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INTRODUCTION 
 
 
Marine aquaculture and in particular intensive fish farming, has shown a large expansion in 
most of the Mediterranean countries over the last 10 years. It provides an important source 
of high quality food and could be considered to be an important management tool to limit 
pressure on wild fish stocks, which are heavily stressed due to over fishing and pollution in 
coastal areas.  
 
This rapid increase in mariculture production has caused conflicts with other activities in the 
coastal zone and raised significant public concern over environmental issues. 
 
Problems caused by high organic and nutrient loading conflict with other uses of the coastal 
zone. The use of chemicals (therapeutants, vitamins and antifoulants) and the introduction of 
pathogens and new generic strains have also raised environmental concerns. 
 
These problems may be overcome by improvement in technology related to aquaculture 
practices and if marine aquaculture is based on well-balanced interventions through 
integrated coastal area management plans. These plans should consider aquaculture in 
relation to all other existing and planned activities and development. 
 
Mediterranean mariculture should and could be sustainable with aquaculture practices that 
are environmentally not degrading, technically appropriate, economically viable and socially 
acceptable.  
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CHAPTER 1: MAIN CHARACTERISTICS AND FEATURES 
                        OF MEDITERRANEAN MARICULTURE 
 
 
Aquaculture is the farming of aquatic organisms including fish, molluscs, crustaceans and 
aquatic plants. Aquaculture has been the world’s fastest growing food production system for 
the past decade (Tacon, 1997).  Aquaculture production increased from 16.8 million tonnes 
in 1990 to more than 42 million tonnes in 1999 valued at over US$ 53 thousand million (FAO, 
2001). 
 
In Mediterranean aquaculture, the earliest extensive marine fish farms dated from the 6th 
century BC.  Therefore, it cannot be excluded from its evolution and indeed is its pioneer. 
Aquaculture in the Mediterranean represents about 5% of total world production. 
 
1.1 Recent evolution of mariculture in the Mediterranean 
 
There are two basic factors, which led to exponential development of mariculture in the 
Mediterranean region: 
 
A new form of aquaculture has arisen over the past 20 years due to mastery of the 
reproduction of marine fish, the development of research in formulated feeds and 
technological innovations enabling installations to be located on land as well as in the sea. 
This type of aquaculture corresponds to the growth in the demand for fish quality products 
(seabass, seabream etc.) which generally cannot be met by traditional means due to the 
chronic over fishing of these species and the general relative decline of fisheries production 
over the last few years in the Mediterranean (Table 1). 
 
 

Table 1 
Total fish catch by Mediterranean countries  

for the years 1995 - 1999 (FAOSTAT data base results 2000) 
 
100 Records    <;• Copyright FAO 1990-1998 

Total Fish Catch (MT) Year     
Mediterranean and Black 
Sea (MT) 

1995 1996 1997 1998 1999

Albania 1,46 2,058 923 1,968 2,136
Algeria 105,912 82,024 91,615 92,374 105,725
Cyprus 2,859 3,232 3,173 3,486 3,597
Egypt 45,078 53,932 56,815 77,535 98,877
France 70,636 56,316 61,473 61,555 65,636
Greece 169,838 175,129 194,824 156,673 185,811
Croatia 16,476 18,309 17,412 24,682 21,812
Israel 4,507 3,858 5,15 5,901 6,049
Italy 551,515 510,924 481,479 494,263 472,502
Lebanon 4,065 4,115 3,635 3,5 3,54
Libya 34 32 31 32 32
Malta 1,826 2,382 2,675 2,93 3,035
Morocco 40,993 40,98 32,663 29,582 38,416
Yugoslavia 374 383 380 418 433
Slovenia 1,911 2,203 2,192 2,113 1,885
Spain 149,089 150,61 133,395 123,39 122,445
Syria 1,95 2,67 2,574 2,75 2,6
Tunisia 83,436 83,677 86,867 88,123 91,554
Turkey 594,486 493,467 426,843 456,61 550,137
AGG COUNTRIES 1,880,411.00 1,718,269.00 1,635,088.00 1,659,853.00 1,808,190.00
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Mean consumption of seafood around the Mediterranean basin is similar to the levels of 
world consumption (approx. 18 kg per person/year), with very marked differences amongst 
different countries.  It represents a total of nearly 3 million tons overall, which is much more 
than the Mediterranean global levels of production from fishing and aquaculture. Italy, 
France and Spain have a major deficit in the balance of sea products. Practically all 
Mediterranean countries are in the same situation.  A growing demand that exists in this 
area led to a veritable explosion in Mediterranean aquaculture production.  
 
Fig. 1 (Georgiou G., 2001) shows the production of aquaculture (Fish and Mollusc) in the 
Mediterranean over the last few years. Indeed the production of fish has increased from a 
total of 220,000 tonnes in 1985 to 320,000 tonnes in 1995 and to 480,000 tonnes in 1998. 
 

0

100,000

200,000

300,000

400,000

500,000

600,000

700,000

800,000

1984 1986 1988 1990 1992 1994 1996 1998

Pr
od

uc
tio

n 
(t

on
ne

s)

0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

1,400,000

1,600,000

1,800,000

2,000,000

Va
lu

e 
(1

00
0 

U
SD

)

Fish (t) Molluscs (t) Fish ($) Molluscs ($)
 
 
 
Fig. 1: Fish and mollusc production and value: Mediterranean countries 1984 to 1998 

(Georgiou, G. 2001). 
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Ferling and La Croix (2000) provide (Table 2) - Aquaculture production of the Mediterranean 
Sea and the Mediterranean watershed (fresh water species) in 1988 and 1998. 
 
 

Table 2.  Aquaculture production of the Mediterranean Sea and the Mediterranean watershed 
(freshwater species) in 1988 and in 1998 (except the Black Sea). Data (in metric tons) 
from FAO, Sipam, Infremer. 

Species, 
or group of species                    

Production   
1988     

Production   
1998     

Variation: 
X factor  

Variation:  
       (%) 

Seabass 
 

1,600 32,000 X 20  

Seabream 
 

1,600 40,000 X25 
 

 

Mullet 
 

6,000 20,000 X 3,3  

Other marine fishes 400 6,500 X 16  

TOTALMARINE FISHES 9,600 98,500 X 10  

Trout 46,000 93,000  + 100 % 

Carp 37,000 30,000  - 1 9 %  

Tilapia 
 

28,000 34,000  
 

+ 21 % 

Other freshwater fishes 
 

3,300 9,000  
 

+ 172% 

TOTALFRESHWATER FISHES 
 

114,300 166,000  
 

+ 45% 

Oyster 26,000 25,000  -4% 

Mussel 195,000 200,000  + 2% 

Clam 3,400 43,000 X 12  

Other molluscs 
 

100 2,900 X 29 
 

 

TOTAL MOLLUSCS 
 

230,000 271,000  
 

+ 1 8 %  

CRUSTACEAN 
 

1,300 300  
 

-76% 

ALGAE 0 5000   

GLOBAL TOTAL 
 

350,000 540,000  
 

+ 54% 

(Fenlin and La Croix, 2000) 
 
 
.



The production of marine fishes has increased remarkably from 9,600 tonnes in 1988 to 
96,500 tonnes in 1998.  In respect to species the main dynamic trend originates from the 
seabass, Dicentrarchus labrax and seabream, Sparus aurata, which account for the bulk of 
marine aquaculture. As a direct consequence, the greatest share of the Mediterranean 
hatchery output is represented by the farming of species. Fig. 2 shows the seabass and 
seabream fry production from the period 1995 – 2000 (G. Georgriou, 2001). 
 
 
 
 

Fig. 2: Seabass and seabream fry production in the Mediterranean area. 
(Georgiou, G. 2001). 
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Fry production of the seabass has more than doubled during the period of 1995 – 2000, 
while the fry production of seabream has reached nearly 500 million in the year 2000 
compared with less than the 200 million in 1995.  
 
In terms of type of marine aquaculture intensive culture shows an exponential increase. 
Table 3 and Fig. 3 show the production of fish and crustaceans from intensive mariculture by 
Mediterranean countries for the years 1990 to 2000. Production from intensive mariculture 
has increased from about 6000 tonnes in 1990 to nearly 124,000 tonnes in the year 2000.  
For the year 2000, Greece has the greatest share of this increase with about 47%, Turkey 
second, followed by Italy, Spain and France (Fig. 4). 
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Fig. 3. Total Production of Fish and Crustaceans from intensive 
mariculture in the Mediterranean for the years 1990 - 2000

 
 
 
 



TABLE 3 
 

Production of Fish and Crustaceans (t/y x 103) from intensive mariculture 
by Mediterranean countries for the years 1990 - 2000 (Source: Feap, Sipam). 

 
 

YEAR              CROATIA CYPRUS GREECE FRANCE ISRAEL ITALY MALTA MORROCO SLOVENIA SPAIN TUNISIA TURKEY TOTAL

1990 1,50   - 1,60 0,50 - 0,90 - 0,20 - 1,00 - - 5,70 

1991 0,40   - 2,50 1,00 - 1,50 - 0,30 - 1,20 0,30 - 7,20 

1992 0,70   0,07 6,00 1,60 - 1,20 0,30 0,50 0,01 1,80 0,20 1,70 14,08 

1993 1,30   0,20 9,50 2,30 - 2,90 0,60 0,70 0,02 2,40 0,50 1,80 22,22 

1994 1,50   0,20 13,60 3,80 - 3,30 0,90 1,10 0,08 2,50 0,60 2,00 29,58 

1995 1,50   0,40 17,80 4,00 - 5,30 1,30 1,20 0,05 3,20 0,40 8,00 43,15 

1996 1,70   0,70 23,00 3,60 - 6,00 1,60 1,20 0,07 4,90 0,60 9,00 52,37 

1997 1,80   0,80 25,50 3,80 - 7,30 1,80 0,90 0,09 4,40 0,80 15,80 62,99 

1998 2,30   1,10 30,90 4,50 - 10,10 1,90 0,70 0,10 8,00 0,40 21,10 81,10 

1999 2,40   1,30 48,00 4,80 0,20 11,80 2,00 0,70 0,10 11,00 0,30 24,70 107,30 

2000 2,50   1,70 58,40 5,20 0,20 15,80 2,00 0,80 0,10 11,10 0,30 25,50 123,60 
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1.2 Country by Country situation 
 
Production from mariculture in terms of type (intensive, semi-intensive and extensive) and group 
of species (fish, Mollusc and Crustaceans) by Mediterranean countries is shown in a  
series of Tables Ia – Im (Annex I). 

Fig 4 %  of the total production by each country for the year 2000

ITALY
12.783%

CROATIA
2.023%

CYPRUS
1.375%

GREECE
47.249%

TURKEY
20.631%

TUNISIA
0.243%

SPAIN
8.981%

SLOVENIA
0.081%

MOROCCO
0.647%

MALTA
1.618%

FRANCE
4.207%

ISRAEL
0.162%

 
Marine aquaculture in Greece is now well established and experienced in order to be able to 
evaluate its present status and determine its future. Greek production from intensive mariculture 
represents almost 47% of the total intensive mariculture in the region. Mollusc production in the 
form of semi-intensive and extensive methods increased from 5800 tonnes in 1990 to 28,100 
tonnes in the year 2000. The number of mussel farms in Greece increased rapidly from five in 
1980 to 346 in 1998. 
 
Mollusc, with cupped oyster as the principal species, dominate marine aquaculture production in 
France which in 1999 reached 205,000 tonnes. Mollusc production from semi-intensive 
mariculture has been quite stable over the last 10 years. 
 
Fish production from intensive culture increased to 7000 tonnes in 2000 from 1410 tonnes of 
1990; Crustacean production is around 1200 tonnes per year. 
 
Aquaculture in Spain is dominated by semi-intensive and extensive shellfish farming, mainly 
mussels. Total production in 2000 was about 280,000 tonnes. (This type of activity is found in 
the north west of the Iberian Peninsula). During the last few years finfish farming has been 
developed in a number of Mediterranean locations in Spain with turbot, seabream and seabass 
as the most important species. Fish production from intensive mariculture was about 11,100 
tonnes in 2000.  In the last few years blue fin tuna production has increased. The production of 
tuna in 1990 was 31 tonnes while in 2000 it reached 3,400 tonnes. 
 



In 2000, Italian finfish production in marine waters exceeded 15,800 tonnes mainly due to 
seabream and seabass production. Mollusc production in 1999 was about 141,000. 
 
In Turkey fish mariculture has grown exponentially over the last few years. Production of marine 
fish from intensive mariculture increased to 25,500 tonnes in 2000, from 1750 tonnes production 
in 1992. 
 
A real evolution in mariculture has occurred also in Cyprus, where marine finfish production  
reached 1700 tonnes in the year 2000, while marine fish production in 1992 was only 70 tonnes. 
The main species cultivated are seabass and seabream.  Cyprus has a noticeable production 
level of Crustaceans, which in 2000 was 60 tonnes.  
 
Malta shows a similar picture to Cyprus. The production of fish from intensive culture has 
increased to more than 2000 tonnes in 2000, from 300 tonnes in 1992. 
 
Production from intensive and semi-intensive mariculture in Croatia shows no substantial 
increase in the last ten years.  Fish production, mainly seabass and seabream, was about 2,500 
tonnes in 1999, while in 1992 was 685 tonnes. A slight decrease in mollusc production occurred 
over the last few years, being less than 1,000 tonnes per year.  What is interesting in Croatia is 
the fast growth of tuna fish production, which started in 1998, with a production of 400 tonnes, 
while today the production has doubled. 
 
The only marine species produced until recently in Slovenia was that of mollusc with a 
production of about 50 tonnes.  Production of seabream and seabass has been established, 
since early 1990, with very low production. Today the production level is around 120 tonnes. 
 
Albania has no intensive mariculture. The only production is that of mollusc in brackish waters 
with a production reaching about 100 tonnes per year. 
 
Egypt has always been the main aquaculture producer in Africa with production of 73,500 
tonnes in 1997.  However, aquaculture production on the Mediterranean coast represents only 
the 12% of the total.  The most important marine species that are cultured are seabream and 
seabass. The average annual production during the years 1994 to 1997 was about 200 tonnes 
with an increase in 1999 to 940 tonnes.  
 
Morocco is a country where mariculture production shows a decrease the last few years.  In 
1992 production of intensive mariculture was about 200 tonnes. Production increased to 1200 
tonnes in 1996 but over the last 3-4 years it has dropped to less than 800 tonnes. 
 
Similar situations exist in Morocco and Tunisia, where intensive mariculture showed an increase 
in production in the years 1996-97, reaching 800 tonnes:  but dropped to about 300 tonnes in 
2000. 
 
There is no intensive mariculture in Algeria. The very low level of fish production of about 30 
tonnes (1999) and 20 tonnes of mollusc comes from extensive mariculture. 
 
In Israel intensive mariculture, is a recent activity on the Mediterranean coastline.  One of the 
existing seabream farms with a production of 200 tonnes in 2000 was completely destroyed due 
to bad weather conditions in early 2001. The only farm which is operates today in Israel has a 
production capacity of 50 tonnes. 
 
In Syria, Libya, Lebanon and Bosnia-Herzegovina there is no intensive mariculture.  
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CHAPTER 2:  WASTES/CONTAMINANTS INTO THE MARINE ENVIRONMENT 
 
The environmental load from marine fish farming is not a recent issue but it has been a subject 
of increasingly heated debate over the last few years. 
 
A perceived risk of pollution from fish farming in coastal waters relates to the generation of 
wastes (Gowen and Bradbury, 1987) and the release of chemotherapeutants  (ICES, 1994). It 
has further been argued that coastal aquaculture is potentially harmful to indigenous biota 
through disturbances of wildlife (Whilde, 1990, Beveridge et al, 1994), influence on the behavior 
of wild fish (Henrksson, 1991) and the genetic interaction between wild and farmed fish. 
 
The range and amount of waste contaminants from aquaculture is diversely being depended on 
the form of aquaculture activity. The distinction between extensive aquaculture (that relies upon 
the availability of natural food) and intensive aquaculture (that relies upon feeding the stock with 
processed diets) is useful when considering the inputs of aquaculture operation (Gowen et al, 
1990). 
 
It is obvious that intensive aquaculture results in large amounts of wastes/contaminants 
particularly nutrients, and this is undoubtedly a matter of concern for the Mediterranean for two 
reasons; 
 
- The Mediterranean is more “sensitive” to nutrient inputs, as the term “oligotrophic” has 
been widely used for its description (Azov, 1986, Vaque et al, 1997).  
 
- A new form of intensive aquaculture has arisen over the past 20 years due to 
mastery of the reproduction of marine fish, the development of research in formulated 
feeds, and the technological innovation enabling installation of very large units located 
mainly in the sea, where the Mediterranean microtidal regime reduces the potential for 
dilution and dispersion of nutrients especially in closed bays. 



2.1 Nutrients and Carbon enrichment 
 
Aquaculture can bring about enrichment of ecosystems by the release of metabolic waste 
products (faecal and excretory materials) and uneaten food into the marine environment. 
 
The fate of these materials is shown in Fig. 5.  In general the recipient of the organic waste is 
the sediment and the recipient for soluble waste is the water column, although as Fig. 5 shows 
there may be an exchange of material between the sediments and the water column. 
 
Fig. 5 The fate of waste material released from intensive fish farming (Gowen, et al, 1990.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Most mariculture of carnivorous species in the Mediterranean takes place in cages suspended in 
more or less open waters. This mean that dissolved components are released directly into the 
marine environment in a highly biologically active form. The dissolved products include 
ammonia, phosphorus and dissolved Organic Carbon (DOC). The DOC component contains 
fractions rich in Nitrogen (DON) and Phosphorus (DOP). 
 
2.1.1 The Nitrogen and Phosphorus budget of intensive fish farming 
 
There are a number of worldwide studies that have examined nitrogen and phosphorus inputs 
from intensive fish farming, but only few for the Mediterranean.  
 
Most of these studies are using the mass balance estimates based on feed usage and different 
species.  
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Hakanson et al, (1990) estimated the loads of Nitrogen and Phosphorus, based on the content 
of Nitrogen and Phosphorus in feed and its conversion ratio by salmon and trout with the 
following calculations: 
 

Load (N,P.): Feed conversion ratio x Feed  (N, P) - Fish (N, P)  
 
With a Feed Conversion Ratio of 2:1 and feed with 45% protein and 1.5% Phosphorus it was 
estimated that 100 kg of Nitrogen and 20 kg of Phosphorus are released into the marine 
environment with each tonne of fish produced.  The 67-80% of Nitrogen added to the cage 
system is lost to the environment (Hall et al, 1992). If it is assumed that Nitrogen content in feed 
is 8% and that retained by fish is 21%, it is estimated that 84kg to 100 kg of Nitrogen enter the 
marine environment per tonne of fish produced.  Conversion ratio is considered to be 2:1. A 
value which is similar to that estimated by Hakanson et al. 
 
In the marine environment Holby and Hall (1991) showed that the environmental losses of 
Phosphorus to be 19.4 to 22.4 kg per tonne of fish produced, 34-41% of which was released in 
dissolved form, with the remaining being lost in sedimentation. They estimated that 4-8% of the 
sediment Phosphorus returns to the water column per year.  
 
In a more recent survey Gowen et al (1997) estimated the nitrogen and phosphorus inputs from 
the seabream and seabass cage farming in Cyprus.  
 

 
 
Fig. 6 The mass balance model used to estimate soluble and organic waste output from each of 
the marine cage farms in Cyprus. (Gowen et al, 1997). 
 
To estimate waste output they used a mass balance model (Fig. 6). The model was derived 
from  (Hall et al, (1992) and Ackefors (1990) for Nitrogen and Phosphorus and from Hall et al 
(1990) for Carbon. A factor of (10%) for uneaten food was introduced as suggested by Gowen 
and Bradbury (1987). This is an approximate value, but does not appear unreasonable given the 
feed conversion ratio in Cyprus farms of 2.6 - 2.7. It should be noted that the above mass 
balance models are for the salmonid culture in northern European waters. It appears that these 
models can also used for warm water fish species (Baird and Muir, 1990) and are comparable 
with data derived from a gilthead sea bream farm (Dominguez et al, 1997). 
 



Estimated total annual (1996) inputs of soluble Nitrogen and Phosphorous were 77,100 kg and 
8,000 respectively i.e. 116 kg of Nitrogen and 12 kg of Phosphorus per tonne of fish produced.  
 
Estimates of N output are similar to those used in the report concerning the Environmental 
Impact of Aquaculture in Cyprus (Fisheries Department, 1997). There is however a difference in 
terms of P, which is lower than the values given in the report of the Department of Fisheries. 
One reason for this is that in the latter report it was assumed all phosphorus waste to be soluble.  
 
Katavic I., (1997) reported 96.5 kg of Nitrogen and 11 kg of Phosphorus annual inputs per tonne 
of seabass produced in cage farms (266 tonnes/y) in coastal waters of Croatia.  
 
The Nitrogen budget for the aerolated grouper, Epiniphelus areolatus, cultured both in laboratory 
and cage conditions has recently reported. (Leung et al, 1999. These workers attempted to 
balance the following equation:   C = G+M+E+F where, each term relates to a mass of 
Nitrogen, and: C is consumption, G is nitrogen retained for growth, M represents losses from 
mortality, E is excretory loss and F loss through faeces. For a fish farm, the budget is 
represented by: C= I-W where, I is the total input to the farm and W is the food wasted.  
 
Using a variety of techniques, Leung et al (1999) were able to quantify each of these terms 
either by direct measurement or by difference Fig. 7 shows the budget derived for cage farming 
of this species. 
  

Fig. 7 Nitrogen budget for aerolated grouper, Epiniphelus areolatus, in cage culture 
Leung et al, 1999. 
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2.1.2 Carbon inputs 
 
In intensive fish culture, fish faeces are lost to the environment along with the wastage from 
uneaten food (processed fish meal, trash fish). Processed fish food is composed of highly labile 
(digestible) mixture of protein, fat, carbohydrate and other minor components such as vitamins and 
pigment. As it is undigested, uneaten food has a much greater capacity (weight for weight) than 
faecal material to impact the environment both in terms of energy content and degradation rate.  
 
Several published studies have examined the total amount of particulates released to sediments 
from fish cages  (Hall et al., 1990, Ye et al, 1991, Findlay et al, 1995) Estimates of waste have 
varied between 29 and 71% of input carbon, depending on the year (Hall et al, 1990) and 78% of 
input carbon (Ye et al, 1991). 
 
In the mass balance model used by Gowen et al (1997) to estimate waste inputs from seabream 
and seabass cage farms in Cyprus, carbon input was considered to be 79%. Estimated annual 
waste output of particulate C for a production 663 tonnes of produced fish was 283 tons i.e. 427 kg 
per tonne of fish produced. Higher values were reported for seabream cage farms in Malta where 
he estimated annual waste output of particulate C for fish farms of 500 tons capacity to be 253.5 
tons i.e. 570 kg per tonne of fish produced (Grech P., 1999). 
 
2.1.3 Estimated Nitrogen (N), Phosphorus (P) and Carbons (C) loads 
 
The estimation of the loads of nutrients and carbon entering the marine environment and their 
trend of the last ten years was based on the following criteria, facts and data: 
 

• Main waste outputs come from intensive aquaculture and accurate estimates can be drawn 
only from intensive culture.  Estimated waste outputs in this study are related to intensive 
mariculture. 

 
• The Nitrogen (N) and Phosphorus (P) loads from semi–intensive mariculture are only 5% 

and 10% respectively of those from intensive culture. 
 

• Based on existing data (2.1.2 and 2.1.3) for Nitrogen (N), Phosphorus (P) and Carbon (C), 
the following values were used for the purpose of this study: 

 
110 kg Nitrogen (N) output per tonne of Fish produced  
12 kg Phosphorus (P)  “        “          “         “         “ 
450 kg Carbon  (C) “       “            “         “         “ 
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i. Nitrogen (N) 
 
Table 4 shows the estimated inputs of N, (t/y) from intensive mariculture by each country in the Mediterranean region for the years 1990-2000. 

Table 4 
              

              
              

       

Estimated inputs of Nitrogen (N), (t/y) from intensive 

mariculture in the Mediterranean region for the years 1990 - 2000 

YEAR CROATIA CYPRUS GREECE FRANCE ISRAEL ITALY MALTA MORROCO SLOVENIA SPAIN TUNISIA TURKEY TOTAL

1990 160 - 177 55 - 104 - 24 - 109 - - 629 

1991 38 - 272 110 - 162 - 37 - 134 32 - 785 

1992 75 8 664 174 - 215 33 64 1 204 22 197 1657 

1993 145 18 1045 260 - 321 66 73 2 266 53 198 2447 

1994 167 23 1499 416 - 360 99 126 8 270 68 220 3256 

1995 164 40 1954 435 - 580 143 132 6 350 43 950 4797 

1996 182 74 2530 340 - 657 170 134 8 542 61 990 5688 

1997 198 94 2805 413 - 805 198 97 10 482 88 1774 6964 

1998 248 119 3399 498 - 1113 214 82 11 884 40 2372 8980 

1999 268 149 5280 529 22 1292 220 82 11 1022 31 2717 11623 

2000 275 198 6424 570 22 1738 225 82 13 1221 32 2805 13605 
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As it is seen from Figure 8 the total inputs of Nitrogen in 2000 has increased by 25 times 
from that of 1990. Total Nitrogen input in 1990 was estimated to be about 630 tonnes while 
this was increased to 13600 tonnes for the year 2000. 
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Fig.8 Estimated loads of Nitrogen (N) from intensive 
mariculture for the years 1999 - 2000

 
 
 
 
 
 
 
 
 
 
 
 



The percentage contribution by each country to the total input of Nitrogen for the year 2000 is 
shown on Fig. 9. Greece shares 47% of the total input with Turkey to having about 20% of 
the total input, Italy having about 12% and Spain and France have about 9% and 4% 
respectively. The percentage contributions by the rest of the countries range from 0.09 to 
about 2%.  

Fig. 9.  % of the total Nitrogen (N) loads by country for the year 2000
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Table 5 

Estimated inputs of Phosphorus (P) (t/y) from intensive  
mariculture in the Mediterranean region for the years 1990 - 2000 

YEAR CROATIA CYPRUS GREECE FRANCE ISRAEL ITALY MALTA MORROCO SLOVENIA SPAIN TUNISIA TURKEY TOTAL

1990 18 - 19 6 - 11 - 3 - 12 - - 69 

1991 4 - 30 12 - 18 - 4 - 15 4 - 87 

1992 8 1 72 19 - 26 4 7 - 22 2 21 182 

1993 18 2 114 28 - 35 7 8 - 29 6 22 269 

1994 18 3 164 40 - 39 11 14 1 29 7 24 350 

1995 18 4 213 47 - 63 16 14 1 38 5 96 515 

1996 20 8 276 44 - 71 19 15 1 59 7 111 631 

1997 22 10 306 45 - 88 21 11 1 53 10 193 760 

1998 27 13 370 54 - 122 23 9 1 96 4 250 969 

1999 29 16 376 58 2 141 24 9 1 109 3 296 1065 

2000 30 22 701 62 2 189 25 9 1 133 3 306 1484 

 
 
 
 
 
 



ii.   Phosphorus  
 
Table 5 shows the estimated inputs of Phosphorus (t/y) from intensive mariculture in the 
Mediterranean region. 
 
Phosphorus input was estimated to be 69 tonnes in 1990 while this figure was increased to 
about 1500 tonnes for the year 2000 Fig. 10). 
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Fig. 10 Estimated loads of Phosphorus (t/y) from intensive 
mariculture in the Mediterranean for the years 1990 - 2000

 
 
The percentage contribution by the countries to the total inputs of Phosphorus for the year 
2000 is similar, as expected, with that of Nitrogen. (Fig. 11) 
 

Fig. 11 % of the total Phosphorus load by each country for the year 
2000
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iii. Carbon 
 
The estimated input of carbon for each country for the years 1990 to 2000 is shown Table 
6. In the year 2000 the estimated total carbon input was about 55,700 tonnes compared 
with the 2,600 tonnes for the year 1990 (Fig. 12). The percentage contribution by each 
country is similar to that of N and P.  (Fig. 13). 
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Fig. 12 Estimated loads of Carbon ( C) (t/y) from intensive mariculture 
in the Mediterranean for the years 1990 - 2000
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Estimated inputs of Carbon (C) (t/y) from intensive mariculture 
in the Mediterranean region for the years 1990 - 2000 

YEAR CROATIA CYPRUS GREECE FRANCE ISRAEL ITALY MALTA MORROCO SLOVENIA SPAIN TUNISIA TURKEY TOTAL

1990 673 -   723 225 - 427 - 98 - 447 - - 2593 
1991 156 -   1114 445 - 666 - 151 - 549 131 - 3212 
1992 308 32   2714 710 - 881 135 245 5 836 90 787 6743 
1993 596 76   4275 1062 - 1313 270 299 8 1088 217 810 10014 
1994 684 95   6133 1700 - 1462 406 518 34 1103 277 900 13312 
1995 670 159   7993 1781 - 2373 585 540 22 1433 177 3618 19351 
1996 747 304   10350 1635 - 2687 698 548 38 2219 248 4171 23645 
1997 810 379   11475 1691 - 3293 810 396 40 1974 360 7258 28486 
1998 1013 485   13905 2036 - 4556 877 334 46 3620 166 9706 36744 
1999 1098 610   21600 2164 90 5287 900 335 46 4918 126 11115 48289 
2000 1125 810   26280 2331 90 7110 922 337 54 4995 131 11475 55660 
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Fig. 13  Percentage (%) of the total Carbon load by each country for the year 2000
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As mariculture is a coastal activity, the inputs of N, P and C were estimated in terms of the 
coastline for each country. 
 
 
Table 7 and Fig. 14 show the inputs of N, P, and C per km of coastline. As it is seen Malta 
has the higher inputs per km coastline (with the others to be in the same range, (1000 to 
2000kg/y/km) with the exception of Tunisia and Morocco, which have lower inputs in this 
respect. 
 
 
 
 
 
 
 
 
 



Table 7 
Waste outputs from intensive mariculture t\y\km coastline for the year 2000. 

COUNTRIES Waste outputs per km coastline 

 Nitrogen (N) Phosphorus (P) Carbon (C) 

CYPRUS 0,253 0,028 1,037
CROATIA 0,048 0,005 0,197

GREECE 0,428 0,047 1,752

FRANCE 0,335 0,037 1,369

ITALY 0,219 0,024 0,894

MALTA 1,642 0,180 6,730

MORROCO 0,161 0,018 0,658

TUNISIA 0,025 0,002 0,101

SLOVENIA 0,287 0,033 1,174

SPAIN 0,473 0,052 1,936

TURKEY 0,540 0,058 2,210
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2.2 Chemicals used in the mariculture industry 
 
The chemicals used in coastal aquaculture include those associated with structural materials, 
soil and water treatments, antibacterial agents, other therapeutants, pesticides, feed 
additives, anesthetics and hormones.  
 
The above chemicals can be grouped into three categories (GESAMP, 1997). The first 
consists of aquaculture chemicals that pose an inherently high level of hazard and on this 
basis alone their use should be curtailed. The second category includes chemicals that can 
be used safely if standard precautions are followed, but pose a threat to the environment 
and/or human health if misused. The third category of chemicals, include those that may be 
environmentally benign under most situations but detrimental at specific sites because of the 
unique attributes of such sites. 
 
2.2.1 Chemicals and their applications 
 
There is no doubt that chemicals are used more in intensive mariculture as they are essential 
for increased and controlled production of seed in hatcheries, the control of pathogens and 
diseases and reduction of transport stress.  Chemical needs are minimal in extensive and 
semi-intensive culture methods.  
 
Many Mediterranean countries engaged in mariculture have few regulatory controls and/or 
little documentation used by the industry.   Even in countries that maintain a list of approved 
chemicals and control their use, had no drugs licensed for Mariculture (Silvert et al, 2001), 
and rarely have information on the quantities actually used. Consequently, the compilation of 
a complete and quantitative listing of mariculture chemicals used in the Mediterranean is at 
present impossible.  
 
In the literature, Alderman et al, (1994) is an important source of information for chemicals 
used in mariculture, while the ICES report (1990) on environmental impacts of mariculture 
provides information, on practices in the ICES countries. 
 
2.2.1a Chemicals associated with structural materials 
 
Structural materials, such as plastics, contain a wide range of additives including stabilizers 
(Fatty acid salts), pigments (chromates, cadmium soleplate), antioxidants (hindered phenols, 
UV absorbers (benzophenoles), flame-retardants (organophosphates), fungicides and 
disinfectants. Although some protection is provided by their low water solubility and slow rate 
of leaching and dilution, many of those compounds can have adverse effect on aquatic life at 
low levels of exposure. 
 
Antifoulants are used in coastal aquaculture on solid surfaces and on net and rope 
structures. They increase the intervals between the manual or mechanical washing of such 
materials. 
 
2.2.1b Soil and water treatments 
 
Alum (potassium – aluminium sulphate) is widely used on flocculants to reduce turbidity 
shrimp ponds. EDTA is added to larval rearing water in some shrimp hatcheries.   
 
2.2.1c Disinfectants 
 
Great quantities of disinfectants are used in intensive culture, particularly in finfish and 
shrimp hatcheries and grow out facilities. They are used in site and equipment preparation, 
to maintain hygiene throughout the production cycle and in some cases to treat diseases.  
There is little or no use in extensive systems.  The most commonly used disinfectants are 
chloramines.   



 
2.2.1d Antibacterial agents 
 
Antibacterial chemotherapy is applied in mariculture and particularly in intensive culture 
systems. Antibacterial agents are important in human and veterinary medicine. Thus their 
use in aquaculture may contribute to increased resistance and detrimental effects.  In most 
Mediterranean countries their use is controlled by drug licensing, supported by surveillance 
programmes to monitor compliance with limits on tissue residues. Since these are relatively 
new controls, their level of enforcement may vary in different countries. The most commonly 
used antibacterial agents are the following:  
 
¾ Nitrofurans. They have been used extensively in fish and shrimp farming although 

recently their use by European countries has declined as more active compounds have 
become available. 

¾ “Phenicols”: Two derivatives, the sulphonated tiamphenicol and the fluorinated 
florophenicol, have been developed for veterinary use and are in use in mariculture in a 
number of Mediterranean countries. 

¾ Tetracyclines: The member of this group in most common use is oxytetracycline. 
Oxytetracycline is probably the most widely used antibiotic in mariculture. Unfortunately 
resistance increases readily so that recently in many situations, treatment is ineffective 
(Capone et al, 1996, Smith, 1996). 

 
2.2.1e Pesticides  
 
The most commonly used are the organophosphates. 
 
- Dichlorvos is a widely used organophosphate pesticide applied to control 
ectoparasitic crustacean infections and infections in finfish culture. 
- Trichlorfon is also used as an ectoparaside in finfish culture and rapidly degrades to 
dichlorvos in water. Trichlorfon is the most effective treatment against monogeans infecting 
the gills of seabass and seabream. 
 
2.2.1f Feed additives 
 
The addition of additives to fish and crustacean feeds represent a non-intrusive and hence, 
stress-free method by which a variety of absorbable compounds may be delivered to culture 
stock. A recent development has been the successful delivery by dietary incorporation of 
artificial and natural pigments, vaccines and immunostimulants, to both fish and crustaceans.  
The most commonly used additives are: 
 
Astaxathin: Artificial coloration of flesh. Vitamin C (ascorbic acid) which is of wide spread 
use, reported to enhance disease resistance and to prevent deficiency syndromes in fish 
including lordosis, scoliosis and petechial hemorrhaging. 
 
Vitamin E: Widespread use. Reported to enhance disease resistance although contradictory 
evidence is available (Lall et al, 1988, Hardie et al, 1990). 
 
2.2.1g Anesthetics 
 
A number of anesthetic agents have been used in mariculture to assist immobilization of 
brood animals during egg and milt stripping. Anesthetics are also extensively used to sedate 
and calm animals during transportation. The most commonly used anesthetics are: 
 

• Benzocaine: Widespread use. Applied during egg and milt stripping and for 
transportation purposes. 

• Quinaldine: Common use employed for the transport and handing of fish. 
• Tricaine methanesalphonate (MS222): Used worldwide. Low persistence in the 

aquatic environment.  
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CHAPTER 3: IMPACTS 
 
3.1. Impacts on the marine environment 
 
 
The environmental impact of marine fish farming depends very much on species, culture 
method, stocking density, feed type, and hydrography of the site and husbandry practices. 
 
In many instances there is little direct evidence of an impact and in such cases the impact 
must be regarded as potential, since the threat to the environment is derived from our current 
understanding of ecology or more broadly based on direct comparison with known effects of 
the farms, of agriculture and industry. However, it should be pointed out that a lack of 
scientific validation of a perceived impact does not reduce its potential importance (Gowen et 
al, 1990). 
 
The possible environmental impacts of aquaculture activities in the coastal environment are 
shown in Table 8. (Chua, T.E., 1992) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



TABLE 8 
Possible environmental impacts of aquaculture activities in the coastal environment 

 
Aquaculture inputs/activities 

Environmental impact Cultured 
organism 

Feeds Drugs Pesticides Hormone/
growth 

promoter 

Faecal 
wastes 

Siting 
physical 
structure 

Exotic 
species 

Ground 
water  

extraction 

Antifouling 
compounds 

& 
plastic 

additives 

Water enrichment - z - - - z - - - -
Marine food web z z 0 0 - z - 0 - 0
Oxygen consumption z z - - - z - 0 - -
Mangrove habitat destruction - - - - - - z - - -
Biodiversity - z z z 0 0 - z - 0
Bio fouling - - - - - - z - - z
Changes in benthic - 0 z 0 - 0 - 0 - 0
Antibiotic resistance - - z - - - - - -
Salinization of aquifers - - - - - - z - z -
Acidification of soil - 0 - - - z z - - -
Land subsidence - - - - - - z - z -
Wildlife - - - - - - 0 - - -
Salinizafion of agriculture - - - - - - z - 0 -
Hardening of seabed - z - - - z - - - -
Growth of undesirable - z - - - z - - - 0
Eutrophication - z - - - z - - - -
Toxicity to marine animals - - - - - - - - - z
zSignificant impacts. O— Likely impacts. -—No relationship. 
(Chua, 1992). 
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The fish farm industry in the Mediterranean has grown at its most exponential rate during the 
last 10 years (Chapter 1). Although a large proportion of the available information on the 
impacts of salmonids culture may be applicable to the Mediterranean, there are differences in 
the characteristics of main species, bream and bass cultivated in the Mediterranean and main 
features of the ecosystems (Karakassis, 2001), which should be taken into consideration, 
particularly when examining the impacts from nutrients. 
 
Mediterranean marine ecosystems present an idiosyncratic combination of characteristics, 
which make them very different from north European conditions. These differences listed 
below, affect both the fish farming industry and the ecological processes as they determine the 
fate of wastes. 
 
¾ High temperatures (annual minimum of 12oC, reaching up to 25oC during summer) include 

high metabolic rates, thus affecting both the production of the farm fish and the activity of 
microbial communities.  

¾ The microtidal regime (tidal range is typically less than 50cm) reduces the potential for 
dilution and dispersion of solute and particulate wastes, especially in enclosed bays 
where wind driven currents are relatively weak. 

¾ Oligotrophy: low nutrient, low primary production and low phytoplankton biomass are 
typical of most Mediterranean marine ecosystems, particularly in the eastern basin 
(Bethoux, 1981, Azov, 1986). Low phytoplankton biomass induces high transparency of 
the water and light penetration deeper in the water column (Ignatiades, 1998) thus 
allowing photosynthesis at a greater depth. 

¾ Primary production is considered to be phosphorus limited (Krom et al, 1991) as opposed 
to nitrogen limitation in the Atlantic and in most of the world’s oceans. In this context, 
eutrophication could be expected only when phosphate is released in adequate quantities. 

¾ The biotic component of the ecosystems i.e. the fauna and flora is highly diverse 
particularly in the coastal zone and consists of a large proportion of endemic species 
(Tortonnese 1985, Fredj et al., 1992) as a result of the dynamic geological past of the 
Mediterranean. They are of low abundance and biomass as a result of the prevailing 
oligotrophic conditions (Karakassis and Eleftheriou, 1997). 

¾ Finally, the morphology of coastal bays where most of mariculture is practiced is also very 
different from that of Scottish lochs and Norwegian fiords. They are typically not 
associated with permanent fresh water supply.  

 
3.1.1. Enrichment 
 
Assessing the impacts from nutrients environment, the distinction between extensive and 
intensive aquaculture is very useful as extensive aquaculture relies upon the availability of 
natural food, while intensive aquaculture on artificial feeds. 
 
In the Mediterranean mariculture is more than necessary. It is a fact that intensive culture 
production in the Mediterranean has been increased by 20 times the last ten years, while 
production of extensive mariculture has only slightly increased.  
 
3.1.1a Enrichment of marine ecosystems 
 
It has been argued that the quantities of Phosphorus and Nitrogen released from aquaculture 
operations are small relative to the total discharges from human activity. The estimated loads 
of Phosphorus and Nitrogen to the Mediterranean Sea from agriculture were 976,000 (t/y) and 
1,570,000 (t/y) respectively (Izzo, 2001). In the same study the loads of Phosphorus and 
Nitrogen from aquaculture were reported to be 394 t/y and 8,678 t/y respectively. Estimated 
loads of Phosphorus and Nitrogen for the year 2000 from intensive mariculture in this study 
were 1484 (t/y) and 13,600 (t/y) respectively. 
 
However, discharge from intensive mariculture often represents a localized, point source 
discharge of waste into unpolluted, oligotrophic (nutrient poor) waters and such one impact 



could be significant. Large proportion of Nitrogen and Phosphorus are released in solute form 
into the water column (Holby and Hall 1991, Hall et al, 1992). 
 
Thus the discharge of dissolved inorganic Nitrogen (ammonia Nitrate and Nitrite) and 
Phosphorus from intensive mariculture (cage and land-based fish farming and land-based 
farming of crustacean could lead to eutrophication. 
 
Furthermore, the pattern of nutrient release presents a significant deviation from the natural 
fluctuation of nutrient concentrations in the water column (Pitta et al., 1999). In temperate 
regions, for example, the Mediterranean phytoplankton presents seasonal maximum growth 
during spring and autumn as a result of nutrient availability due to mixing and other physical 
process as well as adequate light conditions. By contrast, the released of nutrients by fish 
farms is a continuous process throughout the year, reaching maximal values during summer 
when high water temperature imposes the need for higher feeding rates. 
 
Despite the rapidly expanding marine fish culture industry very little information has been 
published regarding the impacts from nutrients in the Mediterranean. 
 
A seasonal survey of the water column characteristics (physical, chemical and biological) was 
carried out in three Mediterranean farms (Pitta et al., 1999). A significant increase in 
concentration of phosphate and ammonium was detected within the cages but without 
significant effect on chlorophyll concentration. Analysis of variation within the data set 
identified location and season as the major factors of variability in most of the variables 
examined except phosphate and ammonium for which variability induced by fish farming 
seemed to be of major importance.  
 
Plankton abundance for the major groups, micro plankton species diversity and community 
structure were also determined by the effects of season and location rather than by fish 
farming. 
 
Similar data was obtained in a series of baseline studies conducted for the main fish farms in 
Cyprus (Andronikou and Apostolidou, 2001). In three farms of capacity range from 200 to 300 
tonnes of fish, there were not significant differences in chlorophyll and other phaeopigments 
concentration neither in the control nor in the stations close to the farms. 
 
Beveridge (1996) reviewed a wide range of information sources including papers and technical 
reports and concluded that in marine waters, several studies have failed to established a 
relationship between nutrient concentrations and phytoplankton growth. 
 
The inconsistency between nutrient enrichment and the lack of a significant increase in 
chlorophyll may attribute to the limited utilization of the excretory wastes due to rapid flashing 
time, so that phytoplankton are not present long enough to capitalize on the high production of 
nutrients as has also been suggested by Gowen et al (1987). Mesocosm experiments in the 
Eastern Mediterranean (Pitta, 1996) have shown that there is a time delay of 3 to 8 days 
(depending on season) between nutrient enrichment and the peak of phytoplankton biomass. 
 
3.1.1b Benthic enrichment 
 
The general picture emerging from of the existing studies indicates that the impact from 
intensive culture is on the seabed and that the most widely known effect is benthic enrichment 
beneath the sea farms. The existing studies for the Mediterranean, although small in number, 
have covered, the different Mediterranean areas. Delgado et al (1999) studied the effects of 
fish farming on a seagrass (Posidonia oceanica) meadow at Fornells Bay, Minorca (Balearic 
Islands, Spain). Changes in plant and meadow features (e.g. shoot morphology, shoot density 
and biomass) were observed in the stations closest to the fish cages. The same picture 
appeared in an inshore seabass cage farm in Croatia, producing around 200 t/y, over almost 
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15 years. The well-developed Posidonia oceanica beds have almost disappeared beneath the 
cages and they were in regression in the entire bay (Katavic I. and Antolic, 1999). 
 
A seasonal survey combining sediment geochemistry and macro fauna was carried out in 
three fish farms in Greece (Cephalonia, Ithaki and Sounion), situated at a depth of 20-30m, in 
areas with different types of substratum and with varying intensity of water currents 
(Karakassis et al., 2000). The results of this study indicated that the impacts of fish farming on 
the benthos in the Mediterranean could vary considerably depending on the specific 
characteristics of the farming site. At the sampling stations under and near the cages, redox 
potential was found to decrease but reached negative values only out the silt site. The organic 
Carbon and Nitrogen content of the sediment near the cages was found to increase by 1.5 to 5 
times and ATP content by 4 to 28 times. No azoic zone was encountered in any of the 
stations, but the macro faunal community was affected at as distance of up to 25m from the 
edge of the cages.  At the coarse sediment sites abundance and biomass increased by more 
than 10 times and at all sites diversity indicated that the ecotone was in the vicinity of 25m 
from the cages. 
 
In the eastern Mediterranean, environmental impact studies on three fish cage farms, in 
Cyprus situated at depth of 25 to 30 meters show that the areas below the cages displayed a 
gradient of biotic enrichment being reflected in changes of macro fauna diversity and 
abundance (Adronikou, and Apostolidou, 2001). 
 
The result of a study on benthic communities of soft bottom has shown that they have been 
subjected to environmental disturbances by floating cages situated in the Gulf of Olbia, 
northeastern Sardinia, as reported by Martinelli M. et al., (1995). The zoobenthos appears to 
be sharply modified in the area below the cages; the community was sharply dominated by 
Capitella capitata, a species typical of organic enriched and polluted bottoms. 
 
The environmental impacts of extensive and semi-intensive mariculture is difficult to evaluate 
since the incorrect balance between available foods, food supplement and fish yield could 
result in either impoverishment or enrichment. 
 
However a number of studies describing the impact from these activities have published. 
 
Bivalve cultivation can be broadly spilt into three main processes (1) seed collection, (2) seed 
nursery and on-growing, (3) harvesting. A growing number of studies of the ecological effects 
of mechanical collecting devices have demonstrated direct mortality on non-target species and 
the distraction of suitable settlement substrata and habitats (Kaiser, M. et al, 1998). 
 
The impact of suspended oyster culture on oxygen and nutrient fluxes has been studied in situ 
in a coastal lagoon (Thau, France) Ammonia and Nitrates were released into the water column 
at rate of 11,823 m-1 h-1. Phosphate released was low (Mazouni, N. et al., 1998). Another 
study for the same lagoon (Casabianca, M. et al., 1999) it was concluded that maximal 
shellfish farming results to the growth of red macro algae, especially, Gaillardia. 
 
Sdrigotti et al., 1999, reported that the diatom community living at the water-sediment interface 
has been influenced, by the presence of suspended mussels culture in the Gulf of Trieste Italy. 
 
One of the main causes of outspreading of dystrophic conditions which endanger the Marsala 
Sound (Italy) is the aquaculture plant constructed near the northern mouth at the beginning of 
the eighties (Giani et al, 1999). 
 
The Comacchlo Lagoon system (Northern Adriatic Sea, is still recovering after the intensive 
farming of eel and fish has stopped in 1992. The increased release of organic matter from fish 
farming resulted in a bloom of Cyanobacteria and an almost imination of eukaryotes at both 
the planktonic and benthic level (Crema et al., 2000). 
 



3.1.2 Impacts from used chemicals 
 
Evaluation of environmental impacts of the chemicals used in a mariculture must be based on 
the following issues; 
 
- Their fate and persistence in the marine environment and their longevity in animal tissues 

and 
- The development of transfer of resistance in microbial communities. 
 
Many mariculture chemicals degrade rapidly in aquatic systems. For example formalin, has a 
half-life in water of 36 hours (Katz, 1989). The half-life of dichlorvos is in the range of 100-200 
hours (Samuelsen, 1987).  
 
With oxytetracycline in seawater it has been established that its gradation proceeds rabidly 
(Samuelsen, 1989). 
 
However, most oxytetracycline become bound to particulates and is deposited at the bottom of 
(or beneath) the fish farm cage sites. Within the sediments, oxytetracycline may remain in 
concentrations capable of causing antibacterial effects for 12 weeks after the cessation of 
treatment (Jacobsen and Berglind, 1988). In anoxic fish-farm sediments the compound may 
be very persistent (up to 419 days). However, this was not biologically available in this case 
(Bjoerklund et al., 1990). 
 
Salmon net – cage culturists, in the USA use oxytertacycline and to a lesser extent Romet 

and amoxycillin to prevent or treat bacterial disease. Capone et al (1996) examined the fate of 
these chemicals in three farm sites. The area of sediments containing measurable 
oxytetracycline residues was very localized, with residues defactable only under the cages 
and to distance of 30 meters. 
 
Crabs and oysters from the over surrounding the farm area were collected. No more than 
trace oxytetracycline residues were found in oysters, but about half of the rock crabs collected 
under the cages during and within 12 days after the treatment contained oxytetracycline in 
meat at concentrations of 0.8 to 3.8 mgg-1. 
 
Oxytetracycline concentration was determined in samples of blue mussels collected in the 
vicinity of Atlantic salmon farms during and after the treatment (Coyne et al, 1997). 
 
Although oxytetracycline is the most commonly used antibiotic in seabream and seabass cage 
culture, there are no reports for its fate for the Mediterranean.  
 
Toxicological effects of non-target species may be associated with the use of chemicals. 
Among the pesticides that may have toxicological effects on the surrounding invertebrate 
fauna are the organophosphates ectoparasites. Organophosphates bath treatments result in 
the release into the surrounding waters of significant quantities of toxic material liable to affect 
crustaceans particularly larval stages (Egidius and Moster, 1987). The use of carbaryl 
pesticides to eliminate burrowing shrimp from oyster beds in the North-Western United States 
results in the unintended mortality of Dungeness crab, a commercially explored species 
(WDF/WDOE, 1985). 
 
The environmental effects of pigments and vitamins are poorly known. Biotin has been shown 
to simulate growth of certain phytoplankton species and is implicated in the toxicity of the 
dinoflage Mate Cymnodinium aureoles (Growen and Bradbury, 1987). Vitamin B12 has been 
shown to be one of the growth-promoting factors of the alga Chrysochromulina polylepis and 
the dinoflagellate, Heterosigma alashivo (Graneli et al., 1993, Honjo, 1993). 
 
Indiscriminate use of drugs, especially antibiotics to control or prevent fish diseases in coastal 
fish farms has shown that some native aquatic microbial communities develop antibiotic 
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resistance (GESAMP, 1991) and the possibility of transfer resistance to human pathogen has 
also raised concern, (Aoki, 1989, Dixon, 1991). 
 
The development of resistant bacteria population in the sediment has been documented. For 
example, up to 100% of oxytetracycline resistant bacteria have been recorded from marine 
sediments near fish farms after medication and resistance persisted for more than 13 months 
afterwards (Torsvik et al., 1988, Samuelsen et al., 1992). 

  
3.1.3 Interaction between escaped farmed stock and wild species 
 
The rapid development of marine cage farming of salmonids has raised concerns about the 
impact of escaped fish on natural populations. There are a number of studies (McGinnity 
1997, Hutchinson, 1997) with reference to the possible genetic impact of escaped cultured 
Atlantic salmon on native populations. The demonstration that farmed and hybrid progeny can 
survive in the wild to the smolt stage, indicates that escaped farmed fish can perhaps produce 
long-term genetic changes in the natural population. There is however insufficient available 
information to judge whether this interaction is a serious ecological impact.  Some countries 
have initiated studies to address this issue and in recognition of the potential problem Norway 
prohibits the sitting of salmon farms within 30km of important salmon rivers. 
 
Regarding the Mediterranean region this problem has drawn none or little attention. It seems 
that the tremendous increase of cage farming in the Mediterranean, along with the fact that the 
number of escapes can be large, is an issue to be considered. Frequency analysis of the 
damages of Greek mariculture Industry during the period 1986-1994, (Report on SELAM, 
Network, Montpelier – France, 1995) showed that lost of 70 cages, with loses valued of 1.76 
million US$ which in terms of production is about 3000 tons of fish, was due to bad climatic 
conditions. Very recently, February 2001, the full production of cage farm in Israel about 200 
tonnes was lost to the open sea due to very bad weather conditions, while in December 2001, 
due to extreme weather conditions, tonnes of fish, were escaped in open sea environment in 
Cyprus. 
 
3.1.4 Introduction and transfers 
 
A number of fish, invertebrate and seaweed species have been transferred or introduced from 
one region to another for aquaculture purposes. A distinction has been made between the two 
kinds of movements, which differ in their purpose, and potential effect (Welcomme, 1988) 
 
Transfers take place within the same geographical range of a species and are intended to 
support stressed population, enhance genetic characteristics or re-establish a species that has 
failed locally. Introductions are movements beyond the geographical range of a species and 
are intended to insert totally new taxa into flora and fauna. 
 
The problem associated with transfers and introductions have been well studied and recorded 
(Rosenthal, 1976, Welcomme, 1988, Munro, 1988, Turner, 1988). This movement can pose 
risks to human health the integrity of ecosystem, aquaculture and related primary industries. 
 
Example of the type of disease problem which have arisen in the past from such movements 
are illustrated by the transfer of salmon molts from Sweden to Norway and Finland and of 
Japanese oysters (Crassotrea gigas) to France (Murno, 1988). 
 
 
 
 
 
 
 
 



3.2 Human health impacts 
 
The major public health concern associated with mariculture is the consumption of products 
raised in unhygienic conditions. Many fish farms located near the coast are often 
contaminated with human pathogens (e.g. bacteria and viruses). Some of these pathogen 
belong to such genera as Salmonella, Shigella, Vibrio and Escherichia.  
 
Many outbreaks of human diseases are associated with the consumption of fish products that 
are raw or well cooked. For example typhoid fever, cholera, dysentery and Hepatitis-A have 
been associated with consumption of bivalve Anadara gramosa, grown in coastal mudflats in 
pensicula Malaysia facing the strait of Malacca (ADB / NACA, 1991). 
 
It was clear from the result of major cholera epidemic in Italy during 1973 that contaminated 
mollusc could be effective vectors of Vibrio cholerae (Baine, 1974). The cholera epidemic in 
Naples, the coastal regions of Campania and Puglia and in Sardinia resulted in 278 confirmed 
cases. 
 
Although such episode has not been reported since then in the Mediterranean, Naples-type 
out breaks could occur anywhere, especially as El Tor cholera is pandemic and airline travel 
permits the rapid dissemination of pathogens through susceptible populations. It has been 
estimated that human cholera patient may excrete 103 organisms/day. These organisms could 
contaminate shellfish beds via improperly treated sewage (GESAMP, 1991). 
 
The occurrence of toxic species of phytoplankton represents of a considerable threat to the 
economic sustainability of coastal aquaculture development in many countries. A relatively 
small number of algal species produce a range of toxins. Human illness and death have 
resulted from the consumption of phycotoxin-contaminated shellfish during red-tide (toxic algal 
blooms) outbreaks (Hallegraeff and Maclean, 1989, Shumway, 1990). 
 
Several toxins are responsible for paralytic shellfish poisoning (PSP) (Sullivan, 1988), which is 
perhaps the most well documented group of phycotoxins. The toxins produced by several 
dinoflagellates, including Alexandrium tamarense, Gymnodinium catenatum and Pyrodinium 
bahamense. 
 
Human illness has also been attributed to the consumption of fish containing saxitoxin. There 
is however, no evidence of human illness as a result of consumption of farmed fish containing 
phycotoxins.  
 
A group of toxins are responsible for diarrheic shellfish poisoning (DSP). Diarrheic shellfish 
poisoning which is caused by another group of dinoflagellates (Dinophysis and Procentrum) 
has been reported in many parts of the world. 
 
Amnesic shellfish poisoning (ASP) recorded for the first time 1987 in eastern Canada 
(Bernoth, 1990) affects the nervous system. The chemical compound for ASP is domoic acid a 
neuroexcitatory amino acid produced by the pennate diatom Nitzschia pungens. 
 
In some coastal regions the occurrence of toxic species and toxicity in bivalves is almost an 
annual event and this has necessitated the establishment of extensive programmes to monitor 
bivalve stocks. Most European countries have routine monitoring programmes for PSP and 
DSP.   
 
The wide application of drugs (antibiotics and other chemicals) in intensive fish farming can 
pose healthy hazards from drug residue in produce destined for human consumption. In 
Taiwan, 8% of eels and 3% of shrimp (Penaeus japonicus) have measurable amounts of drug 
residues (ADB/NACA, 1991). 
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While therapeutant residues resulting from aquaculture treatments may not appear to be so 
significant a hazard to human health considering the extremely small number of cases 
reported, producers must be alert to the significant public concern created by potential 
residues (Armstrong, 1997). 
 
There is potential for some compounds used in mariculture to pose health risks to site 
workers. Some chemicals such as organophosphates must be handled with respect especially 
those in concentrate form. If proper health and safety precautions for handling aquacultural 
compounds presenting significant health risk to humans are enforced, the operators’ risk will 
be minimized. 
 
Increasing attention, particularly in the developed Mediterranean countries, has been given to 
assuring food safety in the consumer. Legislative and institutional measures have been 
developed to provide food that is hygienic and free of pathogens and contaminant substances 
that could cause ill health. 
 
Issues such as BSE (Bovine Spongiform Encephalitis), popularly known as Mad Cow Disease 
and dioxin contamination have contributed to higher public awareness of this topic. However 
both of these issues have an additional dimension that of the procedures used in farming. In 
these examples, the very nature of the components of the feeds has been highlighted, raising 
doubts as to the viability of the materials used and to the integrity of livestock feed 
manufacture. 
 
Additional complex issues are entering the debate nowadays, for example, the potential use of 
genetically modified feed materials and fish and is being discussed and questioned by many 
different interests (Hough C., 2000). 
 
3.3 Socio-economic considerations 
 
The over-rabid development of Mediterranean mariculture, with undoubtedly success, has 
been tarnished by a number of socio-economic problems; like the market availability, suitable 
sites, the quality and quantity of inputs and disease. 
 
3.3.1 The market 
 
The market for aquaculture products experiences two sometimes-parallel constraints:  
competition from fishing and overproduction. 
 
The production from fishing is characterized by irregular market availability, which results in 
fluctuations that cause major problems for fish farmers. Certain types of mariculture may enter 
into conflict with fishing industry development, as they include stocking with young fish 
harvested from natural sources. Such is the situation for mullet in Egypt and eels in France 
where the harvesting of juveniles worries fishermen from other Mediterranean countries. 
Similar problems were reported in, Malta and Israel (FAO, Fisheries Report No. 606, 1999). 
 
Another related issue to the above, which is of real concern, is the newly developed tuna 
farming in the Mediterranean. 
 
The last few years massive expansion in tuna farming, reaching nowadays a production of about 
11.000 tonnes, threatens to decimate the already over-fished wild tuna in the Mediterranean as 
only fish captured in the wild is used for this activity. It is worth mentioning here what Dr. 
Simons Cripps, Director of WWF´s Endangered Seas Programme, said on the matter. 
 
The highly migratory blue-fin tuna is already by direct fishing in the Mediterranean. This so-
called tuna farming avoids every regional and international rule set-up to conserve and manage 
the fishery. Governments must urgently take action to close yet another loophole within 
European fisheries management and step-up controls on this growing practice while there is 
still time. 



 
 
3.3.2 Overproduction 
 
Overproduction is often a temporary phenomenon, linked to deficiencies in forecasting, in the 
organization of production and in commercial policy. 
 
In the case of seabass and seabream, “overproduction” seems to lead to the drop of the price 
of the final product (Fig. 15) (Christofilogianis, P. 2000). 
 

Fig. 15 

 
(Cristofilogianis, 2001). 
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3.1.3 Availability of suitable sites 
 
This constraint is the most critical for the Mediterranean mariculture, which is now competing 
for suitable sites with other growing, sometimes incompatible activities, such as tourism, urban 
development, transport, nature reserves and agriculture. Thus valuable sites have been lost 
over the past 30 years, as in the case for most sheltered bays (Toulon, Bizerte, Tarento etc). 
 
3.1.4 Pathological factors 
 
The growth of farms and their intensification have been associated with appearance of 
pathological conditions and major epizootic diseases. Fortunately these phenomena are rare 
and belong to the past. An example is the disappearance of Portuguese oysters from all 
French coasts over a three year period; the infestation of that oysters by two protozoans, had 
reduced the French production from 15,000 tonnes to 1500 tonnes during the early 1980’s.  
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CHAPTER 4: PROPOSED INTERVENTIONS (MANAGEMENT, LEGAL AND 
ADMINISTRATIVE) TO THE MAJOR PROBLEMS AND ISSUES 
IDENTIFIED 

 
A. AT NATIONAL LEVEL 
 
4.1 Intervention to environmental impacts 
 
The environmental impacts which are analyzed in Chapter 3, can be summed up as follows: 
 
- Hypernutrification and Eutrophication 
- Benthic enrichment  
- Chemicals and chemotherapeutants  
- Species introduction and genetic loss 
- Direct impact on wildlife. 
 
In order to propose interventions and solutions to these impacts, it is necessary first to assess 
their significance and secondly to consider the spatial and temporal scales of processes 
creating these impacts. 
 
Karakassis, 2001 provides the spatial and temporal scales of process affected or related to 
mariculture (Table 9). 
 

Table 9 
Spatial and temporal scales of processes affected by or related to mariculture. 

 
Impact Spatial scale Time scale 

Diel nutrient increase in (P + N) 
concentrations  

10 –1 00 of m 
 

hours 
 

 
Thickness of farm sediment  

cm   weeks – months 

Distance of anoxic area                                
around cages 
 

5 – 50m months 

Recolonization of anoxic sediments by 
microfauna            
 

m 
 
 

 
years 
 

Residence time of antibiotics in wild 
species  

km days 

Propagation of microbial strains resistant 
to antibiotics or introduced parasites 

10 – 100 km 2 – 10 years 

Replacement of biota by introduced 
species          
 

depending on motility 
and larval 
propagation 

depending on life cycle 

Modification of gene pool of wild stocks 
 
 

10 – 100 km several generations 
(> 10 years) 

 
(Karakassis, J 2001). 
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4.1.1 Technological interventions 
 
Impairment in technology and management practices could assist in minimizing the general 
effects of mariculture on the environment as well as in avoiding specific impacts. 
 
At present in most of the fish farms diets are used with phosphorus content of 1.4% and the 
reported feed conversion ratio is high (2.2 to 2.7, Cyprus, Malta, Croatia, Greece), although it 
is acknowledged that these ratios may be artificial because of the loss of fish when cages are 
damaged. It is suggested that improvements in management should aim at reducing the feed 
conversion ratio. Improved feed conversion ratios will reduce cost, the level of organic 
enrichment directly beneath the farms since this is largely the result of the deposition on 
uneaten feed. 
 
The industry should also improve feeding strategies and should also investigate the use of low 
Phosphorus diets. 
 
A related issue of concern is the recent culture of tuna fish in Spain and Croatia. The feed 
used in these farms are trash fish (mainly sardines). It is known in this case that the 
percentage of feed wastage is 50% and therefore the pollutant loading. It is recommended that 
alternative diets should be employed for this type of culture, otherwise possible further 
expansion of tuna culture will create serious ecological problems. 
 
Specific technologies based on the use of marine organisms such as biological filters to 
reduce mariculture (land-based) wastes are recommended. Such technologies involve the 
culture of mussels for the reduction of particulate material (Kautsky and Folke, 1989) or the 
use of Ulva sp for the reduction of dissolved nutrients released into the water column (Cohen 
and Neori, 1991, Krom et al, 1995). 
 
In respect of antifouling agents, the use of new environmentally benign antifouling agents will 
reduce the introduction of metals like copper and zinc into the marine environment and so their 
toxic consequences. The replacement of antibiotics by vaccines (Braaten, 1992) should be 
further expanded. Geographical information system and satellite remote sensing could be also 
useful tools for site selection for the development of mariculture (Ross et al, 1993). 
 
4.1.2 Policy and regulation interventions 
 
Site selection is an important process for the sustainable development of mariculture with 
minimum environmental consequences and therefore there is an increasing effort in 
developing general or region-specific criteria (Munday et al, 1992, PAP/RAC, 1996, GESAMP, 
2001). Monitoring of the impacts has been considered as a necessity (Munday et al., 1992, 
Rosental, 1994, Wu, 1995) and specific protocols to monitor ecological impacts have been 
proposed by GESAMP (1996). Firstly, it is necessary to define objectives and standards in 
order to evaluate and limit ecological changes in a logical and transparent manner, and then to 
elaborate a monitoring protocol with the variables to be monitored. These variables among 
others will include sediment chemistry, benthic biota and water chemistry. 
 
The concept of self-monitoring should be considered as most of the monitoring programmes at 
present (with the exception of Greece) are carried out by the competent authorities. 
 
Another basic regulatory instrument is the application of environmental impact assessment 
studies. In most of the Mediterranean countries there are provisions for an EIA, either in EIA 
legal framework or as part of licensing procedures (FAO, 1999). The existing EIAs are 
however too broad and cover almost every kind of construction. In the particular case of 
mariculture the purpose of the EIA should be the evaluation of the likely effects from 
development or increased production. This could only be achieved through the use of 
validated models and the evaluation of base line data. 



 
Aquaculture policies, administration and legislation are very diverse throughout the 
Mediterranean with lack of specific aquaculture policy in most areas (except Cataluna, Greece 
and France). There is also a  lack of centralized administrative framework (except in Spain 
and overlapping between authorities). 
 
Uniformity in regulation on a regional scale is important for sustainability of mariculture, both in 
terms of effectiveness and in relation to ecological consequences. Legal restrictions and 
monitoring obligations could increase the production cost locally. In particular, regionally 
important issues such as species introduction and restriction in the use of antibiotics should be 
subjected to uniform regional regulations and monitored with equal efficiency region-wide, 
since the preventing system in this case is as efficient as its less efficient component.  
 
4.2 Interventions to human health impacts 
 
Human health impacts caused from the consumption of contaminated fish food are nearly 
always related to the environment quality where the aquaculture products are produced. 
 
Two aspects are identified where measures and interventions should be exercised in this 
respect namely the quality of the environment where the mariculture takes place and the 
safety of food products from mariculture. 
 
4.2.1 Quality of the aquaculture environment 
 
As the main source of pathogen organisms (bacteria, viruses) and nutrients, is the domestic 
sewage and that of bioaccumulating toxic substances are the industrial effluents, the following 
measures are proposed: 
 
- Promotion of treatment (primary and secondary) of municipal sewage prior to its 

discharge to estuaries and coastal areas. 
 
- Disinfections of treated sewage effluent to be discharged in the marine environment. 
 
- Reduction of the emissions and discharges of bioaccumulative toxic substances from the 

industry sector, into marine environment, which is allocated for mariculture. 
 
- Promotion of controls over anthropogenic inputs of nitrogen and phosphorus that enter the 

coastal waters where eutrophication can be expected. 
 
- Monitoring, particular microbial monitoring of the waters in the vicinity of effluent discharge 

points. 
 
- Application of the EC Directive for the protection of waters in shellfish growing areas. This 

Directive is mandatory for Mediterranean member countries of the E.U. while a number of 
other Mediterranean countries have been introduced these provisions in their national 
legislation. 

 
4.2.2 Safety of food products from mariculture 
 
Today’s awareness of public health concepts of prevention and control of food-born diseases 
by consumers has diminished health hazard risks. However, a number of preventive measures 
could restrict these risks even further. 
 
- Promotion of policies for the minimum application of chemotherapeutants in mariculture. 
 
- Strict controls on chemical residues in fish food. 
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- Adherence to the provisions in the Codex Commission document: Draft Code of Hygiene 
Practice for the Products of Aquaculture (FAO, 1996). 

 
- The application of the HACCP (Hazard Analysis Critical Control Point) system should be 

considered. This system is applied from production to consumption and offers a 
systematic sequential approach to the control of food-born hazards avoiding the many 
weaknesses inherent in the traditional inspection approach. 

 
It may not be difficult to apply the HACCP based system to large-scale commercial mariculture 
ventures.  However, in small-scale subsidence mariculture systems, where fish are mainly 
farmed for domestic consumption under minimal inputs, knowledge and application of an 
effective HACCP based system will pose considerable difficulties. 
 
4.3 Interventions for socio-economic problems 
 
There are two major socio-economic issues of concern in Mediterranean mariculture; the 
overproduction and dependence of the industry of intensive farming of finfish upon the capture 
fisheries for sourcing their feed inputs (i.e. their use of fish meal, fish oil and other fishery by-
products in compound aqua feeds). 
 
Proposed interventions: 
 
- Organization of marketing efforts and search for new types of outlets. 
 
- Diversification of the products, species and presentations. 
 
- Urgent need for the industry to reduce its dependence by using alternative more 

sustainable dietary protein and lipid sources. 
 
- To further expand the independence of the industry from the fingerlings i.e., promotion of 

hatchery yields. The normal production of a hatching facility in 1985 was in the scale of 
200,000 young fish. Hatcheries with a production capacity of 5 million fingerlings now 
exist in several Mediterranean countries. 

 
B. AT REGIONAL LEVEL 
 
As Mediterranean mariculture is a fast growing industry taking place at sites with multiple use 
and interrelated interests, the following intervention/actions at regional level are proposed: 
 
- Development of financial and technical cooperation with aim to enhance the capacity of 

developing countries in mariculture in a sustainable way. 
 
- Need for further promotion of regional systems for collection and exchange of data related 

to the production and marketing of mariculture products and the fish food quality. 
 
- The protection of the marine environment from mariculture activities and the protection of 

mariculture from other activities. 
 
- Development of financial, scientific and technical cooperation with an aim to promote 

transfer of environmentally sound technology for mariculture. 
 
- Initiatives towards the implementation of programmes related to the monitoring and 

regulation of marine aquaculture. Programmes like, the EU, MARAQUA is a good 
example. 

 



- Promotion of research where information related to the impacts of mariculture is lacking. 
The EU MEDVEG programme related to the fate of nutrients from mariculture to the 
marine environment is a very good initiative. 

 
- Creation of training opportunities for farmers, in order to undertake the task of self-

monitoring. 
 
- Assistance to non - EU countries in order to harmonize their legislation, particularly that 

relates to aquaculture products with existing EU legislation. 
 
- To increase the awareness of all stake holders and the public on the need for 

sustainability in mariculture. 
 
Table 10 summarizes the major problems, their root causes and possible solutions. 
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Table 10 
 

Major problems, their root causes and possible solutions 
INDICATOR OF 

MAGNITUDE IMPACTS 

ISSUE/PROBLEM Spatial  
Scale 

Time scale Human 
health 

Marine 
Environment 

Socio-
economic 
Loss  

Global 
Environment  

 
 

ROOT CAUSES 

 
 
POSSIBLE SOLUTIONS 

A. ENVIRONMENTAL 
1. Hypernutrification and 
Benthic enrichment result to 
changes of composition and 
diversity of marine community 
and decline of seagrass 
beds. 

 
 

Up to 
300 km  
from  
Farm site 

 
 
 
 
Months 

 
 
 
 
N.A. 

 
 
 
 

2 

 
 
 
 

1 

 
 
 
 
1 

Inputs of 
Nutrients.  
No proper site 
selection. 
Inadequate 
Monitoring 
Protocol, 
Insufficient E.I.A 
No quality 
standards.  

Use of low Phosphate 
diets and better 
husbandry. Site selection 
based on EIA. and CAM 
(Coast Area 
Management). Application 
of guidelines and 
standards. 
Continuous Monitoring 
based on Protocol.   

 
2. Chemotherapeutants 
residues in fish and effect on 
non-target species, metal 
inputs to the marine 
environment  

 
 
1 km  

 
 
days 
 

 
 
0 

 
 
1 

 
 

1 

 
 

1T 

 
Excess 
application of 
antibiotics and 
other drugs and 
application of 
antifouling agents 

 
Control application of 
chemicals, replacement of 
antibiotics by vaccines. 
Use of environmentally 
benign antifouling agents.  
 

3. Modification of gene pool 
of wild stocks from escaped 
farm stock 

10-100 km Several 
genera- 
tion  

N.A.     1 1 1T Escaped fish
from farms, 
mainly cage 
farms, due to bad 
weather 
conditions 

 Use of monosex culture, 
or the manipulation of 
chromosomal sets to avoid 
genetic interactions with 
wild population. 
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INDICATOR OF 
MAGNITUDE IMPACTS 

ISSUE/PROBLEM Spatial  
Scale 

Time scale Human 
health 

Marine 
Environment 

Socio-
economic 
Loss  

Global 
Environment  

 
 

ROOT CAUSES 

 
 
POSSIBLE SOLUTIONS 

B. HUMAN HEALTH 
1. Human diseases 
associated with the 
consumption of fish products 
mainly shellfish 

 
No limits  

 
impos-  
sible 
to be 

evaluated 

3 N.A.  3 3 T Inadequate 
quality of the 
environment for 
aquaculture 
production  

Treatment of domestic 
sewage, Restriction of 
discharges even of treated 
effluent . Continuous 
microbial monitoring at the 
discharged sites. 
Respect to the draft Code 
of Hygiene Practice for the 
aquaculture products. 
To consider the 
application of HACCP 
perspective.   

2. Human illness due the 
consumption of shellfish 
affected by toxic algae 

1-5 km Months  2 2 3 2 T Introduction of 
nutrients from 
agricultural 
runoff, rivers and 
other 
anthropogenic 
sources 

Application of Code of 
Practice to the  Agriculture 
fertilizers, elimination if 
possible of all municipal 
sewage discharges.   

C. SOCIO-CONOMIC  
1. Market/price problems  

 
N.A. 

 
N.A. 

 
N.A. 

 
N.A. 

 

 
2 

 
2 

 
Overproduction 
from mariculture 
and its relation 
with the 
uncontrolled wild 
fish catches.   

 
Organization of marketing 
efforts and search for new 
types of outlets. 
Diversification of the 
products and cultured 
species.   

 
2.  Conflicts with fishing 
industry and dependence of 
feed on capture fisheries 

 
N.A. 

 
N.A. 

 
N.A. 

 
N.A. 

 
1 

 
1 

 
Harvesting of 
juveniles for farm 
stocking. Use of 
fish meal, fish oil 
in compound 
aquafeeds  

 
Promotion of Hatcheries.  
Use of alternative more 
sustainable dietary protein 
and lipid source.   

IMPACTS: 0: Not known, 1: Slight impact 
2: Moderate impact, 3: Severe impact 

N.A.:  Not Applied   T:   Transboundary impacts 
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ANNEX I 
 

Fish, Mollusc and Crustacean Production  
by Country for the Years 1990 - 2000) 

 
 

Source: FEAP, SIPAM
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TABLE 1a.  ALGERIA 

 
Fish, Mollusc and Crustacean production (tonnes) for the years 1990-2000 

 
YEAR FISH CRUSTACEANS MOLLUSCS TOTAL 

 INTENSIVE EXTENSIVE INTENSIVE SEMI-
INTENSIVE

EXTENSIVE  

1990 71 48 119
1991 22 54 76
1992 6 20 26
1993 32 16 48
1994 18 17 35
1995 22 16 38
1996 12 19 31
1997 19 20 39
1998 26 26 52
1999 26 8 34
2000 27 15 42

 
 
 
 

TABLE 1b.  CROATIA 
 

Fish, Mollusc and Crustacean production (tonnes) for the years 1990-2000 
 
YEAR FISH CRUSTACEANS MOLLUSCS TOTAL 

 INTENSIVE EXTENSIVE INTENSIVE SEMI-
INTENSIVE

EXTENSIVE  

1990 1495 13300 1421  16216
1991 347 1110  1457
1992 685 1950  2635
1993 1325 1515  2840
1994 1520 1215  2735
1995 1490 1085  2575
1996 1660 1100  2760
1997 1800 894  2694
1998 2252 990  3242
1999 2441 1200  3641
2000 2500 1100  3600

 
 
 



 
TABLE 1c.  CYPRUS 

 
Fish, Mollusc and Crustacean production (tonnes) for the years 1990-2000 

 
YEAR FISH CRUSTACEANS MOLLUSCS TOTAL 

 INTENSIVE EXTENSIVE INTENSIVE SEMI-
INTENSIVE

EXTENSIVE  

1990  0
1991  0
1992 70 0  70
1993 169 0  169
1994 209 2  211
1995 348 6  354
1996 663 12  675
1997 841 22  863
1998 1054 25  1079
1999 1314 43  1357
2000 1638 60  1698

 
 
 
 

TABLE 1d.  EGYPT 
 

Fish, Mollusc and Crustacean production (tonnes) for the years 1990-2000 
 
YEAR FISH CRUSTACEANS MOLLUSCS TOTAL 

 INTENSIVE EXTENSIVE INTENSIVE SEMI-
INTENSIVE

EXTENSIVE  

1990 0  0
1991 0  0
1992 680  680
1993 1570  1570
1994 1510  1510
1995 18  18
1996 80  80
1997 81  81
1998 82  82
1999 940  940
2000 N.A.  -
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TABLE 1e.  FRANCE 
 

Fish, Mollusc and Crustacean production (tonnes) for the years 1990-2000 
 
YEAR FISH CRUSTACEANS MOLLUSCS ALGAE TOTAL 

 INTENSIVE EXTENSIVE INTENSIVE SEMI-
INTENSIVE

EXTENSI
VE 

  

1990 1410  620 201032 80 203062
1991 1820  729 206527 40 209076
1992 2445  805 206595 50 209845
1993 48719  33 229253 70 278005
1994 5736  850 223779 100 230365
1995 6243  932 219960 200 227135
1996 5947  1074 217000 62 224021
1997 6801  1182 217150 62 225133
1998 6918  1280 219914 70 228112
1999 7114  1160 204653 62 212927
2000 7200  1210 N.A. N.A. N.A.

 
 
 
 
 
 

TABLE 1e. - bis FRANCE 
 

Estimated Production of intensive mariculture in the Mediterranean for the years 1990-2000 
 

YEAR PRODUCTION 

1990 501 
1991 990 
1992 1578 
1993 2362 
1994 3778 
1995 3958 
1996 3635 
1997 3759 
1998 4526 
1999 4811 
2000 5180 

 
 
 



 
 
 
 

TABLE 1f.  GREECE 
 

Fish, Mollusc and Crustacean production (tonnes) for the years 1990-2000 
 
YEAR FISH CRUSTACEANS MOLLUSCS TOTAL 

 INTENSIVE EXTENSIVE INTENSIVE SEMI-
INTENSIVE

EXTENSIVE  

1990 1607 5800  7407
1991 2475 7580  10055
1992 6032 13670  19702
1993 9500 16700  26200
1994 13630 16884  30514
1995 17763 21204  38967
1996 23002 26556  49558
1997 25500 25430  50930
1998 30900 27000  57900
1999 48000 28000  76000
2000 58400 28100  86500

 
 
 
 
 
 
 

TABLE 1g.  ITALY 
 

Fish, Mollusc and Crustacean production (tonnes) for the years 1990-2000 
 
YEAR FISH CRUSTACEANS MOLLUSCS TOTAL 

 INTENSIVE EXTENSIVE INTENSIVE SEMI-INTENSIVE 
AND 

EXTENSIVE 

 

1990 950   950
1991 1480  90000 91480
1992 1958  84500 86458
1993 2918  90000 92918
1994 3250  25 100000 103275
1995 5250  25 105000 110275
1996 5950  22 100000 105972
1997 7300  19 103000 110319
1998 10100  25 130000 140125
1999 11750  0 130000 141750
2000 15800  N.A. 130000 145800
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TABLE 1h.  MALTA 
 

Fish, Mollusc and Crustacean production (tonnes) for the years 1990-2000 
 
YEAR FISH CRUSTACEANS MOLLUSCS TOTAL 

 INTENSIVE EXTENSIVE INTENSIVE SEMI-
INTENSIVE

EXTENSIVE  

1990 0  0
1991 0  0
1992 300  300
1993 600  600
1994 904  904
1995 1300  1300
1996 1552  1552
1997 1800  1800
1998 1950  1950
1999 2002  2002
2000 2050  2050

 
 
 
 

TABLE 1i. - SLOVENIA 
 

Fish, Mollusc and Crustacean production (tonnes) for the years 1990-2000 
 
 
YEAR FISH CRUSTACEANS MOLLUSCS TOTAL 

 INTENSIVE EXTENSIVE INTENSIVE SEMI-
INTENSIVE

EXTENSIVE  

1990 0 0 0
1991 0 65 65
1992 11 140 151
1993 18 43 61
1994 76 27 103
1995 50 13 63
1996 75 50 125
1997 89 37 126
1998 102 44 146
1999 102 37 139
2000 120 40 160



 
TABLE 1j. - MOROCCO 

 
Fish, Mollusc and Crustacean production (tonnes) for the years 1990-2000 

 
 
YEAR FISH CRUSTACEANS MOLLUSCS TOTAL 

 INTENSIVE EXTENSIVE INTENSIVE SEMI-
INTENSIVE

EXTENSIVE  

1990 217 178 395
1991 336 223 559
1992 546 35 162 743
1993 666 31 113 810
1994 1095 55 7 121 1278
1995 1200 1 331 1532
1996 1218 260 1478
1997 881 28 295 1204
1998 743 27 201 971
1999 746 28 217 991
2000 749 31 210 990

 
 
 
 
 
 

TABLE 1j. - bis MOROCCO 
 
Estimated Production of intensive mariculture in the Mediterranean for the years 1990-2000 
 

YEAR PRODUCTION 

1990  
1991 217 
1992 336 
1993 546 
1994 666 
1995 1095 
1996 1218 
1997 881 
1998 743 
1999 746 
2000 749 
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TABLE 1k. - SPAIN 

 
Fish, Mollusc and Crustacean production (tonnes) for the years 1990-2000 

 
 
YEAR FISH CRUSTACEANS MOLLUSCS TOTAL 

 INTENSIVE EXTENSIVE INTENSIVE SEMI-
INTENSIVE

EXTENSIVE  

1990 1970 125 201 176277 4167 182740
1991 2599 56 92 197587 3925 204259
1992 4263 121 153 141692 3534 149763
1993 4563 112 185 93301 3586 101747
1994 5171 156 160 145021 4621 155129
1995 6053 139 168 185431 5204 196995
1996 7440 212 227 192388 3327 203594
1997 7306 171 247 192400 5593 205717
1998 10812 154 185 264869 5831 281851
1999 14396 88 138 266266 5905 286793
2000 14912 88 156 269000 6000 290156

 
 
 
 
 
 

TABLE 1k. - bis SPAIN 
 
Estimated Production of intensive mariculture in the Mediterranean for the years 1990-2000 
 

YEAR PRODUCTION 

1990  
1991 995 
1992 1221 
1993 1859 
1994 2417 
1995 2451 
1996 3184 
1997 4931 
1998 8045 
1999 10929 
2000 11100 

 
 
 
 



TABLE 1l.  TUNISIA 
 

Fish, Mollusc and Crustacean production (tonnes) for the years 1990-2000 
 
YEAR FISH CRUSTACEANS MOLLUSCS TOTAL 

 INTENSIVE EXTENSIVE INTENSIVE SEMI-
INTENSIVE

EXTENSIVE  

1990  
1991 292 151 443
1992 202 138 340
1993 483 150 633
1994 616 46 662
1995 393 128 521
1996 552 142 694
1997 800 140 940
1998 368  368
1999 280  280
2000 292  292

 
 
 
 

TABLE 1m.  TURKEY 
 

Fish, Mollusc and Crustacean production (tonnes) for the years 1990-2000 
 
YEAR FISH CRUSTACEANS MOLLUSCS TOTAL 

 INTENSIVE EXTENSIVE EXTENSIVE SEMI-
INTENSIVE

EXTENSIVE  

1990  
1991  
1992 1750 40  1790
1993 1800 -  1800
1994 2000  2000
1995 8000 40  8040
1996 9000 270  9270
1997 15800 330  16130
1998 21100 470  21570
1999 24700 0  24700
2000 25500 0  25500
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For a copy of the full report click here 
Introduction 
 

Mariculture, the farming of different organisms such as fish, molluscs and 
crustaceans, is an important and fast growing method of food production. Many studies 
showed that overfeeding in fish farms causes changes in the sediment and benthic 
community structure. The organic matter (OM) originating in fish-food remains and the 
excreta of the cultured fish often accumulates in the sediment. In response, oxygen becomes 
depleted and sulphate reduction is stimulated leading to increased H2S production and 
subsequent impoverishment and/or displacement of fauna and benthic algae (Duplisea and 
Hargrave, 1996; Mazzola et al., 1999; Karakassis et al., 2000; Christensen et al, 2003). The 
degree of impact depends on many factors such as water movement, sediment composition, 
resuspension, benthic fauna and organic loading from fish farm activity. In addition to 
particulates solute waste also affects the water quality (Pitta et al, 1999) that can influence 
the phytoplankton growth (Arzul et al., 1996; Frid and Mercer, 1989). The fisheries of Adriatic 
Sea do not escape from this general context. 
 

In this summary we present the main results obtained from a casual study entitled 
“The influence of fish farming on coastal marine sediment in Slovenia (Piran Bay, northern 
Adriatic)” that was carried out with support of UNEP/MAP (Memorandum of understanding 
between NIB and UNEP/MAP, Project Account: No ME/6030-00-04 BL2208). 
 
Materials and methods 
 

The sampling was performed on 7-8 May 2003 at the Fish farm Lera d.o.o. that is one 
of two Slovenian farms situated in the coastal waters of the Bay of Piran - Gulf of Trieste 
(northern Adriatic Sea, Figure 1). In the investigated fish farm about 50-70 tons of European 
seabass (Morone labrax) are produced in cages.  

 
Samples were collected (Figure 1) from the fish area i.e. beside the fish cages 

(sampling site-SL) and away from the influenced area (control sites: CL-1 and CL-2). The 
control site CL-1 was established a few kilometres from fish farm and CL-2 was located 
about 200 m from the fish cages. 

  
Figure 1: Location of sampling site (SL) in the fish farm area and the control sites (CL-1 and 
CL-2) in Piran Bay-Gulf of Trieste (northern Adriatic), (drawing by T. Makovec) 

 

http://195.97.36.231/Acrobatfiles/NonMAP/SloveniaFish.pdf
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The sedimentation rates (of total suspended matter, particulate organic carbon and 
total particulate nitrogen) were measured over a period of 24 hours using moored sediment 
traps and traps located on the support array at a depth of 5 m. Additionally, stable isotope 
analyses were used to investigate the sedimented particulate matter.  

 
In order to estimate the impact of the organic output from fish cages on the benthos 

(sediment), a sampling scheme in the shape of a star was established on sediment under the 
fish cages (mesh sampling) and at a control site (one sampling point). Within the sampling 
mesh (sampling site), three points i.e. S, S1, S2 were selected as principal sampling points in 
addition eight other sampling points (A1, A2, B1, B2, C1, C2, D1, D2). Sediment samples 
were used for subsequent analyses of the porosity and the granulometry (grain size), organic 
carbon (TOC) and total nitrogen content (TN), isotopic composition (13C and 15N), 
phytoplankton pigment concentrations (microphytobentos) and analyses of meiofauna. In the 
interstitial water we determined alkalinity, pH, the concentrations of total CO2, hydrogen 
sulphide and nutrients (ammonium (NH4

+), orthophosphate (PO4
3), ortosilicate (SiO4

4-), 
sulphate (SO4

2-)).  
 
 
Results and discussion 
 
Particulate matter: The composition of settled particulate matter in terms of POC and TPN 
showed in general higher values in the samples from the fish farming area due to the supply 
of organic matter from fish farming activity (Table 1). This is in accordance with results of 
previous similar studies performed in the Slovenian coastal sea (Kovac et al., 2001, Kovac et 
al., 2003). Based on the material collected in a trap during 24 hours under the fish cages at 
5m, the atomic C/N ratio of organic waste originating from the fish farm was lower (11.6) than 
that measured at the control (CL-1: 13.76, CL-2: 14.63) sites. This is due to a larger 
contribution of proteinaceous material (fish food) which leads to higher content of nitrogen 
and consequently to lower C/N ratio of  settling matter. The δ15N values of the trap sample 
from the sampling site also indicated the important contribution of fish faeces at a depth of 5 
m.  

 
Table 1: Analyses performed on the settled particulate matter at sampling (SL) and control (CL-1 
and CL-2) sites 
 
SEDIMENT TRAP SAMPLES  
(Mean values) 

SEDIMENT TRAP LOCATION 

 Sampling site  Control site  

PARAMETER SL-5 m SL-bottom  CL-1 (at 5m) CL-2 (5 m) CL(2) – bottom 

Content of organic carbon (%) 8.24 5.35 6.98 16.41 5.08 

Content of total nitrogen (%) 0.83 0.44 0.59 1.30 0.46 

C/N ratio (atomic) 11.60 14.29 13.76 14.63 13.08 

Sedimentation ratio of total  
particulate matter (g m-2d-1) 

23.59 31.16 2.56 1.68 4.03 

Sedimentation ratio of total  
particulate nitrogen (mg m-2d-1) 

187.12 132.74 14.28 16.11 18.37 

Sedimentation ratio of 
particulate  
organic carbon (mg m-2d-1) 

1802.90 1625.58 167.97 202.04 204.16 

δ13CPDB (‰) 
 

-23.4 -24.3 -23.7 -25.0 -23.7 

δ15Nair (‰) 6.2 7.4 7.8 5.5 2.0 
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During this sampling, the highest values of POC and TPN contents were determined from the 
trap sample from CL-2 site suggesting the presence of polisaccharidic material related to 
local phytoplankton bloom. Considering the location of this control site, located about 200 m 
from the fish cages, particles from fish farm could also have contributed to those results but 
that is not confirmed by δ15N and δ13C values. In spite of the high percentage of organic 
carbon and similar content of nitrogen in particles from both sites i.e. SL and CL-2 the 
sedimentation rates of POC and TPN were much higher at the sampling site. The average 
sedimentation rates of POC, TPN and TPM measured at the fish farm were higher than that 
of the control site due to food supply to fish and organic waste from the fish framing activity. 
The same trend, but with higher values, has already been reported for another Slovenian fish 
farm in the Gulf of Trieste (Kovac at al, 2001). At the sampling site, the layer at 5 m coincided 
with the depth of the cages and was therefore more influenced by organic particulate loading 
(particularly by fish-food remains and organic waste products) in comparison to the bottom 
layer. Consequently, the sedimentation rates measured at 5 m were about 29 % (POC) and 
10 % (TPN) higher than those determined at the bottom. The differences in POC and TPN 
content between 5 m- and bottom-layer suggest degradation and transportation of particulate 
matter during sedimentation. In comparison to previously reported sedimentation rates 
(Kovac et al., 2001; Kovac et al., 2003; Faganeli, 1989; Faganeli et al, 1995), all measured 
values were relatively low. These results were probably due to the low riverine discharge 
(only a few rain events) during January-May of 2003. Low riverine inflows resulted in low 
inputs of particulate matter and nutrients that couldn’t promote new phytoplankton production 
or a high concentration of autohtonic particulate matter. Additionally, during the sampling 
period the feeding of fish with commercial food was not at its maximum rate. The measured 
sedimentation at the fish farm area (mean carbon flux = 1.7 gm-2d-1 on May 2003) was 
approximately 76% lower than the level of organic matter reported elsewhere (Gowen and 
Bradbury, 1987; Angel et al., 1992).  

 
Sediment: In order to assess the horizontal extent of the impact of the fish farming activity, 
surface sediment samples were taken at the control site and under the sea bass cages i.e. 
directly below the cage (sampling point - S) and at several other sampling points beneath the 
cages. All sediments were clayey silt with the similar sediment grain size distribution.  
 

In the solid phase of the sediment, the concentration of organic carbon ranged from 
0.66 wt % to 2.20 wt % and the concentration of total nitrogen ranged from 0.07 wt% to 0.27 
wt%. In all cases both concentrations decreased with depth (Figure 2). 
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Figure 2. Organic carbon and total nitrogen content in the sediment versus depth at sampling 
points S, S1, S2 and at CL  
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The rate of OC and TN accumulation can be approximated by the concentration 
decrease with depth. At some sampling locations the decrease was almost linear while at 
others where the decrease was almost exponential, the organic matter accumulation was 
much more intensive. By measuring organic carbon and total nitrogen content of solid state 
of surface sediments (Fig.3) we also determined the patchy accumulations of organic 
material in fish farm area. This was also expressed in the vertical profiles. From the same 
vertical profiles it was evident that within the last 50 years the conditions and directions of 
organic loading have changed significantly (presuming an average sediment rate of 2 
cm/year).  

 
The δ13C values of sediment at the control site reflect marine particulate matter while 

at the sampling site deviation from marine phytoplankton material was observed (Fig. 4). 
Considering the Corg./Ntot. ratio and δ13C and δ 15N values in sediments, correlation analyses 
showed that the organic matter at the fish farm area today mostly originates in fish food and 
faeces (Fig 4).  
 
 

 
Figure 3. Superficial (depth = 0-2 cm) concentrations of total organic carbon and nitrogen 
below the fish farm cages. Sampling point S is located below the center of the cage 
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Figure 4: Relationship between δ13C, δ15N and Corg./Ntot. ratios in the sediments at the control 
location and at beneath the fish farm 



5 

Interstitial water concentrations of ammonium (NH4
+), orthophosphate (PO4

3), 
ortosilicate (SiO4

4-) and sulphate (SO4
2-) indicated the greatest impact to be directly under the 

cages. With respect to the control site all measured nutrients in the interstitial waters of the 
sediments beneath the fish cages showed higher values. In the upper 10 cm of the 
sediments, the remineralization of organic matter predominantly proceed via dissolved 
oxygen consumption rather than by sulphate consumption. The decrease of sulphate was 
mainly observed at sampling point S (directly below the fish cages) at a depth of 1 cm. This 
was also shown by ammonia increase. However, due to the benthic activity enough 
dissolved oxygen penetrates deep into the sediment to sustain low H2S concentrations in the 
interstitial waters of sediments. 

 
Environmental changes were most evident in benthos showing a long-term impact on 

meiofauna communities. High organic matter supply, i.e. settling of unconsumed food, waste 
and fish faeces under and adjacent to fish cages, may favour some organism over others. 
That was evidenced from the slight decrease of benthic meiofauna biomass and from the 
impoverishment of species diversity. The abundances of the main meiofaunal groups 
(Nematoda, Harpacticoidea, Polychaeta, Turbellaria, Bivalvia) gradually increased from the 
fish farm in the direction of unaffected area. However, the impact of fish farming was more 
evident from the species diversity. The impoverishment of species was more pronounced in 
the sediment directly below the cages. In addition to slightly lower abundances of total 
meiofauna and the leading group of meiofauna at the impacted zone, we also observed the 
absence of some meiofaunal groups (Gastropoda, Acarina, Ostracoda, Ophiuroidea). 
Diversity increased from a low level under the cages to a higher level at 200 m from the 
cages (control site). According to the data, the meiofauna from the control site reflect the 
typical (normal) spring community of unaffected area.  

 
In comparison to the control site, higher sediment chlorophyll a and phaeopigment 

concentrations were determined at the fish farm. Sediment chlorophyll a concentrations 
suggest that chlorophyll a in sediment was mostly related to phytobenthos rather to the 
sedimentation of phytoplankton cells since concentration of chlorophyll a measured in the 
water column was very low during the sampling period. In comparison to the control site, a 
pronounced increase in chlorophyll a and phaeopigment content was observed directly below 
the centre of the cages. (at sampling point S, Table 2). This could be attributed to a higher 
contribution of nutrients such as ammonium and phosphate thus influencing the growth of 
benthic microflora at that time. High sediment phaeopigment concentrations also suggest 
that some of the photosynthetic pigments in the farm-affected sediments were depositional 
chlorophyll degradation products derived from fecal and pseudofecal materials (Christensen 
et al., 2003). All measured values at the sampling site were higher than averages reported 
for sediments of unaffected areas in Slovenian coastal sea (Juriševic, 1992).  
 
Table 2: Sediment chlorophyll a and phaeopigment concentrations 
 
 Concentrations (mg/m2) 
 Sampling site Control site 
Sampling point S S1 S2 CP 
Chlorophyll a  45,80 28,07 37,12 18,47 
Phaeopigment 113,50 108,11 73,47 30,11 
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Conclusions 
 
The results presented in this study indicate the impact of fish farming activity on the 

benthic environment in fish farming areas in the Slovenian coastal sea. Considering the 
identification of heterogeneous/patchy organic enrichment in sediments, additional analyses 
are needed for a more detailed estimation of this activity's influence on sediment 
characteristics. This data-base (especially identification of the main direction of organic 
loading in a fish farm area) could provide basic information for the better planning of future 
investigations of the fish farm's impact in the Slovenian coastal sea. 
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Island of Rhodes. UNEP/MAP: Athens, 1993 (English). 
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