutrient loss were used, covering
the range presented in Table 1. Depending on the
basis of the comparison, the contribution of fish
farming effluents to the Mediterranean nutrient pool
varies considerably (Table 2). For instance, P from
fish farms could be 0.2-3.5% of the annual anthro-
pogenic discharge, or 0.1-0.55% of the annual ATI.
These figures become even higher in the eastern
Mediterranean reaching 8% of the P discharged
through sewage wastes. However, when compared
to the total nutrient pool in the Mediterranean, the
annual discharge of fish farming becomes two to
three orders of magnitude lower (0.002-0.012% in

316 I. KARAKASSIS et al.

TABLE 2. – Estimates of Nitrogen and Phosphorus discharges into the entire Mediterranean and the Eastern Basin and intercomparisons of 
their contribution to the total nutrient pool. E and F estimates correspond to total and solute wastes, respectively.

Estimates Units Total Medit. Eastern Medit.
N P N P

A: Total nutrient quantity in the Mediterranean 103 tons 255 020 25 089 119 715 12 606
B: Atmos. Terr. Inputs -ATI (Bethoux et al., 1998) 103 tons y-1 5 351 539 3 222 304
C: Anthropogenic discharges (UNEP-Scenario 2) 103 tons y-1 2 686 297 946 101
D: Anthropogenic discharges (UNEP-Scenario 1) 103 tons y-1 677 83 198 24
E: Fish farming discharges - max 103 tons y-1 18 3 12 2
F: Fish farming discharges - min 103 tons y-1 12 0.5 8 0.4

B/A: ATI / Total % y-1 2.098 2.148 2.691 2.408
C/A: UNEP2 / Total % y-1 1.053 1.183 0.790 0.800
D/A: UNEP1 / Total % y-1 0.266 0.331 0.166 0.193
E/A: max Fish-Farm / Total % y-1 0.007 0.012 0.010 0.016
F/A: min Fish-Farm / Total % y-1 0.005 0.002 0.007 0.003
C/B: UNEP2 / ATI % 50.208 55.051 29.350 33.235
D/B: UNEP1 / ATI % 12.654 15.418 6.151 8.011
E/B: max Fish-Farm / ATI % 0.345 0.548 0.382 0.648
F/B: min Fish-Farm / ATI % 0.220 0.100 0.243 0.119
E/C: max Fish-Farm / UNEP2 % 0.688 0.995 1.303 1.951
F/C: min Fish-Farm / UNEP2 % 0.438 0.182 0.829 0.357
E/D: max Fish-Farm / UNEP1 % 2.729 3.553 6.217 8.093
F/D: min Fish-Farm / UNEP1 % 1.737 0.650 3.957 1.480

TABLE 3. – Accumulation of P discharged from fish farming in the
Mediterranean for different temporal scales corresponding to pro-
portions of the Mediterranean water renewal period (80 years).
Minimal and maximal estimates are given for production of 150000
tons in total quantities and as a percentage of the present total P
pool.

renewal years P min P max P min P max 
period (tons) (tons) (%) (%)

1/8 10 4 572 24 995 0.02 0.10
1/4 20 9 494 51 900 0.04 0.21
1/2 40 16 871 92 228 0.07 0.37
1 80 27 067 147 968 0.11 0.59
2 160 36 960 202 047 0.15 0.81
3 240 40 576 221 817 0.16 0.88
4 320 41 898 229 044 0.17 0.91
5 400 42 382 231 686 0.17 0.92
6 480 42 558 232 651 0.17 0.93
7 560 42 623 233 005 0.17 0.93
8 640 42 646 233 134 0.17 0.93
9 720 42 655 233 181 0.17 0.93
10 800 42 658 233 198 0.17 0.93
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the Mediterranean and 0.003-0.016% in the Eastern
Basin). On the other hand, the anthropogenic dis-
charges seem to contribute half the ATI and they
represent more than 1% of the total nutrient pool in
the Mediterranean, these figures being considerably
lower in the Eastern Basin.

In order to estimate the integrated effect of nutri-
ent discharge over time, the cumulative quantities
for minimal and maximal estimates of P loss were
calculated with the Qt model described above. This
model provides estimates on quantities and not on
nutrient concentrations. However, when these quan-
tities are compared to the total nutrient pool, the per-
centage increase may also be regarded as a percent-
age increase in concentrations since the total amount
of water in the Mediterranean can be assumed to
remain constant. The results (Table 3) showed that
the asymptotic percentage of the fish farming con-
tribution to the total P pool is less than 1% and for
the first 20 years it will be less than 0.3%. On the
other hand, the increase due to total anthropogenic
discharges in the long term (Table 4) is likely to
nearly double the concentrations of nutrients in the
Mediterranean and even after 30 years it is expected
that it could cause an increase of 6 to 30%.

DISCUSSION

Contribution of fish farming to the nutrient pool
in the Mediterranean

The results from the present study imply that
there is little risk of a noticeable increase in the
nutrient concentration in the entire Mediterranean or
even in the Eastern Basin as a result of fish farming.
At worst and even if all nutrients remained in sus-
pension, the expected increase in nutrient concentra-
tions is within the error limits of most analytical
methods. In this context, it could be concluded that
fears of large scale effects related to nutrient release
are not justified. However, the potential for impair-

ing coastal marine ecosystems by changing the
trophic status cannot be ignored, particularly when
considering the environmental pressures already
exerted by other anthropogenic factors on the
Mediterranean coast (Turley, 1999), which are so
strong that they can be paralleled to climatic factors
(Duarte et al., 1999). Significant adverse environ-
mental effects of nutrients resulting from fish farms
have been reported in the Mediterranean: long-term
impacts (2-4 years) of fish farming on Posidonia
oceanica meadows (Delgado et al., 1999), and the
proliferation of benthic microalgae on the seabed
due to benthic fluxes of nutrients (Karakassis et al.,
1999), are some examples of changes that might
occur at spatial scales exceeding 10 m from the
cages and at temporal scales exceeding two years
after the cessation of fish farming activities.

One of the major objectives of the site selection
procedure for fish farming is to avoid areas with low
water renewal rates, which would impose risks for
the reared stock. Therefore, the possibility of a par-
ticular farm affecting itself and its immediate envi-
ronment should be rather low as has been shown in
studies of water quality in the Mediterranean (Pitta
et al., 1999). At the other end of the spectrum, the
potential for nutrient release to alter the nutrient
regime of a large basin like the Mediterranean is
also low. The problem may be at intermediate scales
(e.g. of a Gulf) and particularly when poor flushing
is involved. In this case, it is possible that nutrient
concentrations may rise considerably depending on
the volume of the Gulf, the amount of nutrients dis-
charged and the time needed for water renewal. It
has been argued (Pitta et al., 1999), that these effects
are more likely to occur during the summer period
when there is high light availability and maximal
discharge of farm-nutrients in the normally nutrient
depleated surface layers of the water column.

The Mediterranean fish farming industry is still
in its adolescence and therefore, it is quite likely that
technology will improve, leading to more efficient
use of fish feed and less nutrient loss per ton of fish
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TABLE 4. – Predictions of proportional increase of the nutrient concentrations in the Mediterranean as a result of anthropogenic activities.

30 years 400 years
N (%) P (%) N (%) P (%)

ATI (Bethoux et al., 1998) 52.45 53.70 165.75 169.70
Anthropogenic discharges (UNEP-Scenario 2) 26.34 29.56 83.22 93.42
Anthropogenic discharges (UNEP-Scenario 1) 6.64 8.28 20.97 26.17
Fish farming discharges - max 0.18 0.29 0.57 0.92
Fish farming discharges - min 0.12 0.05 0.36 0.17
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produced. In that case, despite the expected further
increase in production, the figures for nutrient loss
will not increase proportionally as happened with
the salmon industry in the 1990s where the food
conversion ratio dropped to 0.8:1 allowing a less
environmentally damaging (and more profitable)
development of the industry than in the previous 2
decades. According to Chopin et al. (2001), the
annual discharge of N and P per ton of salmon pro-
duced decreased by 55% and 26% respectively in
less than 10 years. Furthermore, considerable effort
is being made to develop sustainable mariculture
systems in which the effluent is used for secondary
production such as seaweed-abalone production
(Neori et al., 2000), or the use of biofilters. It is also
worth noting that as well as fish farming, mussel
cultures have also increased considerably in the
Mediterranean during the last decades. This type of
aquaculture has the opposite effect on the water col-
umn because it removes large quantities of particu-
late N and P and in fact it has been suggested (Kaut-
sky and Folke, 1989), that it may be used as a means
of reducing the environmental impacts of fish farm-
ing. The emerging issue of integrated mariculture
with the use of inorganic and organic extractive
aquaculture (Chopin et al., 2001), close to fish farms
could further reduce nutrients discharged into the
marine environment transforming wastes into raw
material for a profitable industry.

Critique of the methods used to assess fish 
farming impacts

In the present paper we have compared the
amount of nutrients resulting from fish farming
activities to those resulting from other anthro-
pogenic sources as well as to the total nutrient quan-
tities in the Mediterranean and the Eastern Basin.
The percentages obtained through these compar-
isons can be as high as 8% or as low as 0.1%
depending on the basis of the comparison. In all
cases the input represents less than 0.02% of the
total nutrient quantity in the Mediterranean.

This huge variation (three orders of magniture)
might be very important when explaining the effects
to the regulating authorities and to the public.
Frightening features emerge when comparing nutri-
ents released from fish farming to anthropogenic
wastes, particularly when the basis for the compari-
son is only the amount of nutrients derived from
human excreta. A number of papers have used this
type of comparison involving person equivalents

(Folke et al., 1994), calculating the percentage of
mariculture effluents over all types of nutrient dis-
charges in Finland (Maakinen, 1991), or comparing
nutrients from fish farms in Norway to the total pop-
ulation of the country (Leffertstra, 1991). However,
these figures are of little use when no account is
taken of the total assimilative capacity of the recipi-
ent water. For instance, it is possible that a 300%
increase in nutrient discharges may be harmless
when the receiving water body is adequately flushed
or when the quantity over which this increase is cal-
culated is very small, whereas a 5% increase might
cause severe degradation when the system is close to
the maximum assimilative capacity (Krom, 1986).

Other sources of nutrient enrichment

Anthropogenic discharges seem to contribute con-
siderably to the Mediterranean nutrient reserves.
According to Bethoux et al. (1999), over the last 30
years there has been a steady 0.5% annual increase in
the nutrient concentrations in the Mediterranean,
which means that today’s concentrations are about
16% (i.e. 1.00530) higher than those in the late 1960s
when it was assumed that the nutrient regime (at least
in the Western Basin) was fairly close to a steady
state. According to the model we used (Table 4), it is
likely that with the figures estimated in scenario 2 of
the UNEP (1996) report, there is a risk of a 30%
increase during the next 30 years and of 100%
increase in the long term. The long term nutrient
increase due to ATI is probably a gross exaggeration
since a very large proportion (50-90%) of this nutri-
ent source has always been there and forms part of the
natural processes in the Mediterranean. Changes in
the nutrient content, and consequently in primary pro-
ductivity (Solic et al., 1997), might be the reasons for
some “positive effects” such as the increase in fish
landings and catch per effort (Caddy et al., 1995),
despite the long term decline in Mediterranean water
quality (Duarte et al., 1999 and references therein).
However, the long term changes in nutrient concen-
tration are likely to have severe effects on the biodi-
versity of the Mediterranean which harbours a large
proportion of endemic species in various taxa (Tor-
tonese, 1985; Fredj et al., 1992). 

Limitations of our approach

In the present paper, and particularly when using
the Qt model, nutrients were treated as “conservative
pollutants” i.e. it was assumed that they remain in
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solute form for an infinite time and that water mass-
es mix to a great extent. These assumptions are only
partly fulfilled. The latter is violated by the distinct
circulation patterns in various parts of the Mediter-
ranean and the “stagnant water zones” in some
abyssal areas. It is also possible that Qt overesti-
mates the amount of fish farm nutrients retained in
the Mediterranean since the concentration of nutri-
ents in water masses of the outflow subsurface cur-
rent in Gibraltar is always higher than in the inflow
from the Atlantic.

The former assumption (i.e. nutrients as conser-
vative pollutants) is even more difficult to fulfil,
since the fate of nutrients is governed by a complex
set of biogeochemical factors. A large part of the
nutrients is consumed and released again by phyto-
and bacterioplankton, another part is transferred to
higher trophic levels, and a further part is lost from
the marine environment through various processes
such as denitrification (a N sink) or through P
adsorption in sinking mineral particles (Krom et al.,
1991). It has recently been estimated (Eijsink et al.,
2000), that in the Eastern Basin only, some 5.5*1012

mmols of P (i.e. 178 tons of P) are buried annually
in the sediment, which is about 58% of the annual
ATI estimated by Bethoux et al. (1998). These find-
ings by Eijsink et al. (2000), put in question the
accuracy of previous estimates of the ATI in the
eastern Mediterranean, which assumed negligible P
burial. The issue gets more complicated by the fact
that part (probably ca 70%) of the above mentioned
P burial flux rate is due to the river Nile which
stopped after the construction of the Aswan dam
and therefore an important source of nutrients for
the Mediterranean was lost. It is also worth noting
that different nutrient species have different recy-
cling rates (Bishop et al., 1977; Garber, 1984), and
different effects on ecosystem productivity which
may be P or N limited in different parts of the
Mediterranean and at different times of the year
(Berland et al., 1980; Krom et al., 1991; Thingstad
and Rassoulzadegan, 1995). Information on the fate
of nutrients and on the role of each nutrient species
in controlling primary production in the Mediter-
ranean and particularly in the Eastern Basin would
allow the risks that might be caused from the
expected increase in nutrient concentrations due to
anthropogenic discharges to be assessed more pre-
cisely. Recently published information from the
eastern Mediterranean (Machias et al., 2004;
Machias et al., in press), indicates that there is a
considerable increase in fishery production in the

vicinity of aquaculture zones, implying that there is
an efficient transfer of nutrients up the food chain.

Despite these limitations, it is clear that the
model provides a good indication of the maximal
nutrient loads i.e. of the “worst case scenario” which
should be taken into account when decisions are
made. Furthermore, this type of analysis is advisable
for local scales as well in order to avoid adverse
effects on both the coastal ecosystems and the reared
stocks.
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