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Abstract 
A growing increase in the world’s population and a gradual decline in poverty 
necessitate a search for new sources of protein in order to guarantee food se-
curity. Aquaculture has been identified as a potential sector capable of meet-
ing the requirements for increased protein production without making exces-
sive demands on the ecosystem. Although water makes up 70% of the earth’s 
surface, aquaculture cannot feasibly be practised everywhere; it requires a 
unique set of natural, social and economic resources to be managed in an en-
vironmentally responsible way. Finding suitable sites for aquaculture is be-
coming an ever increasing problem in the development of the sector as pre-
cautions need to be taken in setting up sites to ensure appropriate environ-
mental characteristics exist and that good water quality can be maintained. 
Additionally, the effects of aquaculture on coastal and inland resources must 
be clearly determined to implement policies and regulatory frameworks to 
control its impact. Marine cage farming is gaining momentum, specifically in 
the Mediterranean and Black Sea coastal regions. For these sites to be further 
developed there is a need to minimize the effects on the environment and 
conflicts with other coastal users. To this aim the concept of allocated zones 
for aquaculture (AZA) is being adopted to provide specific areas for marine 
aquaculture to avoid environmental degradation. When choosing an (AZA) 
suitable site, it is vital to calculate ‘carrying capacity’ to reduce the risks and 
to protect the marine ecosystems. In this study the MERAMOD model was 
used to investigate the carrying capacity of marine fish farms. Modelling of-
fers the possibility to simulate and predict the environmental impact of fish 
farms.  
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1. Introduction 

The total production of farmed food fish was80million tonnes, aquatic plants 
30.1 million tonnes and non-food products 37,900 tonnes. Farmed food fish 
production consists of; finfish 54.1 million tonnes, molluscs 17.1 million tonnes, 
crustaceans 7.9 million tonnes and other aquatic animals like turtles, sea cu-
cumbers, sea urchins, frogs and edible jellyfish 938,500 tonnes. The above men-
tioned aquatic plants are generally seaweeds and although not significant in 
volume microalgae are also produced. The non-food products included refer 
only to ornamental shells and pearls [1]. Due to high demand and technological 
advancements the total world fish production is expected to increase (capture 
plus aquaculture, excluding aquatic plants) is predict to reach 201 million tonnes 
by 2030 (Figure 1).  

Aquaculture is a functioning and developing industry in the Mediterranean 
and Black Sea regions, it has a considerable part to play in obtaining food secu-
rity, employment and economic development for the country, in addition to the 
afore mentioned benefits, aquaculture reduces overexploitation of wild stocks. 
By the year 2014 the Mediterranean countries and countries bordering the Black 
Sea produced almost 2,381,954 tonnes (marine, brackish and freshwater aqua-
culture), this is expect to increase to 4,600,000 tonnes between 2020-2030 in the 
long term this accelerated growth will bring challenges to sustainability in the 
sector and will lead to worries [2]. One of the major worries is finding solutions 
for the environmental and ecological impacts brought about by increased aqua 
culture production. To understand the current challenges there is a need for re-
gionally assigned areas called Allowable Zone for Aquaculture (AZA) and the 
effected zone inside AZA known as Allowable Zone of Effect (AZE). It is impor-
tant to establish a regulatory process that clearly identifies where aqua cultural 
facilities can be located and how to instigate a strategy for the sustainable devel-
opment of aquaculture for the regions mentioned [3]. 

Marine aquaculture is an industry that includes; breeding of various species, 
production methods and management. Marine aquaculture (fin-fish) generates 
particulate and soluble organic waste (faecal and uneaten food) and soluble in-
organic excretory waste. The severity of the situation depends on load and the  
 

 
Figure 1. World capture fisheries and aquaculture production, 1990-2030 [1]. 
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marine aquaculture in the Mediterranean show that nutrients are rapidly trans-
ferring up the trophic chain, indicating that monitoring of nutrient losses should 
be done at different levels of production [4] [5]. As the feed and faecal pellets 
settle very quickly near the fish farm, their benthic impacts are extensively re-
ported [6] [7]. Predominantly under the cages, sediment can have considerable 
effects on the benthic fauna and flora [8] [9] [10]. There are some otherenvi-
ronmental impacts, such as the releasing of chemicals, medicines and pesticides, 
which are used in the treatment of fish in the farm installations. Interactions 
with wild populations, spreading of disease and release of parasites from farms 
are also of environmental concern. 

Crucially, the possible risks to the marine ecosystem should be calculated, 
thus determining the site selection and the operation process. In defining AZA 
the following should be applied; the use of technical procedure, site selection, 
biological and oceanographic information, ecological and social constraints (i.e. 
carrying capacities) [3]. The proper environmental management of AZE as well 
as marine spatial planning should include EIAs, managing monitoring pro-
grammes, Aquaculture Management Area (AMA). Carrying Capacity a concept, 
which is directly, related to the AZE “the maximum production of a species, 
which can be maintained within an area in relation to the available food and en-
vironmental resources” [11]. 

The objectives of our study were to establish a carrying capacity model is de-
signed to predict the solid deposition from caged sea bass fish farms. 

2. Materials and Methods 

In this study the MERAMOD model was used to investigate the carrying capac-
ity of marine fish farms.  

Solid matter accumulation (faeces and feed) around the cages were simulated 
in different scenarios using production data, feed data, cage layouts, current 
speed and direction. Solid accumulation quantities were examined in two farms 
that produced 370 tons/year and 1800 tons per year in each case the discharge 
intensity changes in 10 cm/s and 20 cm/s currents. The effect and the impact on 
the environment by the fish farms are calculated according to the amount of 
food needed for the sea bass (Dicentrarchuslabrax). FCR is 2 for sea bass. 

3. Result 

Modelling offers the possibility to simulate and predict the environmental im-
pact of sea bass fish farms. 

The following scenarios were set; 370 tonnes/year with 10 cm/s and 20 cm/s 
current and for 1800 tonnes/year with 10 cm/s and 20 cm/s current. Regarding 
the MERAMED Project [12] to determine the extent (area) of the footprint, the 
sea bed area enclosed by the 500 gr/m2/y contour was used as this represents the 
outer limits of the predicted footprint (MERAMED Project, 2004). 

https://doi.org/10.4236/as.2019.103022


G. Yucel-Gier et al. 
 

 

DOI: 10.4236/as.2019.103022 262 Agricultural Sciences 
 

Scenario 1; Figure 2 illustrates the solid flux is maximum a 3000 gr/m2/y and 
the outer limit of 500 gr/m2/yr reminds inside 200 meters’ limit (10 cm/s) of an 
area. 

Scenario 2; Figure 3 depicts the solid flux is maximum a 2200 gr/m2/yr and 
the outer limit of 500 gr/m2/yr reminds inside 300 meters’ limit (20 cm/s) of an 
area. 
 

 
Figure 2. 10 cm/s current at a 370 ton/year production per year fish farm. 

 

 
Figure 3. 20 cm/s current at a 370 ton/year production per year fish farm. 
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Scenario 3; Figure 4 depicts the solid flux is maximum a 13,000 gr/m2/yr and 
the outer limit of 500 gr/m2/yr reminds inside 200 meters’ limit (10 cm/s) of an 
area. 

Scenario 4; Figure 5 depicts the solid flux is maximum a11000 gr/m2/yr and 
the outer limit of 500 gr/m2/yr reminds inside 300 meters’ limit (10 cm/s) of an 
area. 
 

 
Figure 4. 10 cm/s current at a 1800 ton/year production per year fish farm. 

 

 
Figure 5. 20 cm/s current at a 1800 ton/year production per year fish farm. 
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When studying the effects and degree of changes in the study areas, horizontal 
distributions were used to show where the effects decreased as they moved away 
from the cages. As expected when the production increases the solid flux in-
crease and when the current increases the precipitate spreads over a larger area. 
This simulation puts forward an e-experience on how sedimentation correlates 
to production and current.  

4. Discussion and Conclusion 

There are many users of coastal areas so complex interactions occur, one of 
them is aquaculture because of its need for a specific environment and water 
quality characteristics. This struggle for marine space has put pressure on ma-
rine users especially fisheries, tourism operators, holiday residences. To avoid 
conflicts, maintain biodiversity and welcome multiple uses a clearly defined use 
of space should be implemented to manage sustainable development.  

Due to its well established past, we know a great deal about salmon produc-
tion and its benthic impacts, whereas the fish farming industry in the Mediter-
ranean is comparatively new so less is known of its benthic impact. 

However in recent years the relationship between particulate waste inputs is 
now better quantified and understood [13] [14]. When compared faecal particles 
settle slower than uneaten feed particles and they are seeming under and vicinity 
of the cages. The sinking of faecal particles in a horizontal flow is much slower 
between the sea surface and sea bed so they are transported further away from 
the cages. For instance Wilson et al. 2009 [15] claims regulation and manage-
ment of seabed impacts is a key component of regulating finfish impacts on 
salmon farming countries but this is not always the case in Mediterranean 
aquaculture [16]. For each scenario a contour plot is shown, which is a plan view 
of the sea bed showing values of predicted solid flux (Figures 2-5). 

Darker colours indicate a higher value of flux and thus a higher potential for 
impact. Within the scope of the Zone Effected Areas (AZE), the region where 
the effect of aquaculture activities is allowed is defined as the close environment 
of each farm. Establishing an AZE around a cage or cage set provides a degree of 
flexibility in the regulation of farms effects. This practice recognises that it is 
impracticable for there to be no environmental effects from intensive fish pro-
duction in the immediate vicinity of the cages. 

5. Conclusion 

In this study we observed that when the current was low, the effect of the depo-
sition was localised (200 m) but as current rose its deposition increased up to 
300 meters. The model shows the effects of one-year period. This study took 
place in two specific fish farms. Further studies should work on multiple farms 
and cumulative effects in years. 
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