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DDIIRREECCTTOORRAATTEE  OOFF  FFIISSHHEERRIIEESS
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in cooperation with the
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PPAARRTTIICCUULLAARR  FFOOCCUUSS  OONN  MMAARRIINNEE  AAQQUUAACCUULLTTUURREE
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AABBSSTTRRAACCTT

It is well known that aquaculture may have impacts on the environment and the activities surrounding it. The issue
of food supply is rising, as the world capture fisheries are declining. To be truly sustainable aquaculture has to find
environmental more sound ways to feed its animals. Having solved that problem aquaculture will relieve the heavy
tolls on the fisheries and at the same time be able to supply the humans with valuable fish protein. Aquaculture may
have negative impact to tourism as well, through degradation of environment, bad smell or ruining the scenery.
On the other hand aquaculture may also positively interact with tourism through supply of high-quality seafood,
providing of seasonal employment, opening opportunities for eco-tourism and increasing of the offer.
Finding suitable sites for aquaculture in the marine and coastal environment is one of the most critical challenges
facing this industry. The point is to integrate and merge all the concerns, issues and processes presented in the
preceding chapters into a coastal plan to accommodate most of it, but nevertheless give special focus to marine
aquaculture. Coastal Zone Management (CZM) and Environmental Impact Assessment (EIA) could represent a
sound technical approach for the development of sustainable aquaculture management systems, and should be
compulsory for all new aquaculture developments. The EIA is normally part of the feasibility study, and as such is
essential in developing monitoring systems, in addition to mitigation measures as to prevent conflicts between coastal
users, protect sensitive habitats and ensure sustainability of an individual project.
The project “Coastal Zone Management Plan for Croatia with particular focus on aquaculture” and the Guidelines as
the final product of the project, integrate the rational and sustainable mix of users of coastal and marine resources
and protection of natural eco-system. Among other issues, it formulates procedures for development of a coher-
ent CZMP in Croatia focusing on marine aquaculture, and proposes solutions to release development potentials
while reducing negative impact on environment. 
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AAcckknnoowwlleeddggeemmeennttss

This document was prepared based on the 
contributions to the project “Coastal Zone 
Management Plan in Croatia - with particular focus
on aquaculture”, of authors and project participants,
both from the state administration bodies and from 
different scientific institutions worldwide. The integral 
versions of all contributions are available from the
Directorate of Fisheries. References are rarely made
throughout the document, and the list of the main 
contributors and their work as well as of other main
references used is given at the end of each chapter. 

The list of contributors to this document includes (in
alphabetical order): Roko Andričević (MEPPP), 
Tatjana Bakran-Petricioli (University of Zagreb, 
Faculty of Biology), Inge Berg (APN), Gojko 
Berlenghi (GISPlan), Tatjana Boroša (MAFWM),
Ognjen Čaldarović (University of Zagreb, Faculty of
Philosophy), Velimir Dumičić (MEPPP), Anamarija
Frankić (Center for Coastal Resource management,
Virginia Institute of Marine Science, College of 
William & Mary, USA), Anton Giaver (APN), Branko
Glamuzina (University of Dubrovnik), Asle 
Gunneriussen (APN), Oddmunf Isaksen (APN), Ivica
Janeković (IRB), Nives Kozulić (Zadarska Župnija),
Tarzan Legović (IRB), Vesna Montan (MEPPP), Stipe
Mudrovčić (Županija Ličko-Senjska), Mirta Novak
(MAFWM), Victor Oiestad (APN), Oddmund Otter-
stad (SINTEF), Rune Palerund (APN), Mirjana
Papafava (MEPPP), Slobodan Pavasović (GISPlan),
Dijana Petković (MSTTD), Ivana Petrina (MAFWM),
Jasminka Radović (MEPPP), Inger Oline Rosvik (MF
Norway), Kristin Saether (APN), Martin Skedsmo
(APN), Branka Stunković (MEPPP), Roger Velvin
(APN), Antun Vonić (MSTTD), Krešo Žic and Irina
Zorić (University of Zagreb, Faculty of Philosophy).

Many other people atively cooperated in drafting,
preparation and publishing of this document.

guidelines 26062006.qxp  5.7.2005  0:50  Page 8



9
Zagreb 2005

PPRREEPPAARRAATTIIOONN  OOFF  TTHHIISS  DDOOCCUUMMEENNTT

This document has been prepared within the project CCOOAASSTTAALL  ZZOONNEE  MMAANNAAGGEEMMEENNTT
PPLLAANN  FFOORR  CCRROOAATTIIAA  ––  WWIITTHH  PPAARRTTIICCUULLAARR  FFOOCCUUSS  OONN  MMAARRIINNEE  AAQQUUAACCUULLTTUURREE,
funded by the Royal Ministry of Foreign Affairs of Norway.

The project was conducted under the leadership of Ivan Katavić, assistant minister in the Min-
istry of Agriculture, Forestry and Water Management of the Republic of Croatia, through
cooperation with Akvaplan-NIVA whose representative in the project, and coordinator of
activities of the Norwegian partner, was Cand. Real. Tor-Jahn Herstad. 

The main purpose of this document is to facilitate the planning and integration of marine
aquaculture in coastal zone management processes. The procedures are outlined as well as
the main elements for analysis and decision-making steps. 

The principal targeted audience includes policy-makers, administrators and relevant stake-
holders in the field of aquaculture, fisheries and the environment.

The document also provides the decision-makers with the basic orientation guide into the
requirements and environmental concerns of marine aquaculture and provides basic check-
lists of possible integration effects. 

It is hoped that the document will provide background information and reference sources for
those involved in research in this field. 

This document was prepared with Norwegian Financial support for the project “Coastal
zone management plan for Croatia”, project number 2010403. 
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Croatia has a beautiful, unspoiled, clean and

healthy marine environment whose devel-

opment potential in not fully released yet. Touri-

sm, fisheries and fish related activities as well as

other branches of typical coastal economy are ex-

pected to grow in the near future. Therefore

diminished biological diversity and landscape

values in the coastal areas must not be overlooked.

Coastal urbanization has in recent decades contri-

buted to environment degradation and decline

the quality of life, and bringing all the accompa-

nying problems such as reduction of biodiversity,

increase in waste, pollution, occupying coastline,

land use conflicts, etc. It was obvious therefore

that there was a need for a pro-active approach in

releasing development potentials of coastal areas

of Croatia to allow for better socioeconomic condi-

tions for the local population. A balance must be

achieved between the users of natural resources

and their preservation where the use of natural re-

sources by one sector should not diminish or de-

grade development potentials of the other sectors. 

Even though “coastal management” appeared

on the scene around 1990 as a new popular plan-

ning framework for the joint management of

many coastal activities such as fisheries, aquacul-

ture, tourism, environmental and habitat pro-

tection, pollution control, leisure activities, a true

coastal zone management plan has not so far

been ideally performed in any country. That is be-

cause the planning in sea requires more com-

plex set of variables than planning on land. Also,

a thorough knowledge of an area and its resour-

ces, a full understanding of interactions among

coastal users, as well as possible impacts of the

development on socio-economy and environment is

fundamental for being able to balance interven-

tion and to achieve integration among sectors.

The competition for space and other resources

among different users in the coastal zone requires

integrated coastal zone management (ICZM),

which is unavoidable means in solving conflicts.

In this respect ICZM is continuous, proactive and

adaptive process of resource management re-

quiring multidisciplinary approach aiming to

solve problems instead to transfer it. Good appro-

ach and planning tools are therefore crucial for

good plans. 

The project “Coastal Zone Management Plan for

Croatia with particular focus on aquaculture” in-

tegrates the rational and sustainable mix of users

of coastal and marine resources and protection of

natural eco-system. The project among other

issues, formulates procedures for development of

a coherent CZMP in Croatia focusing on marine

aquaculture, and proposes solutions to release

development potentials while reducing negative

impact on environment. 

One important goal was to promote and har-

monize development of marine aquaculture

while avoiding any direct or indirect impacts on

tourism and other complementary activities, ass-

uming that development of a sustainable pro-

duction of quality seafood will not conflict with

tourist development and increase the social and

economic well-being of the local communities

and the country itself. 

In order to ensure a successful aquaculture de-

velopment and create a positive image of the in-

dustry, the proper siting of aquaculture installa-

tions was considered crucial. Conflicts with other

interests in the use of coastal areas were consi-

dered, and the environmental impact from dis-

charges that comes from the cages (nutrients, or-

ganic material, chemicals, parasites etc.) was pro-

posed to be fully understood in order to size the

aquaculture production and effluent release to

the holding capacity of the recipient. The proj-

ect also anticipated spatial conflicts with other

interests at the coast, knowing that a stringent
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planning system with user’s participation and

democratic planning processes within a suitable

legal framework should be in place. 

The Project started with a small group of pe-

ople from the relevant ministries as an “Inter-

Ministry Team” with participation of representa-

tives from Ministry of Agriculture, Forestry and

Water Management in co-operation with Min-

istry of Environmental Protection, Physical Plan-

ning and Construction, Ministry of Sea, Tourism

Transport and Development. Within the project we

managed to summarise what was known about

the issue, engaged experts from various disci-

plines to undertake research on the subjects that

needed further clarification and then developed

some principles and guidelines that would allow

a professional to make suitable planning of an

area. Stakeholder participation was secured, and

it is hoped that we will manage to use our

administrative positions to have the system

implemented at broad scale. 

Even though ICZM for Croatian coastal envi-

ronment as a cooperative international project

has been focussing on aquaculture, it will clearly

establish the position of the Republic of Croat-

ia towards the future management of the Adriatic

resources with the intention to indicate a wide

range of investment opportunities for local, na-

tional and international investors. I believe the

same has a good chance to happen in tourism, as

it is a sector so important in Croatia. I also believe

that international network that is created through

the realization of this project may assist in coastal

area management plan of many developing cou-

ntries in the world.

It is to be recognised that having opportunity

to take advantage of experience gained in Norway

and other countries privileged Croatia. Looking

at the experiences from Norway we know that

a similar situation concerning the administration

of aquaculture existed about ten and more years

ago. Greece lessons, USA and Australian achieve-

ments in aquaculture development were wel-

comed as to learn from good lessons and not to

repeat mistakes that have happened already. By

such an input, Croatia was able to consider and

use the last achievements obtained internationally in

development of ICZM, hoping to use it in pre-

serving coastal environment and developing its

economy in the most rational and sustainable way.

It is also to be remembered that seldom before

such interactions among different ministries and

integration among sectors, institutions and ad-

ministrators were in place, and seldom before have

scientists and experts from different countries and

even continents, from different disciplines mana-

ged to create such a common ground for collabo-

ration. 

It is hoped that in the years to come, the relevant

ministries will manage to agree upon an admini-

strative system that helped aquaculture poten-

tials in Croatia to be fully released, at the same

time that the activity will be kept within the frame-

work of sustainable use of nature resources. The

administrative model is expected to involve all

ministries and institutions of relevance, and thus

provide support for a sustainable developement

to most local communities on the island and other

rural areas along the Croatian coastline. 

HHEEAADD  OOFF  TTHHEE  PPRROOJJEECCTT

IIvvaann  KKaattaavviićć,,  aassssiissttaanntt  mmiinniisstteerr

FFiisshheerriieess  DDiirreeccttoorraattee

MMiinniissttrryy  ooff  AAggrriiccuullttuurree,,  FFoorreessttrryy  

aanndd  WWaatteerr  MMaannaaggeemmeenntt

RReeppuubblliicc  ooff  CCrrooaattiiaa
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BACKGROUND

Seafood is a product that is receiving incre-

ased attention and is under considerable focus

from the industry side. As landings from cap-

ture fisheries are limited, a larger percentage will

be obtained through controlled breeding in the

future. Therefore, fishing and aquaculture are to

be viewed as complementary activities – “where

does fishing end, aquaculture start”. Aquaculture,

or the farming of aquatic organisms is achieved

through “manipulation of an animal’s life cycle

and the control of the environmental variables that

influence it”. Manipulation means some sort of

intervention as to enhance growth and production

of the confined stock. 

Aquaculture is a sector that is expanding rap-

idly. There is a firm belief that fish farming is a be-

neficial and more efficient way of exploitation of

natural resources than meet production in agri-

culture. This explains aquaculture average annual

expansion rate of 9.2% in the last 30 years com-

pared to only 2.8% for terrestrial farmed meat

production systems.

No doubt, fish are extremely effective in getting

the maximum from their food. This is understan-

dable, since fish by living in the water are practi-

cally weightless and don’t need to spend energy

to carry the weight of their own bodies, which

is necessary for livestock on land. Fish utilize their

feed better than land animals because they do

not use the energy to keep warm and dispose of

ammonia directly into the water. The result of this

efficient use of energy is that it needs much less

feed to produce a kilo of fish than it does for

pork or broiler. While 1.2 kilos of dry feed produ-

ces one kilo of salmon, we need between 2.2 and

2.4 kilos of dry feed per kilo of pork or broiler. It is

to be recognized that cattle or sheep feed mainly

by grazing grass areas that humans don’t have

other uses for, while pigs and poultry live on con-

centrated feed of grain and soy, which in princi-

ple could have been utilized as food for humans.

Given the over-fishing of wild stocks, if the growth

is to continue it will be necessary to employ alter-

native raw material sources. One possibility is to uti-

lize organisms further down the nutrition chain, as

for example zooplankton (krill) whose annual

production is 4-5 times the annual total produc-

tion of fish. It is hoped that a moderate harvest of

plankton (e.g. 100 million tones per year) would

not have harmful effect to other fish and sea mam-

mals, as well as for marine ecosystem in whole. 

Components from by-products will without

doubt be one of the ingredients in future fish feed

industry. The search for the appropriate compo-

nents in the global market is accelerating, and the

tests are being carried out on a number of com-

binations and new components. But the most im-

portant factor is that fish have extremely efficient

reproduction. While a hen can lay some 200 eg-

gs in the course of a year, a salmon can produce

20,000 offspring and a single marine fish up to mil-

lion. Thus the costs per fish offspring are minute. 

Due to the increase in population and economic

growth, one can expect increased demand for

fish products across the entire globe. The major

trend in developing countries is and will be to

obtain enough food for everyone, while cus-

tomers in industrialized countries are looking

for nutritionally healthy food. Social and demo-

graphic trends may in the future increase con-

sumers’ preferences in developing countries to-

wards more exclusive fisheries product. This is

taking place through increased production on exi-

sting farms, but also through allocation of new

sites to the aquaculture industry. It is obvious that

environmental issues will be a central factor in the

sector’s planning, while further development will

build on the control of a species life cycle. Marine

species will without doubt take advantage of the

improved knowledge in breeding, control of dise-

ases, and finally, improvement in feed composition

and feeding. 
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It is also to be recognized that badly planned

and uncontrolled fish farming may have an ad-

verse effect to the environment. Enrichment and

degradation of aquatic eco-systems in the vicin-

ity of fish farm depend upon the intensity of fish

culture activities (e.g. stocking density and feed

inputs) and the characteristics of the culture

sites. Due to the little data yet available, it is very

difficult to have a complete perspective on the

entire environmental and socio-economic conse-

quences of farming industry. 

Conflicts may be direct or indirect, affecting

activities such as fishing operations, navigation

or tourism. Many countries do not always take

up their responsibilities to protect and manage

fragile and endangered eco-systems such as Possi-

donia sea beds. The Code of conduct for respon-

sible Fisheries (CCRF) stresses that “.. as regards

the multipurpose usage of coastal areas, countries

should secure that representatives from fisheries

and fishing communities are consulted in the

decision making process and other activities rela-

ted to coastal zone planning and management

plans.” (FAO, 1995)

Farm installations themselves can be a source

of conflict in coastal zones. CCRF emphasized that

“States should consider aquaculture, including

culture based fisheries, as means to promote the

diversification of income and diet. In so doing,

States should ensure that resources are used res-

ponsibly and adverse impacts on the environment

and local communities are minimized”. In other

words it means sustainable development as to en-

sure the conservation of the marine environment

for future generation and as well as bring both

short-term and long-term benefits to the people. 

Coastal Zone Management (CZM) and Envi-

ronmental Impact Assessment (EIA) could rep-

resent a sound technical approach for the deve-

lopment of sustainable aquaculture management

systems, and should be compulsory for all new

aquaculture developments. The EIA is normally

part of the feasibility study, and as such is essen-

tial in developing monitoring systems, in addition

to mitigation measures as to prevent conflicts be-

tween coastal users, protect sensitive habitats and

ensure sustainability of an individual project. 

As the fish and shellfish in particular have the

potential to introduce diseases and infections

from polluted environment, it is therefore nece-

sary to developed certification systems and secure

traceability to guarantee safety and quality of

aquaculture products. There is no evidence to

confirm that farmed fish is less safe food than

agriculture products. On the contrary, the most

common diseases are widespread due to infection

from food originated from warm-blooded ani-

mals. Many believe that farmed fish has a high

level of antibiotics, which was the case at the end

of the 1980’s. Nowadays fish farming is practi-

cally antibiotics-free, while on the other hand

considerable amounts of antibiotics are admin-

istered to livestock in agriculture. In spite of a

global dynamic phase that is occurred in the

recent aquaculture development, the sector still

lacks the knowledge and experience to create an

image of an environmentally friendly industry.

Many species that have been commercialized have

suffered from price declines, due to the negative

consumer’s perception of farmed fish and poor

development of markets to absorb the new vol-

umes now being produced. Good marketing stra-

tegies and response to consumer perceptions are

the most important issues to continue rapid aqua-

culture growth. The industry must pay particular

attention to environmental campaigns and issues,

in order to avoid adverse reactions and impact.

Coastal Zone
Management,
CZM

Environmental
Impact
Assessment
EIA

FAO Code of
Conduct for
Responsible
Fisheries, CCRF
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CHAPTER 1:

INTRODUCTION

I n this Chapter, a brief introduction to Inte-

grated Coastal Zone Management is given. 

Population pressure, particularly the growth

of urban areas, combined with rapid expansion

of industry and tourism in coastal areas and

extensive exploitation of marine resources have

created a worldwide concern about sustainable

development of these areas and the fate of their

natural and environmental resources. To solve ri-

sing conflicts, and to plan marine aquaculture ac-

tivities, is only possible using an integrated ap-

proach in which all interests and concerns are

revealed and balanced through a democratic

process at local and county level. 

Particular attention is paid to sustainable de-

velopment of marine aquaculture and the overall

need to consider environmental impacts. This

concern is crucial if needs of the sector are to be

met, development potentials are to be realized

and concerns and needs of local communities are

to be taken into account at the same time. 

A brief outline of present status of Croatian

marine aquaculture is also presented. The re-

cently brought National Strategy “Croatia in the

21st Century” brings the general outlines of pos-

sible goals. However, supplementary strategic

goals and development guidelines are to be taken

into account when planning and developing ma-

rine aquaculture.

1.1. INTRODUCTION TO ICZMP

IICCZZMM is a commonly used acronym for “IInntteeggrraa--

tteedd  CCooaassttaall  ZZoonnee  MMaannaaggeemmeenntt”. It is a continu-

ous and dynamic development process that unites

government and the community, science and ma-

nagement, sectoral and public interests in pre-

paring and implementing an integrated plan for

the protection and development of coastal eco-

systems and resources. An Integrated Coastal Zone

Management Plan is a complete set of suggest-

ions how to manage the natural resources with-

in a given part of a coastal area (zone) shown on

a map. Around the world common problems in

performing and setting up an ICZMP are the lack

of institutional support and insufficient capacity of

governmental offices to provide the right mecha-

nisms and procedures, or to assess true needs and

possibilities or drawbacks of the individual sectors. 

Marine aquaculture in most cases represents a

new activity in an area, and as such has to estab-

lish rights of access to coastal areas and its

resources. Further challenges lie in the fact that

its development has coincided with a large and

timely increase in environmental awareness. Co-

astal areas all over the world are facing pressure

from a wide array of activities, more or less lucra-

tive and more or less environmentally friendly.

Tourism, navigation, oil transport, forestry and

agriculture are just some of them. Each of these

activities tries to get the best available spot, which

would secure its fast development and growth.

User conflicts often emerge from such a situa-

tion. To integrate all these demands and concerns

into a framework which provides both optimum

utilization and proper protection of the resources

is the goal. Integrated planning often represents

the most viable solution. The process, however,

should not be rushed, and will require skilful in-

sight and a lot of common sense. 

In the Republic of Croatia so far there have been

several initiatives for coastal zone planning, which

in most cases were limited to physical planning.

An overall set of guidelines for planning and in-

tegration of any activity in coastal zone has not

been developed or applied, mainly due to the lack

of adequate databases, lack of compatibility with

sector development plans, and in some cases lack

of political commitment.

Croatia needs ICZM plans that will help com-

bine all aspects of the human (socio-economic),

16
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physical and biological factors of the coastal are-

as within a single management framework. 

One of the main aspects and goals of this pro-

ject is to emphasize holistic and interdisciplinary

approach in careful planning and management of

all sectoral activities. Integrated approach should

simultaneously result in greater overall benefits than

just pursuing sectoral development plans indepen-

dently of one another (e.g. agriculture, tourism,

aquaculture, fisheries and education). 

Efforts to integrate marine aquaculture into co-

astal management can contribute to improve-

ments in selection, protection and allocation of

sites and other resources for existing and future

aquaculture developments.

1.2. SUSTAINABLE MARINE

AQUACULTURE DEVELOPMENT

AND ICZM

Sustainability refers to the ability of a society, eco-

system, or any such on-going system to con-

tinue functioning into the indefinite future with-

out being forced into decline through exhaustion

or overloading of key resources on which that

system depends. Sustainability can be attained

when environmental conditions are appropriate and

maintained, and this includes ecological, socio-

cultural and economic aspects of environment. In

order to ensure sustainability, any activity, use or

practice, in this case marine aquaculture devel-

opment, should follow the next six general steps

for resource management (Frankić, 2003)

11..  EEnnvviirroonnmmeennttaall  RReessoouurrccee  AAsssseessssmmeenntt – Inven-

tories of marine, coastal and islands natural and

human resources are a necessary first step for suc-

cessful management programs. To enhance reso-

urce development capabilities, a country or local

community should acquire and maintain a com-

prehensive inventory of the physical and biolog-

ical resources of the coastal area as well as their

uses and users. 

22..  EEnnvviirroonnmmeennttaall  IImmppaacctt  AAsssseessssmmeenntt  ((EEIIAA)) – In-

formation about the impact marine aquaculture

(or any other activity) will have on the environ-

ment, must be provided in a clear form to decisi-

on-makers and stakeholders. Impact assessments

should be incorporated in each phase of aqua-

culture development projects. It also has to pres-

ent clear options for the mitigation of impacts and

for environmentally sound management. Impact

assessment should be based on the best avail-

able knowledge and provide timely technical infor-

mation to environmental decision makers, while

acknowledging uncertainties.

33..  PPoolliiccyy  FFrraammeewwoorrkk – Formulation of a policy

framework for coastal and marine management

must address cross-sectoral issues that infringe on

coastal resource management and national deve-

lopment planning. The basic approach is to re-

view and analyze existing institutional and legal

mechanisms (including regulations) for integrated

coastal and marine management and aquacul-

ture development potential. Based on this review,

the country should propose a generic institutional

and legislative framework to address coastal issues

and encourage integrating aquaculture in the co-

astal zone management plan. 

44..  EEccoonnoommiicc  eevvaalluuaattiioonn  aanndd  rreegguullaattoorryy  mmeeaassuurreess –

Economic evaluation is an important component

of a systematic assessment of coastal resources and

potential aquaculture development. It provides an

economic framework from which differing adap-

tation strategies (solutions) can be studied.

55..  IImmpplleemmeennttaattiioonn – The success of a coastal re-

source management program is based on the co-

untry’s ability to understand how an effectively esta-

blished program manages natural and human

coastal resources. It is necessary to establish monitor-

ing and evaluation of land and marine use deci-

sions and changes in coastal resources, as well as

in their integral uses.

66..  MMoonniittoorriinngg  aanndd  eevvaalluuaattiioonn – The purpose for

monitoring of marine aquaculture practices is to

assure that the major policies are properly imple-

mented. Environmental Quality Standards (EQS)

should be part of such major policy whether it is

17
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at national, or at county levels. Monitoring will as-

sess the cumulative effects of changes and assure

that management program elements for aqua-

culture are adjusted to accommodate the environ-

mental demands set. It will provide multidis-

ciplinary data for a “feedback loop” evaluation of

our activities and their impacts on natural and hu-

man resources.

1.3. AQUACULTURE - A RISING

INDUSTRY THAT NEEDS

PLANNING

Aquaculture is the farming of aquatic orga-

nisms, including fish, molluscs, crustaceans

and aquatic plants. According to FAO statistics,

aquaculture’s contribution to global supplies of

fish, crustaceans and molluscs continues to grow,

increasing from 3.9% of total production by we-

ight in 1970 to 27.3% in 2000. Aquaculture is gro-

wing more rapidly than all other animal food

producing sectors. Worldwide, the sector has in-

creased at an average compounded rate of 9.2%

per year since 1970, compared with only 1.4% for

capture. Landings from worldwide aquaculture

have been increasing rapidly in the last decade,

approximately 10 to 15% per year depending on

the reference sources. According to FAO 2002,

total aquaculture in 1996 was 26.7 million ton-

nes, and in 2001 increased to 37.5 million t. The

world fisheries have stagnated at around 100 mil-

lion tonnes and the world’s need for seafood in

2030 is calculated to be 150 to160 million t. This

means that the aquaculture production will likely

double by 2030, reaching 50-60 million t.

Around the world, sustainable aquaculture has

proved in a number of cases to be a revitalizing

economic force in rural and coastal communities.

Aquaculture development will, however, influ-

ence its environment and will therefore be sub-

jected to various constraints. These include limi-

ted suitable sites, concerns regarding negative envi-

ronmental impacts, and multi-use conflicts. With-

out proper management of all components with-

in the ecosystem, the viability of the ecosystem is

threatened. 

The sustainable development of aquaculture

requires adequate consideration of interactions

among environmental, social, and economic

factors that accompany any development. At

every stage of the production cycle, intensive

aquaculture has to manage the risks associated

with water and with all the physical effects of

nature. In a climate of competition of different

coastal users, selection of sites for aquaculture is

of vital importance, since quality and characte-

ristics of the site are essential for both farming

performances and reduction of negative impact

on the environment. Conflicts are expected in a

situation when basic biological knowledge is

missing, or/and when siting of an aquaculture

farm is done without using a multidisciplinary

territorial approach involving all interest parties.

Uncontrolled development and bad manage-

ment of intensive aquaculture can increase pollu-

tion of surrounding environment, and thus affect

the culture operation itself, reducing profitability

and, ultimately, resulting in its closure. Hence,

adequate and timely planning seems to be the only

viable solution for the future of this industry.

Table 1. Trends in World Auaculture
Production for different species groups in
million tones, FAO 2004

1990 1994 1998 2002

Finfish 88 1122,,55 2200 2211

Molluscs
44 77 1100 1122

Aquatic
plants

44 77 99 1122

Crustaceans 11 11,,55 22 33

Environmental
Quality
Standards, EQS

Aquaculture 
production 
statistics
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Sea bass and sea bream

SSeeaa  bbaassss  aanndd  sseeaa  bbrreeaamm  aarree  ggrroowwnn  iinn  ffllooaattiinngg

ccaaggeess..  TThheerree  aarree  4400  bbaassss  aanndd  bbrreeaamm  ffaarrmmss  

ddiivviiddeedd  iinn ttwwoo  ttyyppeess::  bbiigg  ffaarrmmss  wwiitthh  yyeeaarrllyy  

pprroodduuccttiioonn  ooff  220000--880000  ttoonnnneess  aanndd  ssmmaallll  ffaammiillyy

ffaarrmmss  wwiitthh  pprroodduuccttiioonn  5500--110000  ttoonnnneess..  

PPrroodduuccttiioonn  wwaass  ccoonnttiinnuuoouussllyy  iinnccrreeaassiinngg  aanndd  hhaass

ssttooppppeedd  aatt  22  550000  ttoonnnneess  iinn  22000022,,  ssttaayyiinngg  aatt  tthhee

ssaammee  lleevveell  iinn  22000033..  TThhee  mmaaiinn  mmaarrkkeett  ffoorr  tthheessee

pprroodduuccttss  iiss  tthhee  EEUU,,  aalltthhoouugghh  rreevviittaalliizzaattiioonn  ooff

ttoouurriissmm  hhaass  mmaaddee  tthhee  ddoommeessttiicc  mmaarrkkeett  mmoorree

aanndd  mmoorree  aattttrraaccttiivvee..

TThheerree  aarree  tthhrreeee  hhaattcchheerriieess  iinn  ooppeerraattiioonn  wwiitthh

ttoottaall  pprroodduuccttiioonn  ooff  aabboouutt  66  mmiilllliioonn  ooff  ffrryy  ppeerr

yyeeaarr  ((TTaabbllee  33))..  TThhiiss  ffrryy  pprroodduuccttiioonn  iiss  nnoott  

mmeeeettiinngg  tthhee  pprreesseenntt  rreeqquuiirreemmeennttss  ooff  ddoommeessttiicc

nneeeeddss,,  ssoo  aallmmoosstt  1100  mmiilllliioonn  ooff  ffrryy  aarree  iimmppoorrtteedd

eevveerryy  yyeeaarr..

1.5. STRATEGIC FRAMEWORK

FOR DEVELOPMENT OF THE

REPUBLIC OF CROATIA

(FOCUSING ON MARINE AQUA-

CULTURE)

Government of Croatia has, during 2002 and

2003, adopted several development strate-

gies, including the ones for nature and environ-

ment protection, tourism and fisheries (“Croatia in

the 21st Century”). Applicable measures based on

these strategies should be developed in the near fu-

ture, in order to enable each sector to develop as

well as to integrate the needs into a common goal.

Despite the differences and different points of

1999 2000 2001 2002

Bass 33..000033..000000 44..664455..000000 55..111144..000000 55..000077..000000

Bream 228855..000000 00 111133..000000 335533..000000

Table 3. Production of fry in Croatia 
(in pieces)

view, all sectors agree in one – that the lack of

integral management and planning is the key

“missing link” in the development of Croatia, and

particularly its coastal zone.

Marine aquaculture strategy forms an integral

part of the Fisheries Strategy of Croatia. Its main

features are the increase of production and the

development of the sector. During the next 10

years, marine aquaculture finfish production is

planned to increase to 10 000 t/year, shellfish

production to 20 000 t/year and all this is to be

achieved by respecting the highest ecological

standards of production. Main determinants in

achieving these goals are farming of indigenous

species, increasing environmental standards, reduc-

tion of production costs, and product quality. 

1.4. CROATIAN MARINE AQUA-

CULTURE - A BRIEF OVERVIEW

Croatian marine aquaculture predominantly in-

cludes production of Mediterranean sea bass

(Dicentrarchus labrax), Gilthead sea bream (Spa-

rus aurata) and bluefin tuna (Thunnus thynnus).

Shellfish production is mostly composed of black

mussel (Mytilus galloprovincialis) and European

flat oysters (Ostrea edulis).

“Croatia in the
21st Century”,
development

strategy

Chapter 1 

Table 2. Marine aquaculture production in
Croatia (in tonnes)

1998 1999 2000 2001 2002

Tuna 440000 669900 11116677 33004455 33997711

Bass
and
bream

11774477 11775500 22110000 22550000 22550000

Mussel
and
oyster

990000 11110000 11111111 33000000 22550000

TOTAL 33004477 33554400 44337788 88554455 88997711
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When considering integral planning of coastal

zones, two other important strategies have to be

taken into account – Environmental and nature

protection strategy and Tourism development stra-

tegy. The first one sets the overall environmen-

tal framework for all economic activities in the

Republic of Croatia, stressing the importance of

careful consideration of environmental protec-

tion and preservation. The second one provides a

framework and sets the goals for the development

of tourism activity, which often presents the main

conflicting activity to marine aquaculture and at

the same time presents the main development

orientation of the Republic of Croatia.

Environmental and nature protection strategy

states that the present situation is already alarm-

ing, indicating that the coastal pressures are ris-

ing and that an integrated approach is badly need-

ed. Strategy foresees integral management of

coastal areas. 

Tourism development strategy identifies an over-

all physical plan of Croatian tourism as a priority

in development, including strengthening of inter-

sectoral cooperation and taking into account of

environmental requirements and constraints to

the maximum possible extent.

Two other relevant strategies are the Strategy

for biological and landscape diversity and the Stra-

tegy of Physical Planning. The Program of Physi-

cal Planning and the County Physical Plans pro-

vide an important strategic framework for fu-

ture planning and development of coastal areas.

MAIN REFERENCES:

APPROACHES FOR ZONING OF COASTAL

AREAS WITH REFERENCE TO MEDITERRANEAN

AQUACULTURE; PAP/RAC, 1996

CODE OF CONDUCT FOR RESPONSIBLE

FISHERIES; FAO, 1995

FRANKIC, ANAMARIJA: COASTAL

MANAGEMENT & SUSTAINABLE AQUACULTURE

DEVELOPMENT IN THE REPUBLIC OF CROATIA-

CONTRIBUTION TO THE PROJECT ICZMP;

CENTER FOR COASTAL RESOURCE MANAGE-

MENT, VIRGINIA INSTITUTE OF MARINE SCIENCE,

COLLEGE OF WILLIAM AND MARY, USA, 2003

GREEN REPORT ON AGRICULTURE AND FISH-

ERIES IN CROATIA 2003; MAFWM, 2004

PLANNING AND MANAGEMENT FOR

SUSTAINABLE COASTAL AQUACULTURE

DEVELOPMENT; GESAMP NO.68, FAO,

2001

THE CONTRIBUTION OF SCIENCE TO

INTEGRATED COASTAL MANAGEMENT;

GESAMP NO. 65, FAO, 1997

www.hrvatska21.hr

Bluefin tuna

TTuunnaa  iiss  ggrroowwnn  iinn  sseemmii--ooffffsshhoorree  ffllooaattiinngg  ccaaggeess..

AAllll  pprroodduuccttiioonn  iiss  ccoonncceennttrraatteedd  oonn  tthhee  mmiiddddllee

ccooaasstt  iissllaannddss..  TThheerree  aarree  ssiixx  ttuunnaa  ffaarrmmss,,  

pprroodduucciinngg  550000--11..000000  ttoonnnneess  eeaacchh..  TThhiiss  iiss  tthhee

mmoosstt  rraappiidd  ggrroowwiinngg  mmaarriinnee  aaqquuaaccuullttuurree  aaccttiivviittyy,,

wwhhiicchh  iinn  sseevveenn--yyeeaarrss  ffrroomm  ttoottaall  pprroodduuccttiioonn  ooff

4400  ttoonnnneess  hhaass  rreeaacchheedd  oovveerr  44..000000  ttoonnnneess  iinn

22000033..  OOnnee  ooff  tthhee  lliimmiittiinngg  ffaaccttoorrss  ffoorr  iittss  ffuuttuurree

iinnccrreeaassee  iiss  aa  ccaattcchhiinngg  qquuoottaa,,  wwhhiicchh  CCrrooaattiiaa  hhaass

ttoo  ffoollllooww  aass  aa  mmeemmbbeerr  ooff  IInntteerrnnaattiioonnaall  

CCoommmmiissssiioonn  ffoorr  tthhee  CCoonnsseerrvvaattiioonn  ooff  AAttllaannttiicc

TTuunnaass  ((IICCCCAATT))..
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Chapter 2 

CHAPTER 2: 

MARINE 

AQUACULTURE 

– A SHORT 

INTRODUCTION TO

THE INDUSTRY 

I n this Chapter a general presentation of

marine aquaculture is provided. Major consi-

derations in marine aquaculture are the species

and the technologies applied, which in turn re-

quire different parameters from the environment. 

2.1. GENERAL CONSIDERATIONS

According to FAO definition, aquaculture is

the farming of aquatic organisms, including

fish, molluscs, crustaceans and aquatic plants 

There is a great diversity in the number of aqua-

culture systems available (open, closed, semi-

closed, land based) and the degree of intensity of

the operation – extensive, semi-intensive, inten-

sive, and super-intensive.

Aquaculture relies heavily on natural resources

– land/space, energy and water. The technology

should be linked to both biology of the cultured

animal and to the culture systems itself. 

A clear relationship exists between these main

elements whose cost and availability are main

determinants to match species and the type of

the system (Fig. 1). In considering methods (inten-

sive, semi-intensive extensive) and culturing tech-

niques (lagoon system or enclosures, land based

production, cage culture) in a given zone, there

would be need to assess the availability and cost

of the individual resource. Thus, if land is scarce

and costly, a cage system that requires less area

may be a proper solution. 

Figure 1: Cost of the main resources (land, water,
energy) as related to various culturing systems.

2.2. CLASSIFICATION OF 

AQUACULTURE

BY LEVEL OF CONTROL

EXTENSIVE AQUACULTURE

Any culture system that does not require sup-

plemental feeding to support or grow the spe-

cies may be characterized as extensive aquacul-

ture. Two types of extensive aquaculture are com-

monly practiced:

fish culture in brackish lagoons or enclo-

sures refers to the culture of the organisms

in a habitat similar to their natural environ-

ment, where no additional food is used; co-

mpared to the intensive techniques, rearing

densities tend to be low. 

filter feeding (like mussel farming) culture,

which uses the water column’s natural pro-

ductivity. Food such as phytoplankton may

be a limiting resource for many extensively

cultured species such as mussels. Dense

Extensive

fish ponds

Cages Raceways Tanks Silos

Land WaterEnergy
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cultivation may reduce the quantity of sus-

pended and re-suspended material available.

INTENSIVE CULTURE

This covers the wide variety of technologies that

involve different degree of control over the envi-

ronment and the culture species themselves. It is

commonly practiced in containers, tanks or enclo-

sures, where the organisms rely on added feed for

their food supply. This type of production stra-

tegy may be divided according to location (sea ba-

sed or land based) and the degree of water move-

ment (reuse of water and flow-through systems). 

The most common system currently used in fish

farming of Croatia consists of intensive land-based

hatcheries for fry production and on-growing of

the juvenile fish in tanks, and transfer to sea cages

for growth up to marketable size. Sea bass and sea

bream are cultured mostly using this technology.

BY AREA

LAND BASED CULTURE

The primary advantage of a system where the fa-

cilities are based on land is that the culturist has

a significant amount of control over fish and the

culture environment. They provide the possibility

for treatment of the effluent and trap escaping

fish. The disadvantages normally include higher

construction and operating costs, and in some ca-

ses lack of land-area. 

SEA BASED SYSTEMS

Cages may be placed in-shore and offshore. The

advantage of cages over other systems is the

low capital investment compared with land-ba-

sed flow through or recycling systems. Some com-

parisons between the in-shore and offshore are

given in Table 4. In-shore systems are mainly used

for rearing of sea bass and sea bream, while

offshore technology applies for tuna farming. The

difference between in-shore and offshore is in

the level of exposure. Semi-offshore system can

be used for all species, and represents an interme-

diate category between the two. The most expen-

sive technology is offshore.

BY TECHNOLOGY

HATCHERIES

Hatcheries are installations where rearing of fish

from spawning until pre-growing size or transfer

to the cages takes place. They are all land-based

in which good control over operations is estab-

lished. 

Intensive hatcheries are most commonly used

by industrial scale production. Broodstock are kept

in hatcheries under specific and completely con-

trolled conditions. Hatcheries for shellfish differ

in construction from those for finfish. 

Table 4. General relationships between in-
shore and off-shore aquaculture practices

Legend: + indicates positive relationship
- indicates negative relationship

in-shore VS. offshore

+ VVUULLNNEERRAABBIILLIITTYY –

+ OOPPEERRAATTIIOONNAALL  CCOOSSTTSS –

+ AACCCCEESSSSIIBBIILLIITTYY –

+ CCAAPPIITTAALL  IINNVVEESSTTMMEENNTT –

– RRIISSKK  OOFF  SSEELLFF--PPOOLLLLUUTTIIOONN +

– RREEDDUUCCEEDD  WWAATTEERR
QQUUAALLIITTYY +

– PPAARRAASSIITTEESS +

– FFOOUULLIINNGG +

– UUSSEERR  CCOONNFFLLIICCTTSS +

– SSUURRVVIIVVAALL +
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There are two main types of technologies

applied in hatcheries – flow-through and recircu-

lation systems. In a flow-through system water

usually passes through only once. Recirculation sys-

tems are predominantly used in the hatcheries of

marine finfish. In these systems a certain portion

of water is re-used. This system offers some advan-

tages over flow-through systems in terms of ma-

nagement of production, water and heat conser-

vation and freedom from site limitations. Disease

control, biological performance and production

management tend to be limited when compared

to flow through systems. Other disadvantages are

high capital and operational costs involved, but

production costs per produced fish need not ne-

cessary be higher.

Tanks are used for pre-growing of finfish prior

to transfer to cages. For some species and some

areas the total production cycle is undertaken in

tanks. In terms of technology, tanks employ either

flow-through or recirculation systems. 

CAGE CULTURE

There are three main types of cage technology

applied today – submersed, semi-submersed and

floating cages. Submersed cages are not used in

the Republic of Croatia. Floating cages are kept

on the surface by a system of buoys or other type

of a floating device/frame. The netting is suspen-

ded from the frame. The size of the netting de-

pends on the species and site. The shape of the

cages is usually rectangular for fry keeping, and

circular for larger fish sizes. This system may inter-

act with the environment, depending on the na-

tural characteristics of the water where it is placed.

Possibilities of environmental control are virtually

non-existent. 

PARKS

Park rearing technology is applied for shellfish far-

ming. Parks may be fixed or floating. Oysters

spat (Crassostrea gigas, Ostrea edulis) is collect-

ed from the wild by suspending plastic nets or tree

branches deposited in spawning areas. They

can also be collected naturally after settlement

from spawning adults kept in small tanks and race-

ways or from more intensive hatcheries. Adults

are kept in suspended culture cemented on rafts

or long lines. Mussels spat (Mytilus galloprovin-

cialis) are also collected from the wild from sus-

pended rope placed into the upper layer of water

column (from surface to thermocline - epilimnion)

of mussel farm. Adults are on-grown by means of

plastic perforated nettings hanged from rafts or

floating long lines. Future growth of mussel cul-

ture would be oriented towards modern long-line

culture with significant mechanization of culture

process.

2.3. SPECIES AND

ENVIRONMENTAL REQUIREMENTS 

Apart from species currently reared in the Repu-

blic of Croatia, there are several other spe-

cies of interest for marine aquaculture (Table 5).

REQUIREMENTS

All species reared are affected by the hydrogra-

phical and biological characteristics of the envi-

ronment. Knowledge of the tolerance of certain

factors is particularly important for implementing

aquaculture operations and assessing both the

success and maximum capacity of an environ-

ment. Farmed fish, particularly the ones reared

in floating cages, interact with their environment,

and therefore environment itself can significant-

ly affect the economics of the culturing opera-

tions. Although at present the sheltered coastal

zones are often used as technology progresses,

the future developments are likely to take place

in the more offshore areas. Fish have more or less

specific environmental requirements, which chan-

ge depending on life stage. For optimal farmed

fish performance (survival, growth, reproduction)

rearing environment should correspond as close-

ly as possible to the biological needs of the certain
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species (Table 6, 7, 8, Fig 2). The main parameters

are: temperature, salinity, pH, oxygen saturation,

ammonia, waves and depth.

Table 5. Existing and potential species of
interest for marine aquaculture in Croatia

Table 6. Maximum levels of ammonia for
long duration exposure without affecting
growth and conversion index

Table 7. Optimum and lethal temperature
for some farmed fish species

*Rainbow trout: parameters differ in fresh and marine
water. In marine water MMaaxx  ooCC  3300oo--3322oo  MMiinn  ooCC  00--11,,  iinn  ffrreesshh
wwaatteerr  MMaaxx  ooCC  2244oo--2255oo  MMiinn  ooCC  00..

SSPPEECCIIEESS CCaaggeess LLaanndd
bbaasseedd

CCaaggeess
iinn--sshhoorree

CCaaggeess
ooffffsshhoorree

SSeeaa  bbaassss ++ ++ ++ ++

SSeeaa  bbrreeaamm ++ ++ ++ ++

RRaaiinnbbooww  ttrroouutt ++ ++ ++

SSaallmmoonn ++ ++ ++ ++

TTuurrbboott ++ ++

PPllaaiiccee ++

EEuurrooppeeaann  eeeell ++

BBlluueeffiinn  ttuunnaa ++ ++

BBiivvaallvveess ((++)) LLoonngg--
lliinneess

GGaassttrrooppooddss ((++)) LLoonngg--
lliinneess

CCeepphhaallooppooddss ((++)) EEnncclloo--
ssuurreess

SSPPEECCIIEESS
AAmmmmoonniiaa  lleevveell  iinn  wweeiigghhtt  ooff  

nniittrrooggeenn  NN--NNHH33 ((mmgg//mmll))

OOnnccoorrhhyynncchhuuss
mmyykkiissss 00,,44--00,,1144  ((aafftteerr  aacccclliimmaattiizzaattiioonn))

DDiicceennttrraarrcchhuuss
llaabbrraaxx 00,,22

SSppaarruuss  
aauurraattaa 00,,22

TThhuunnnnuuss  
tthhyynnnnuuss 00,,1111

PPlleeuurroonneeccttee
ppllaatteessssaa 00,,0066

HHoommmmaarruuss sspp.. 00,,1144

SSPPEECCIIEESS OOppttiimmuumm  ggrroowwtthh

((ooCC))

OOppttiimmuumm  ffoooodd  

ccoonnvveerrssiioonn  ((ooCC))

MMaaxx  ooCC  LLtt5500 MMiinn  ooCC  LLtt5500

RRaaiinnbbooww  ttrroouutt** 1144oo--1166oo 1155oo 2255,,55oo

AAttllaannttiicc  ssaallmmoonn 1133oo--1155oo 1144oo 2255oo --00,,88oo

SSeeaa  bbaassss 2222oo--2233oo 2222oo 3300oo--3322oo 11oo

GGiilltthheeaadd  sseeaa  bbrreeaamm 2255oo--2266oo 2244oo 3322oo--3344oo 55oo

TTuurrbboott 1199oo 1166oo 2288oo--3300oo 22oo

PPllaaiiccee 1155oo 1166--1188oo

EEuurrooppeeaann  eeeell 2222oo--2266oo 3333oo 99oo--1111oo

MMuulllleett  MMuuggiill  cceepphhaalluuss 2288oo 3344oo 44oo

BBlluueeffiinn  ttuunnaa 2233oo--2255oo

guidelines 26062006.qxp  5.7.2005  0:50  Page 24



25
Zagreb 2005

Chapter 2 

SSPPEECCIIEESS MMiinn  ooCC  

LLtt5500

MMaaxx  ooCC  

LLtt5500

MMiinn  %%oo

SSll5500

MMaaxx  %%oo

SSll5500

DDeepptthh

((mm))

MMuusssseell 55oo 2266oo--2277oo 1177 3399 4400

OOyysstteerr 22oo 2244oo--2255oo 1155 3388 3300

CCrraassoossttrreeaa  
ggiiggaass 00oo 2277oo 1122 3399 1100

TTaappeess  
ddeeccuussssaattuuss 11oo--22oo 2277oo 1188 3388 5500??

TTaappeess  
pphhiilliippppiinnaarruumm 22oo--33oo 2288oo 1188 3388 5500??

ssccaalllloopp 55oo--66oo 2255oo 2233 3388 112200

GGAASSTTRROOPPOODD

HHaalliioottiilliiss  
ttuubbeerrccuullaattaa

55oo 2233oo 2255 3388 2200

CCEEPPHHAALLOOPPOODD

SSeeppiiaa  
ooffffiicciinniiaalliiss

66oo 2277oo 2255 3388 5500

Table 8. Biophysical limits for several species
of bivalves, Haliotilis tuberculata (gastropods)
and Sepia officinalis (cephalopods)

BBOOXX 11::  KKEEYY PPAARRAAMMEETTEERRSS IINN RREEAARRIINNGG OOFF

MMAARRIINNEE SSPPEECCIIEESS

SEA BASS (DICENTRARCHUS LABRAX)

--  llaarrvvaall  tteemmppeerraattuurree  1188--2200°°CC,,  ssuurrvviivvaall  4400  ttoo  5500%%

--  oonn  ggrroowwiinngg  aatt  2200--2255°°CC  wwiitthh  ooppttiimmuumm  ooff  2222  ttoo  2233°°CC

--  ssaalliinniittyy  rraannggee  ffrroomm  33  ttoo  4400  pppptt,,  wwiitthh  aann  ooppttiimmuumm

ooff  2277--2288  pppptt

--  rreeaacchhiinngg  330000  ttoo  440000  gg  wwiitthhiinn  2200  mmoonntthhss  wwiitthh  8800  ttoo

8855%%  ssuurrvviivvaall  aanndd  ssttoocckkiinngg  ddeennssiittyy  ffrroomm  1100  ttoo  2200  kkgg  //mm33

SEA BREAM (SPARUS AURATA)

--  llaarrvvaall  tteemmppeerraattuurree  1188  ttoo  2211°°CC

--  oonn--ggrroowwiinngg  aatt  2222  ttoo  2266°°CC,,  wwiitthh  aann  ooppttiimmuumm  ooff

2244°°CC  

--  rreeaacchhiinngg  330000  ttoo  440000  ggrraammss  wwiitthhiinn  1188  mmoonntthhss  

BBootthh  ssppeecciieess  sshhaallll  bbee  kkeepptt  iinn  wwaatteerr  wwiitthh  ssuuffffiicciieenntt

ooxxyyggeenn  ccoonncceennttrraattiioonn..  TThhee  ooppttiimmaall  ooxxyyggeenn  lleevveellss  vvaarryy

ddeeppeennddiinngg  oonn  bbootthh  aabbiioottiicc  ffaaccttoorrss  ssuucchh  aass  tteemmppeerr--

aattuurree,,  ssaalliinniittyy,,  ccaarrbboonn  ddiiooxxiiddee  ccoonncceennttrraattiioonn,,  aammmmoonn--

iiaa,,  aanndd  PPhh;;  7700  %%  ooff  ooxxyyggeenn  ssaattuurraattiioonn  iiss  aa  mmiinniimmuumm  ttoo

ssuuppppoorrtt  ggoooodd  ggrroowwtthh..  TThhee  mmaaxxiimmuumm  lleevveell  ooff  CCOO22
sshhoouulldd  nnoott  eexxcceeeedd  3355  mmgg//ll..  SSttoocckkiinngg  ddeennssiittyy  iinn  tthhee

ccaaggeess  iiss  ffrroomm  1122--1155  kkgg//mm33

COMMON DENTEX (DENTEX DENTEX)

--  llaarrvvaall  tteemmppeerraattuurree  2200  ttoo  2233°°CC

--  oonn  ggrroowwiinngg  aatt  2222  ttoo  2266°°CC  

--  rreeaacchheess  550000  gg  aafftteerr  2200  mmoonntthhss  wwiitthh  ssuurrvviivvaall  aatt  6600%%

WHITE SEA BREAM (DIPLODUS SARGUS)

--  ssllooww--ggrroowwiinngg  ssppaarriiddss

--  iinn  aabboouutt  2200  mmoonntthhss  rreeaacchh  220000  ttoo  225500  gg  wwiitthh  ssuurrvvii--

vvaall  6600  ttoo  7700%%

--  llaarrvvaall  ssuurrvviivvaall  iiss  uupp  ttoo  2200%%  aatt  2200  ttoo  2222°°CC

COMMON SEA BREAM (PAGRUS PAGRUS)

--  llaarrvvaall  tteemmppeerraattuurree  ffrroomm  1188--2200°°CC

--  oonn--ggrroowwiinngg  aatt  1199  ttoo  2244°°CC

--  ggiivveess  660000  ttoo  770000  ggrraammss  ffiisshh  aafftteerr  ttwwoo  yyeeaarrss  wwiitthh

7700%%  ssuurrvviivvaall..  

Figure 2: Preferred temperature (oC) and 
salinity (ppt) under which gametogenesis
occurs in several species of molluscs related to
Adriatic conditions. 
Mg-Mytilus galloprovincialis; Oe-Ostrea edulis; 
Cg-Crassostrea gigas; Td-Tapes decussatus; 
Ht-Haliotis tuberculata
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BBOOXX 11  CCOONNTTIINNUUEEDD::  KKEEYY PPAARRAAMMEETTEERRSS IINN RREEAARRIINNGG OOFF MMAARRIINNEE SSPPEECCIIEESS

DUSKY GROUPER (EPINEPHELUS MARGINATUS)

--  ddeevveellooppmmeenntt  ooff  aapppprroopprriiaattee  hhaattcchheerryy  tteecchhnnoollooggyy  hhaass  pprroovveedd  eexxttrreemmeellyy  ddiiffffiiccuulltt  

--  ssuurrvviivvaall  aafftteerr  mmeettaammoorrpphhoossiiss  iiss  eexxcceeeeddiinngg  9900%%,,  bbuutt  ffrroomm  hhaattcchhiinngg  uunnttiill  ddaayy  8800  wwhheenn  tthhee  iinnddiivviidduuaallss  wweeiigghh--

iinngg  aarroouunndd  22  ggrraammss  iiss  aass  llooww  aass  1100--1122%%

--  oonn--ggrroowwiinngg  aatt  2244  ttoo  2288°°CC  mmaayy  pprroodduuccee  11  kkgg  ffiisshh  aafftteerr  ttwwoo  yyeeaarrss  

YELLOW TAILED AMBERJACK (SERIOLA DUMERILI)

--  iitt  iiss  ssttiillll  ddiiffffiiccuulltt  ttoo  oobbttaaiinn  ffeerrttiilliizzeedd  eeggggss  aanndd  llaarrvvaall  ssuurrvviivvaall  iiss  ssttiillll  llooww  ((<<55%%))

--  llaarrvvaall  tteemmppeerraattuurree  iiss  2200  ttoo  2222°°CC

--  oonn--ggrroowwiinngg  aatt  2200  ttoo  2222°°CC  ggiivveess  11  kkgg  aafftteerr  11  yyeeaarr,,  33  kkgg  aafftteerr  22  yyeeaarrss  aanndd  66  kkgg  aafftteerr  33  yyeeaarrss  wwiitthh  9900%%  ssuurrvviivvaall..

SOLE (SOLEA SOLEA)

--  aatt  1188°°CC  llaarrvvaall  ssuurrvviivvaall  tthhrroouugghh  mmeettaammoorrpphhoossiiss  rreeaacchheess  uupp  ttoo  7700%%

--  oonn--ggrroowwiinngg  aatt  1166  ttoo  1188°°CC  bbrriinnggss  ffiisshh  uupp  ttoo  225500  gg  iinn  ttwwoo  yyeeaarrss  wwiitthh  ssuurrvviivvaall  aabboovvee  9900%%  aatt  ssttoocckkiinngg  ddeennssiittyy

2200  ttoo  3300  kkgg//mm22

--  ooppttiimmaall  tteemmppeerraattuurree  ffoorr  tthhee  eeaarrllyy  ssttaaggeess  iiss  aarroouunndd  2200°°CC

--  jjuuvveenniilleess  ccaann  rreeaacchh  ssiizzee  ooff  2244  ccmm  ((aapppprrooxxiimmaatteellyy  112255  gg))  iinn  lleessss  tthhaann  11  yyeeaarr

OTHER FLATFISH SPECIES

FFllaattffiisshh  mmaayy  aallssoo  hhaavvee  aann  iimmppoorrttaanntt  rroollee  ttoo  ppllaayy  iinn  llaanndd--bbaasseedd  aaqquuaaccuullttuurree..  FFlloouunnddeerr  ((PPlleeuurroonneecctteess  ppllaatteessssaa))

aanndd  ttuurrbboott  ((SScchhoopphhtthhaallmmuuss  mmaaxxiimmuuss))  aarree  ppootteennttiiaallllyy  iinntteerreessttiinngg  ssppeecciieess..  SSuucchh  ssppeecciieess  aarree  pprreeddoommiinnaannttllyy

rreeaarreedd  iinn  rree--cciirrccuullaattiinngg  ssyysstteemmss..  

AAdduullttss  aarree  vveerryy  rroobbuusstt  aanndd  iinn  aa  ccaassee  ooff  ttuurrbboott  tthheeyy  ccaann  bbee  kkeepptt  aatt  ddeennssiittiieess  hhiigghheerr  tthhaann  2255  kkgg//mm22..  IInn  aarreeaass

wwhheerree  tteemmppeerraattuurreess  eexxcceeeedd  2222°°CC  tthhee  aadduullttss  mmyy  hhaavvee  rreedduucceedd  ggrroowwtthh  aanndd  aarree  mmoorree  ssuusscceeppttiibbllee  ttoo  ddiisseeaassee

pprroobblleemmss  wwiitthh  ccoonnsseeqquueenntt  lloowweerr  yyiieellddss..  

LOBSTER (HOMMARUS SP., PALINURUS SP.)

LLoobbsstteerr  jjuuvveenniilleess  ccaann  bbee  rreeaarreedd  ffoorr  rreessttoocckkiinngg  oorr  aarrttiiffiicciiaall  pprrooppaaggaattiioonnss..  AAtt  pprreesseenntt,,  pprroossppeecctt  ffoorr  ccoommmmeerrcciiaall

lloobbsstteerr  ffaarrmmiinngg  aarree  ppoooorr..  SSoommee  eexxppeerriimmeennttaall  ttrriiaallss  iinn  oonn--ggrroowwiinngg  ssmmaallll  lloobbsstteerrss  ccoolllleecctteedd  ffrroomm  tthheeiirr  nnaattuurraall

hhaabbiittaatt  aarree  ggooiinngg  oonn  iinn  CCrrooaattiiaa  ((VVIIPP  pprroojjeecctt,,  MMiinniissttrryy  ooff  AAggrriiccuullttuurree,,  FFoorreessttrryy  aanndd  WWaatteerr  MMaannaaggeemmeenntt))..

BLUEFIN TUNA (THUNNUS THYNNUS)

TTuunnaa  ffaarrmmiinngg  iiss  bbaasseedd  oonn  tthhee  hhaarrvveessttiinngg  ooff  lliivvee  wwiilldd  jjuuvveenniillee  ffiisshh,,  aanndd  tthheeiirr  ssuubbsseeqquueenntt  rreeaarriinngg  iinn  tthhee  ffllooaatt--

iinngg  ccaaggeess..  LLaarrggee  ssppeecciimmeennss  aarree  ccaappttuurreedd  aanndd  ffeedd  dduurriinngg  sshhoorrtt  ppeerriiooddss  ooff  ttiimmee  ((44  ttoo  66  mmoonntthhss))  aaiimmeedd  mmoosstt--

llyy  ttoo  iinnccrreeaassee  tthhee  ffaatt  ccoonntteenntt  ooff  tthhee  ffiisshh,,  wwhhiicchh  ssttrroonnggllyy  iinnfflluueenncceess  tthhee  pprriicceess  ooff  ttuunnaa  mmeeaatt  oonn  tthhee  JJaappaanneessee

ssuusshhii  mmaarrkkeett..  SSuucchh  aa  pprraaccttiiccee  ccaann  aallssoo  bbee  rreeffeerrrreedd  ttoo  aass  ““ttuunnaa  ffaatttteenniinngg””..  HHoowweevveerr,,  ssmmaallll  iinnddiivviidduuaallss  aarree

rreeaarreedd  tthhrroouugghh  ssttaannddaarrdd  ffiisshh  ffaarrmmiinngg  pprraaccttiiccee  dduurriinngg  ffeeww  yyeeaarrss  aaiimmiinngg  ttoo  iinnccrreeaassee  ffiisshh  wweeiigghhtt  aanndd  cchhaannggee

ffaatt  ccoonntteenntt  ooff  tthhee  fflleesshh..

AA  ssuuiittaabbllee  rreeaarriinngg  ssiittee  mmuusstt  hhaavvee  ggoooodd  eexxcchhaannggee  ooff  wwaatteerr,,  hhiigghh  ttrraannssppaarreennccyy,,  aanndd  hhiigghh  ddiissssoollvveedd  ooxxyyggeenn..  IInn

mmoosstt  ccaasseess  iinn  CCrrooaattiiaa,,  tthhee  ssttoocckkiinngg  ddeennssiittyy  iiss  nnoott  eexxcceeeeddiinngg  33kkgg//mm33..
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SShhoorrtt  lliisstt  ooff  ssttrreessssoorrss  aanndd  mmiittiiggaattiioonn  ooppttiioonnss  iinn  mmaarriinnee  ccaaggee  aaqquuaaccuullttuurree

Aquaculture is subjected to a variety of negative impacts from the environment. Below follows a list

(Table 9) of some of them and how to avoid the perils:

TTHHRREEAATT MMIITTIIGGAATTIIOONN

DDIISSCCHHAARRGGEE OOFF SSEEWWAAGGEE,,  OORR MMUUNNIICCIIPPAALL RRUUNN--OOFFFF

MMiiccrroobbiiaall  aanndd  vviirraall  llooaaddiinngg;;  ((hhyyppeerr))  eeuuttrroopphhiiccaattiioonn;;

ssttiimmuullaattee  aallggaall  ggrroowwtthh  ((bblloooommss))  

TThhee  rreeccoommmmeennddeedd  ddiissttaannccee  ffrroomm  tthhee  oouuttlleett  wwiillll

ddeeppeenndd  ooff  tthhee  ddiilluuttiinngg  ccaappaacciittyy..  MMoonniittoorriinngg  ooff  ooxxyyggeenn

lleevveellss  iinn  tthhee  ccaaggeess  iiss  rreeccoommmmeennddeedd

RRUUNN OOFFFF FFRROOMM IINNDDUUSSTTRRIIEESS AANNDD MMIINNIINNGG AACCTTIIVVIITTIIEESS

((IINNDDUUSSTTRRIIAALL PPOOLLLLUUTTIIOONN))

CChheemmiiccaall  iinndduussttrryy  aanndd  MMiinniinngg  iinndduussttrryy;;  rriisskk  ooff  

ccoonnttaammiinnaattiioonn  bbyy  ttooxxiicc  ssuubbssttaanncceess;;  rreelleeaassee  ooff

ssaannddyy  oorr  mmuuddddyy  ((ttuurrbbiidd))  wwaatteerr

AAvvooiidd  tthhee  ccoonnttaammiinnaatteedd  aarreeaa

RREELLEEAASSEE OOFF CCOOOOLLIINNGG WWAATTEERR FFRROOMM EE..GG..  PPOOWWEERR PPLLAANNTTSS

CChhaannggiinngg  ((ppeerriiooddiiccaallllyy))  tthhee  tteemmppeerraattuurree  rreeggiimmee::

ssttrreessssiinngg  ffaaccttoorr

EEiitthheerr  aavvooiidd  tthhee  aarreeaa  oorr  ttaakkee  aaddvvaannttaaggee  ooff  tthhee  eelleevvaatteedd

tteemmppeerraattuurree  ddeessiiggnniinngg  tthhee  ffaarrmm,,  cchhooiiccee  ooff  ssppeecciieess  aanndd

pprroodduuccttiioonn

RRUUNN--OOFFFFSS FFRROOMM LLAANNDD FFIILLLLSS

((uunnccoonnttrroolllleedd  oorr  nnoott)),,  ootthheerr  wwaassttee  ddiissppoossaall  

ssyysstteemmss,,  ttooxxiicc  eeffffeeccttss,,  eeuuttrroopphhiiccaattiioonn

AAvvooiidd  tthhee  aarreeaa  oorr  aappppllyy  mmoorree  ffrreeqquueenntt  mmoonniittoorriinngg..  

OOIILL SSPPIILLLLSS

CCaann  ccaauussee  llaarrggee  ssccaallee  ffiisshh  kkiillllss;;  aabbssoorrppttiioonn  ooff  

hhyyddrrooccaarrbboonnss  bbyy  sshheellll  ffiisshh

AAss  ffoorr  ootthheerr  aacccciiddeennttss  ––  ccoonnttaacctt  rreelleevvaanntt  aauutthhoorriittyy;;

MMoovvee  ccaaggeess  ttoo  ootthheerr  ssiitteess

RREELLEEAASSEE OOFF PPEESSTTIICCIIDDEESS,,  FFEERRTTIILLIIZZEERRSS,,  AANNTTII--FFOOUULLIINNGG AAGGEENNTTSS

CCaann  sseevveerreellyy  ccoonnttaammiinnee  ffiisshh  aanndd  sshheellllffiisshh  mmeeaatt
AAvvooiidd  ssuucchh  aarreeaass,,  mmaapp  tthhee  pprreevvaaiilliinngg  ccuurrrreennttss,,  ggeett

iinnffoorrmmaattiioonn  oonn  wwhheenn  tthhee  ddaannggeerr  ooff  rreelleeaassee  iiss  iimmmmiinneenntt

RREELLEEAASSEE OOFF UUNNFFOORREESSEEEENN HHAAZZAARRDDOOUUSS SSUUBBSSTTAANNCCEESS FFRROOMM PPOORRTTSS

AAllll  kkiinndd  ooff  ccoonnttaammiinnaattiioonn  ddeeppeennddiinngg  oonn  

ssuubbssttaanncceess  ddrriiffttiinngg  iinnttoo  tthhee  ccaaggeess

AAvvooiidd  ffaarrmmiinngg  cclloossee  ttoo  ssuucchh  aarreeaass

RREELLEEAASSEE OOFF VVAARRIIOOUUSS SSUUBBSSTTAANNCCEESS FFRROOMM OOTTHHEERR MMAARRIINNEE

AAQQUUAACCUULLTTUURREE FFAARRMMSS

IInnccrreeaasseedd  rraattee  ooff  ccoonnttaammiinnaattiioonn..

KKeeeepp  aa  ssaaffeettyy  ddiissttaannccee  ffrroomm  tthhee  ootthheerr  ffaarrmmss;;  llooookk  aatt

tthhee  ccuurrrreenntt  ppaatttteerrnn;;  ccoo--ooppeerraattee  wwiitthh  nneeiigghhbboouurriinngg

ffaarrmmss;;  ((ee..gg..::  ssyynncchhrroonniizzee  tthhee  mmeeddiiccaattiioonn));;  eessttaabblliisshh  aann

iinnffoorrmmaattiioonn  nneettwwoorrkk  bbeettwweeeenn  tthhee  ffaarrmmss  iinn  tthhee  aarreeaa

Table 9. Some threats and mitigations in marine aquaculture
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2.4. DISEASES AND DISORDERS

The main infectious diseases in sea bass and

sea bream farms are parasitic infestations,

bacterial diseases and viral diseases.

BBOOXX 22  DDIISSEEAASSEE PPRREEVVEENNTTIIOONN AATT DDIIFFFFEERREENNTT

SSTTAAGGEESS OOFF FFIISSHH LLIIFFEE CCYYCCLLEE

EEGGGGSS &&  LLAARRVVAAEE

TThhee  iimmmmuunnee  ssyysstteemm  ooff  mmaarriinnee  ffiisshh  ssppeecciieess  iiss  uunnddee--

vveellooppeedd  aatt  tthhiiss  ssttaaggee  aanndd  pprrootteeccttiioonn  ssttrraatteeggiieess  mmuusstt

tthheerreeffoorree  ccoonncceennttrraattee  uuppoonn  hhiigghh  qquuaalliittyy  eeggggss  bbee--

iinngg  kkeepptt  iinn  tthhee  cclleeaanneesstt  ppoossssiibbllee  eennvviirroonnmmeenntt..  DDiissiinn--

ffeeccttiioonn  aanndd  eennvviirroonnmmeennttaall  ccoonnttrrooll  aarree  tthhee  pprriimmaarryy

mmeetthhooddss  ooff  kkeeeeppiinngg  tthhee  ssttoocckk  ddiisseeaassee  ffrreeee..

DDiissiinnffeeccttiioonn  

EEnnvviirroonnmmeennttaall  CCoonnttrroollss    

FFRRYY

MMaarriinnee  ffiisshh  ffrryy  aarree  ssuusscceeppttiibbllee  ttoo  aa  wwiiddee  rraannggee  ooff  vvii--

rraall,,  bbaacctteerriiaall  aanndd  ppaarraassiittiicc  sseeccoonnddaarryy  iinnffeeccttiioonnss..  SSeeaa

bbrreeaamm  aarree  eessppeecciiaallllyy  pprroonnee  ttoo  aaccuuttee  mmoorrttaalliittiieess  dduuee ttoo

PPaasstteeuurreelllloossiiss..  TThhiiss  ccaann  bbee  mmiinniimmiisseedd  bbyy  ccaarreeffuull  hhuu--

ssbbaannddrryy  aanndd  tthhee  qquuaalliittyy  aanndd  cclleeaannlliinneessss  ooff  lliivvee  ffeeeedd..

IImmmmuunnoossttiimmuullaannttss  sshhoouulldd  bbee  mmiixxeedd  wwiitthh  tthhee  ddrryy

ffeeeedd..  

IImmmmuunnoossttiimmuullaannttss

CCaarreeffuull  hhuussbbaannddrryy//MMaannaaggeemmeenntt  

BBOOXX 22  CCOONNTTIINNUUEEDD::  DDIISSEEAASSEE PPRREEVVEENNTTIIOONN AATT

DDIIFFFFEERREENNTT SSTTAAGGEESS OOFF FFIISSHH LLIIFFEE CCYYCCLLEE

JJUUVVEENNIILLEESS

JJuuvveenniilleess  aarree  nnoorrmmaallllyy  ttrraannssffeerrrreedd  ttoo  oonnggrroowwiinngg  ssii--

tteess  aatt  11  ttoo  22  ggrraammss..  AA  mmiinniimmuumm  ssiizzee  ooff  11  ggrraamm  iiss  rree--

ccoommmmeennddeedd  ffoorr  iimmmmeerrssiioonn  vvaacccciinnaattiioonn,,  wwhhiicchh  sshhoouulldd

bbee  ccaarrrriieedd  oouutt  22  wweeeekkss  bbeeffoorree  ttrraannssffeerr..  IImmmmuunnoossttii--

mmuullaannttss  ccaann  bbee  uusseedd  ttoo  hheellpp  bboooosstt  tthhee  rreessppoonnssee  ttoo

tthhee  vvaacccciinnee  aanndd  ttoo  eennhhaannccee  tthhee  rreessiissttaannccee  ooff  jjuuvvee--

nniilleess  ttoo  tthhee  ssttrreessss  ooff  tthhee  mmoovvee..  DDeettaaiilleedd,,  aaccccuurraattee  ddiiaa--

ggnnoossiiss,,  sswwiifftt  iinntteerrvveennttiioonn  aanndd  ggoooodd  ppllaannnniinngg  wwiillll  mmii--

nniimmiissee  tthhee  ddiisseeaassee  rriisskk  iinn  hhaattcchheerriieess  aanndd  oonnggrrooww--

iinngg  ssiitteess..    IItt  iiss  pprreeffeerraabbllee  ttoo  vvaacccciinnaattee  sseeaa  bbaassss  aanndd  sseeaa

bbrreeaamm  jjuuvveenniilleess  aaggaaiinnsstt  PPaasstteeuurreelllloossiiss  aatt  tthhee  oonnggrrooww--

iinngg  ssiittee  aalltthhoouugghh  tthhiiss  iiss  aallssoo  ppoossssiibbllee  aatt  tthhee  hhaattcchheerryy..

VVaacccciinnaattiioonn  iiss  rreeccoommmmeennddeedd  44  ttoo  55  wweeeekkss  pprriioorr  ttoo  tthhee

ppeerriioodd  ooff  rriisskk..    

OONNGGRROOWWEERRSS

OOnnggrroowweerrss  wwiillll  bbee  eexxppoosseedd  ttoo  aa  nnuummbbeerr  ooff  ddiisseeaassee

pprroobblleemmss..  TThhee  mmoosstt  ssiiggnniiffiiccaanntt  ooff  tthheessee  aarree  PPaasstteeuu--

rreelllloossiiss,,  VViibbrriioossiiss,,  MMyyxxoobbaacctteerriioossiiss  aanndd  VViirraall  NNeerrvvoouuss

NNeeccrroossiiss  ((VVNNNN))..  PPaasstteeuurreelllloossiiss  aanndd  VViibbrriioossiiss  ccaann  bbee

pprreevveenntteedd  aanndd  ccoonnttrroolllleedd  uussiinngg  vvaacccciinneess,,  wwhhiicchh

sshhoouulldd  bbee  ttaarrggeetteedd  ttoo  tthhee  ppeerriiooddss  ooff  ggrreeaatteesstt  rriisskk..

TThheessee  wwiillll  vvaarryy  ffrroomm  ssiittee  ttoo  ssiittee  ddeeppeennddiinngg  oonn  sseeaassoonn--

aall  tteemmppeerraattuurree  ccyycclleess..  VViibbrriioossiiss  iiss  oofftteenn  aassssoocciiaatteedd

wwiitthh  tthhee  tteemmppeerraattuurree  fflluuccttuuaattiioonnss  iinn  sspprriinngg  aanndd  aauu--

ttuummnn..  IItt  mmaayy  hhoowweevveerr,,  bbeeccoommee  eennddeemmiicc  iinn  ccoonnssttaanntt

tteemmppeerraattuurree  ssyysstteemmss..  PPaasstteeuurreelllloossiiss  iiss  uussuuaallllyy  aassssoo--

cciiaatteedd  wwiitthh  hhiigghh  ssuummmmeerr  tteemmppeerraattuurreess..  EErrggoossaann  hhaass

bbeeeenn  sshhoowwnn  ttoo  hheellpp  ccoonnttrrooll  lloosssseess  aanndd  eennhhaannccee  rree--

ccoovveerryy  iinn  iinnffeecctteedd  ffiisshh..  IItt  ccaann  aallssoo  bbee  uusseedd  ttoo  rreedduuccee

mmoorrttaalliittiieess  dduuee  ttoo  VVNNNN..

GGeenneerraall  hheeaalltthh  mmoonniittoorriinngg  aanndd  iinnvveessttiiggaattiioonn  wwiillll

eennssuurree  tthhaatt  ccoorrrreecctt  pprreevveennttiivvee  mmeeaassuurreess  aarree  ttaakkeenn

aanndd  tthhaatt  iinn  tthhee  ccaassee  ooff  ttrreeaattmmeennttss  bbeeiinngg  aaddmmiinniisstteerr--

eedd  tthhee  ccoorrrreecctt  cchhooiiccee  ooff  pprroodduucctt  iiss  mmaaddee  aatt  aallll  ssttaaggeess!!

CCoonnccuurrrreenntt  ppaarraassiittiicc  iinnffeeccttiioonnss  hhaavvee  bbeeeenn  sshhoowwnn  ttoo

iinnccrreeaassee  tthhee  lleevveellss  ooff  mmoorrttaalliittyy  ccaauusseedd  bbyy  bbaacctteerriiaall

aanndd vviirraall  iinnffeeccttiioonnss..  

OOrraall  vvaacccciinneess  

IInnjjeeccttaabbllee  vvaacccciinneess

IImmmmuunnoossttiimmuullaannttss    

Table 10: Most common diseases of sea bass
and sea bream

PPaarraassiitteess BBaacctteerriiaall  
ddiisseeaasseess VViirraall  ddiisseeaasseess

TTrriiccooddiinnaa sspp VViibbrriioo  
aanngguuiillllaarruumm LLyymmpphhooccyyssttiiss

DDiipplleeccttaannuumm sspp VViibbrriioo  
ddaammsseellaa

VViirraall  NNeerrvvoouuss
NNeeccrroossiiss  ((VVNNNN))

CCaalllliigguuss PPaasstteeuurreellllaa  
ppiisscciicciiddaa

DDiisstteennddeedd  gguutt  
ssyynnddrroommee  ((DDGGSS))

MMiiccrroozzooaa PPsseeuuddoommoonnaass
aanngguuiilllliisseeppttiiccaa

MMyyxxoozzooaa
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BBOOXX 22  CCOONNTTIINNUUEEDD::  DDIISSEEAASSEE PPRREEVVEENNTTIIOONN AATT

DDIIFFFFEERREENNTT SSTTAAGGEESS OOFF FFIISSHH LLIIFFEE CCYYCCLLEE

BBRROOOODDSSTTOOCCKK

BBrrooooddssttoocckk  aarree  oonnee  ooff  tthhee  kkeeyyss  ttoo  tthhee  ffuuttuurree  ssuucc--

cceessss  ooff  tthhee  ffaarrmmiinngg  ooppeerraattiioonn  aanndd  ggrreeaatt  ccaarree

sshhoouulldd  bbee  ttaakkeenn  iinn  sseelleeccttiinngg  tthhee  ccoorrrreecctt  ffiisshh..  PPrroodduucc--

ttiioonn  qquuaalliittyy aanndd  ppeerrffoorrmmaannccee  cchhaarraacctteerriissttiiccss  aarree  tthhee

mmoosstt  iimmppoorrttaanntt  ttrraaiittss  ffoorr  wwhhiicchh  ffiisshh  aarree  sseelleecctteedd..

TThhee  ffiisshh  mmuusstt  bbee  kkeepptt  ffrreeee  ffrroomm  ddiisseeaassee  aanndd  iinn  aa

ssttrreessss--ffrreeee  eennvviirroonnmmeenntt  aanndd  bbee  pprroovviiddeedd  wwiitthh  hhiigghh

qquuaalliittyy  ffeeeedd..    
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CHAPTER 3: 

LEGISLATION,

PLANNING AND

LICENSE 

OBTAINING 

PROCEDURES

I n this Chapter, a brief outline of legislation fra-

mework related to marine aquaculture is given.

Particular attention is paid to European legislation

and Directives. National legislation framework in

the Republic of Croatia is briefly provided. Plan-

ning procedures are outlined, and current prac-

tice is described. License obtaining procedure is de-

scribed; identifying the steps for farmers and users.

Key gaps and problems are identified and some

suggestions for improvements are provided.

3.1. OVERALL INTERNATIONAL

FRAMEWORK

There are currently three international

Conventions on marine pollution covering

the coastal waters of EU states. All may have

some influence on the management and regula-

tion of marine aquaculture in the EU. These are:

The OOSSPPAARR Convention formed by 

the recent amalgamation of the 

general fields of activity of Oslo and 

Paris Conventions, and covering the 

northeast Atlantic north of Gibraltar, 

and west to Greenland and the 

mid-Atlantic Ridge. For details see 

www.ospar.org.

The HHeellssiinnkkii Convention covering the

Baltic Sea. For details see 

www.helcom.fi

The BBaarrcceelloonnaa Convention covering 

the Mediterranean Sea. For details 

see www.rempec.org/barcelona.html.

The BBaarrcceelloonnaa Convention has been

ratified by the Republic of Croatia

and is of interest for planners, 

decision makers and farmers in 

the Adriatic Sea.

BARCELONA CONVENTION

In 1975. all coastal Mediterranean states and

the EU signed the Barcelona Convention for the

Protection of the Mediterranean Sea against

Pollution. The Convention would allow the iden-

tification of priority environmental issues (causes

and effects) through coordinated monitoring

activities, and sought to harmonize and assist

Contracting Parties to raise the standards and obje-

ctives of national legislation. So far, there has been

no specific action within the Barcelona Conven-

tion directly concerning marine aquaculture. Amen-

ded text of the Conference has still not entered into

force in the Republic of Croatia.

The list of international conventions signed by

the Republic of Croatia, which are of interest for

marine aquaculture, is provided at the end of

this Chapter. 

3.2. EU REGULATIONS 

RELEVANT FOR MARINE 

AQUACULTURE

Joining the EU is a strategic goal of the Republic

of Croatia. Following the application for mem-

bership in 2002 and the avis and candidature in

2003, the Republic of Croatia has undertaken

to harmonize its national legislation with the one

of the EU. Hence, different EU regulations have
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already been incorporated into the national

framework, or shall be in near future.

EU Directives set up environmental protection

measures at three levels in the aquaculture sector:

i) general policy, ii) specific measures, and iii) regu-

lations which control specific local conditions.

Some of the main directives affecting aquacul-

ture are: 

-- DDaannggeerroouuss  SSuubbssttaanncceess  DDiirreeccttiivvee

((7766//446644//EEEECC)): lists of substances which are

toxic, persistent and which bio-accumulate

and those, which have a deleterious effect.

- DDiirreeccttiivvee  7766//116600//EEEECC concerning the 

quality of Bathing Water

- DDiirreeccttiivvee  7755//444400//EEEECC concerning the 

quality required of surface water intended

for the abstraction of drinking water in 

the Member States

- HHaabbiittaattss  aanndd  SSppeecciieess  DDiirreeccttiivvee  ((9977//6622//EECC))

on the coastal and estuarine activity of

aquaculture

- EEnnvviirroonnmmeennttaall  IImmppaacctt  AAsssseessssmmeenntt  

DDiirreeccttiivvee  ((CCoouunncciill  DDiirreeccttiivvee  9977//1111//EECC  ooff  33

MMaarrcchh  11999977  aammeennddiinngg  DDiirreeccttiivvee

8855//333377//EEEECC  oonn  tthhee  aasssseessssmmeenntt  ooff  tthhee

eeffffeeccttss  ooff  cceerrttaaiinn  ppuubblliicc  aanndd  pprriivvaattee  

pprroojjeeccttss  oonn  tthhee  eennvviirroonnmmeenntt)) as an Annex

2 activity, i.e. one where the conditions

regarding the carrying out of a mandatory

environmental impact assessment (EIA) is

at the discretion of the member state

In the context of aquaculture, the Freshwater

Fish Water Directive, the Shellfish Water Directi-

ve and the Dangerous Substances Directive will be

integrated into the Water Framework Directive,

and repealed by 31 December 2007 when all the

obligations established under these existing Dire-

ctives will be put into a more coherent framework

covering all waters. In regulating marine cage fish

farming, competent authorities in Member Sta-

tes will be required to ensure that areas comply

with the Dangerous Substances Directive and the

Shellfish Directive throughout coastal and terri-

torial waters by ensuring that both EEnnvviirroonnmmeenn--

ttaall  QQuuaalliittyy  SSttaannddaarrddss (EEQQSS) and a BBAATTNNEEEECC--bbaa--

sseedd (BBeesstt  AAvvaaiillaabbllee  TTeecchhnnoollooggyy  NNoott  EEnnttaaiilliinngg

EExxcceessssiivvee  CCoosstt) approach are utilized. These pro-

visions include the establishment of a com-

bined approach, which permits the use of both

EQSs and fixed Emission Limit Values.

3.3. NATIONAL FRAMEWORK

Planning and zoning of aquaculture in the Re-

public of Croatia is governed by a long list of

regulations, which supplement and/or take into

account different international regulation and pro-

vide a good, albeit somewhat complex and often

confusing, national framework for siting of marine

aquaculture.

Concession for usage of a section of maritime

estate is issued by the Assembly of the County

where the farm is planned. The Ministry directly

responsible for providing the legislation govern-

ing concession-obtaining procedure is the Min-

istry in charge of naval transportation and mariti-

me affairs (Ministry of Sea, Tourism, Transport and

Development). Basic national legal framework for

this segment of marine aquaculture is AAcctt  oonn  MMaarrii--

ttiimmee  EEssttaattee  aanndd  SSeeaa  PPoorrtt  ((OOGG  115588//0033)) and the

subsequent Ordinances (in particular the OOrrddiinnaann--

ccee  oonn  tthhee  pprroocceedduurree  ooff  iissssuuiinngg  ooff  tthhee  ccoonncceessssiioonn

ffoorr  uussaaggee  ooff  aa  sseeccttiioonn  ooff  mmaarriittiimmee  eessttaattee  ––  OOGG

2233//0044,,  110011//0044). 

Basic regulation of interest for marine aquacul-

ture under the jurisdiction of the Ministry of En-

vironmental Protection, Physical Planning and Con-

struction is the EEnnvviirroonnmmeenntt  PPrrootteeccttiioonn  AAcctt  ((OOGG

8822//9944,,  112288//9999)) and its subsequent regulations,

ordinances and by-laws. Environment Protection
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Act stipulates the provision on requirements for

EIA, which are then further elaborated in the RRee--

gguullaattiioonn  oonn  EEnnvviirroonnmmeennttaall  IImmppaacctt  AAsssseessssmmeenntt

((OOGG  5599//0000)). It also provides the basic provisions on

monitoring of environmental impact of an acti-

vity (including marine aquaculture) and stipula-

tes the penalty provisions as well. Physical planning

is governed by the main AAcctt  oonn  PPhhyyssiiccaall  PPllaannnniinngg

((OOGG  3300//9944,,  6688//9988,,  6611//0000,,  3322//0022)) which is sup-

plemented by a wide set of regulations. These

regulations provide for location and construction

permit, physical planning procedures, require-

ments for local government when preparing a

physical plan and so forth.

NNaattuurree  PPrrootteeccttiioonn  AAcctt  ((OOGG  116622//0033))  is another

basic regulation with impact on marine aquacul-

ture planning and zoning procedures and pos-

sibilities. The implementation of this act and its

subsequent regulations is under the jurisdiction

of the Ministry of Culture.

Basic regulation for marine aquaculture under

the jurisdiction of the Ministry of Agriculture, Fo-

restry and Water Management is the MMaarriinnee  FFiisshh--

eerriieess  AAcctt  ((OOGG  4466//9977)). This act provides a basic

set of definitions and requirements, and foresees

additional set of regulations for commercial fish

farming activities. Perhaps the most important le-

gislation coming from this act governing marine

aquaculture is the RReegguullaattiioonn  oonn  ssuuiittaabbiilliittyy  ooff  aa

sseeccttiioonn  ooff  mmaarriinnee  eessttaattee  ffoorr  mmaarriinnee  aaqquuaaccuullttuurree

((OOGG  88//9999,,  5566//0022)). This regulation sets the frame-

work of relevant parameters, which should be

checked for if successful marine aquaculture is to

be achieved (see chapter 7 of this document).

Veterinary legislation framework covers veterina-

ry regulations for farmed fish and other organisms.

Basic regulation is the VVeetteerriinnaarryy  AAcctt ((OOGG  7700//9977)). 

Government of the Republic of Croatia has also

brought the WWaatteerr  AAcctt  ((OOGG  110077//9955)), which fos-

tered the OOrrddiinnaannccee  oonn  wwaatteerr  ccllaassssiiffiiccaattiioonn  ((OOGG

7777//9988)). Data gathered in the framework of these

regulations as well as standards set for water clas-

sifications are of particular importance for in-

shore aquaculture and for shellfish culture. Ano-

ther act of high relevance for aquaculture and

food industry in general is the FFoooodd  LLaaww ((OOGG

2233//0033)), which sets the main propositions and stan-

dards for all food articles placed on the market

in the Republic of Croatia. There are other regula-

tions of indirect relevance for marine aquaculture. 

3.4. COASTAL PLANNING 

PROCEDURES AND PHYSICAL

PLANS IN CROATIA

There are two main documents, which provide

a framework for all physical plans in the coun-

try. These are the SSttrraatteeggyy  ooff  PPhhyyssiiccaall  PPllaannnniinngg  ooff

CCrrooaattiiaa and the PPrrooggrraamm  ooff  PPhhyyssiiccaall  PPllaannnniinngg  ooff

CCrrooaattiiaa  ((OOGG  5500//9999)). Both the Strategy and the

Program are produced by Institute of Physical

Planning of the Republic of Croatia. Both the

strategy and the program are brought by the

relevant ministry (MEPPP) and are then brought

by the Parliament. The Strategy stipulates in gene-

ral the elements of physical planning in Croatia.

Based on these provisions, the Program of Phys-

ical Planning was brought. 

Physical plans of Counties are brought by Co-

unty Assemblies upon consent from the MEPPP.

Municipalities bring their physical plans, which

are brought by Municipality or City Council upon

consent from the County. Act on Physical Plan-

ning stipulates the requirements of each plan.

All Counties of Republic of Croatia have already

brought their physical plans by the end of year

2002. However, as the Program foresees audit-

ing of plans in intervals of 2 years, some counties

are in the process of bringing new and changed

physical plans. Available physical plans may be

seen on the official web-site of the Ministry of

Environmental Protection, Physical Planning and
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Construction (www.mzopu.hr). Different Coun-

ties have in their physical plans included marine

aquaculture locations based on present regula-

tion and known and available information. 

Several Counties (Zadar and Primorsko-Goran-

ska) have included more elaborate requirements

into their plans and have done precise zoning for

species reared in marine aquaculture. This parti-

cularly applies to Zadar County, where the new

plan includes zones for bream and bass, zones for

shellfish farming and zones for tuna farming. 

3.5. LICENSE OBTAINING 

PROCEDURES IN CROATIA

License obtaining procedure in Republic of Cro-

atia starts with the request for concession.

Concession depends on the usage of the sec-

tion of maritime estate and the duration. Conce-

ssions of up to 20 years are given by the County,

up to 50 years by the Government and for longer

time by the Croatian Parliament. Most conces-

sions for marine aquaculture are sought for less

than 20 years, and are given by the County.

Any interested party may start the procedure,

by submitting the request (letter of interest) ei-

ther to the responsible administrative body in the

County where the concession is sought or to the

Ministry in charge of sea affairs directly. The rreessppoonn--

ssiibbllee  aaddmmiinniissttrraattiivvee  bbooddyy is usually the County or

field office for maritime affairs or physical planning.

The letter of interest has to contain the informa-

tion on the section of the maritime estate (or ddeemmeess--

nnee) where the concession is sought and on the

intended activity.

Once the letter is sent, responsible authorities

have 30 days to check if the area is delimitated and

inscribed in cadastre books and if the usage stated

in the letter is in line with the overall documents

of the physical plan of the County. If so, the respon-

sible authority suggests to the County to actually

call for proposals and open a public tender.

The County then brings the Decision on public

tender, and this decision determines for which

type of activity the concession tender is being ope-

ned, which data should be presented in feasibili-

ty study, minimum concession fee, duration of the

concession, duration of the public tender and

other different provisions. The minimum concessi-

on fee is determined as a sum of the fixed amo-

unt, which is equal to the result of the multiplica-

tion of the surface area (in square meters) with

0,5 kn per square meter (for fish farming) or with

0,2 kn per square meter (for shellfish farming),

and a variable part which is equal to 0,3% of the

turnover of the applicant. Once the tender is out,

all interested parties submit the full documenta-

tion to the responsible authority, which includes:

- proof on financial capabilities of the appli-

cant (certified copies from Trade Court Regi-

ster, financial report for the past year, revision

reports); 

- offered amount for concession fee (fixed and

variable);

- feasibility study which includes information

on the present status of the location for which

the concession is sought, detailed plan of in-

vestment for the entire duration of the con-

cession, planned amount of investment for en-

vironmental protection purposes, amount of

investment, sources of investment, feasibility

of the project, certificate on technical and hu-

man capacities, and the written bank guaran-

tee. This part will tell the County how the ap-

plicant will fund the project, how much will

it all cost, will it be profitable and what will be

the profit margin. It is important to notice

that this part foresees the investment into

the environment – funds should be set aside

for mitigation measures and measures to

minimize damages. When applying for a ma-

rine aquaculture concession, this might be a

rather important element;
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- suggestion on type and scope of usage of

maritime estate;

- excerpt from the County physical plan

which can ask for the detailed plan (in the

process of location permit issuing) or the

location permit. Very few Counties have their

detailed plans, so location permit will be re-

quired. The requirement for a location per-

mit is an EIA. If the applicant already has the

farm, he/she will also need an EIA for any up-

sizing over 50 tonnes.

Upon receiving all the offers, the County com-

piles a committee to evaluate the offers and br-

ings the Decision on concession issuing. The Com-

mittee shall then assess all offers and shall cal-

culate the overall grade through application of

a set of criteria. Roughly, the concession fee offe-

red contributes for the 40% of the overall grade.

Further 40% are contributed by the overall in-

vestment amount. The remaining 20% is valida-

ted according to the social criteria (how many pe-

ople will be employed) and environmental concern

(what will be invested into the environmental pro-

tection).

The County Assembly is the administrative body

in the County that actually brings this decision.

When the decision is brought, the last step in this

procedure is the signing of the Contract on Con-

cession. This document is needed to apply for the

License for fish farming. Note that the Contract

may ask for the EIA, or for the monitoring, or give

the experimental concession for a period of 1 year.

This is the prerogative of the County.

Commercial fish farming license is issued by

the Field office of the Ministry of agriculture, fo-

restry and water management. It contains data

on the holder (name), area or zone for which it’s

issued, legal foundation, and the quantity and spe-

cies of marine organisms you are going to farm.

When applying for the license, the applicant

needs the following documents: 

- proof of register from Trade register or

Commercial Court  

- concession contract

- statement on list and quantity of farmed

species

- title/name of the farm location

- position (φ, λ)

- farm area (m
2

)

The license will be valid until it either expires or

is revoked (see Marine Fisheries Act for details).

The important element in legislation and pro-

cedures around the marine farming licensing is

the location permit. The Act on sea ports and ma-

ritime estate does ask for either the location per-

mit or the copy of the Detail plan, but as the De-

tail plan is mostly lacking, the applicant will event-

ually be obtaining the location permit as well.

The location permit issuing is under the jurisdi-

ction of the ministry in charge of physical plan-

ning and environmental protection. To obtain

the location permit one must apply to the

responsible authority at the level of the County.

One of the requirements of the location permit

is the Environmental Impact Assessment Study.

The EIA is not requested for production of less

than 50 tonnes per year or 500 000 juveniles in

a hatchery, but is for larger farms. Even if the

application is for production of less than 50 t in

a cage farm or for less than 500 000 juveniles in

a hatchery, the County may ask for an EIA with-

in a year, according to the stipulation in the

County physical plan. 

3.6. PROCEDURES IN EU

All EU countries require state authorization of

some sort to set up and to engage in aqua-

culture activities, i.e., authorization, permit, licen-

se, lease, and concession. The competent au-

thorities whose consent is required for the grant-

ing of the license vary considerably, from one to

Required 
documents for
application
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several different government departments, re-

gional authorities and other interested parties.

Directives are legal instruments, which are bin-

ding on Member states as to the result to be

achieved, but leaving them free to choose the

form and the methods to be used. As part of

the application and licensing procedures, Direc-

tive 85/33 7/EEC on Water Quality, updated by

Directive 92/43/EEC, includes an “assessment of

the effects of certain public and private projects

on the environment which embodies the “preven-

tive approach” to environmental protection by

requiring that, before a development consent is

given, certain projects likely to have significant

effects on the environment by virtue of their na-

ture, size or location are subjected to an assess-

ment of possible environmental impacts”. One of

the categories covered by this Directive is “inten-

sive fish farming” and a further amending Dire-

ctive 97/11/EC extended its provision to cover

intensive farming of all marine finfish, effective

from March 1999.

An EIA must be carried out for a project fal-

ling into this class where a Member State consi-

ders that the project’s characteristics require it.

The EIA is not simple and involves a number of sta-

ges: the developer must submit certain informa-

tion, and the public concerned together with

other consultees are then given an opportunity

to express an opinion; all the information thus

obtained must be taken into consideration in the

development consent procedure. Procedures in-

volved in an EIA are set down in impressive and

exhaustive detail (the size, design and scale of

the proposed development, methods of opera-

tion, the use of natural resources, the types and

qualities of any emissions or residues, existing

land use, assimilative capacity, the geographic

extent of the possible impact, the magnitude and

complexity, the duration, frequency and reversi-

bility of the impact, including the methods used to

predict possible effects on the environment such

as models or surveys).

3.7. IDENTIFICATION OF WEAK

POINTS AND SUGGESTIONS FOR

IMPROVEMENTS

Generally speaking, the regulations govern-

ing marine aquaculture in the Republic of

Croatia are satisfactory – starting from the pro-

visions on request for environmental impact as-

sessment, through requirements of water qual-

ity and concession requirements up to the reg-

ulations on environmental suitability for marine

aquaculture. Overall, it might be said that the set

of regulations is actually in some cases more

elaborate than in many other countries. Howev-

er, there are lacks and problems, which need to be

identified, and in some cases the procedures are

complicated.

3.7.1. CO-ORDINATION, IMPLEMEN-

TATION OF THE REGULATIONS

AND INSPECTION

Starting from license obtaining procedure to the

control and surveillance of activity, there is an

overall lack of communication and coordination

among different administration bodies. 

Given that several different bodies govern ma-

rine aquaculture, implementation of a huge set

of acts is cumbersome and difficult. The situation

is further aggravated by the fact that the acts

are not integrated. This will allow for certain loop-

holes, as well as for difficulties in starting up of the

production. 

With the problems of overlapping of regulation

on one hand, and gaps in regulation on the other,

there are difficulties in inspection activities and

implementation of regulations. Environmental

inspection checks if the investor has the Decision

on intervention, location permit and if he per-

forms monitoring according to the requirements

laid down in the EIA, (if there is an EIA). When
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there is no EIA obligation, the inspection checks

if investor has the location permit and the sta-

tus of the environment. In such cases there is no

monitoring. Nature inspection controls the terms

of nature protection in protected areas, fishery and

commercial inspection check for the license and

the production levels, and veterinary inspection

checks for veterinary quality. And still, with all these

inspections, problems occur and integration is

difficult. 

Present penalty provisions of different acts are

also either inadequate, or inefficient. This prob-

lem is directly linked with the problem of control

and implementation of legislation, as most offen-

ces go either undiscovered or not penalized. 

3.7.2. ENVIRONMENTAL IMPACT

ASSESSMENT AND STRATEGIC

ENVIRONMENTAL ASSESSMENT

There is a need to strengthen the EIA procedure,

The EIA very rarely contains the baseline study,

and the regulation does not set environmental

standards, which should be either monitored or

not exceeded. 

With the present legal framework, the scope

and the quality of the EIA study often depends on

the institution performing the study, as the reg-

ulation provide for a loose set of requirements.

Due to the lack of both communication and co-

ordination, it is often the case that different mi-

nistries in charge of different steps in the proce-

dure do not have the “right” relevant information

on the activities planned. This then further bur-

dens the EIA evaluation committees. Some of

the problems presently tackled through the EIA

might be solved through the development of a

Strategic environmental assessment (SEA) for the

Republic of Croatia, which is not yet defined thro-

ugh regulations. The intention is to include this

segment in the changes of the Environment Pro-

tection Act. The idea is to make the SEA manda-

tory for certain strategies and programs, as well

as for plans for development of certain initiatives

prior to their confirmation. 

Different interests are met through SEA, but it

is not regulated completely in national legislation.

The EIA, on the other hand, is conducted for

individual activities. The problem in implementing

EIA regulation on marine aquaculture is that aqua-

culture has, at least so far, rarely been viewed as

an integral part of coastal activities and initia-

tives, but rather as an individual enterprise/activi-

ty. This has often resulted in invalid or inadequate

results, and has – unfortunately – generated an

overall negative perception of the activity, both

among the decision makers and among the general

public.

3.7.3. MONITORING

In the current setup in the Republic of Croatia, the

monitoring and mitigation measures are foreseen

in the EIA study prepared for any individual acti-

vity. This introduces a wide array of different

methods and requirements set forth in individ-

ual monitoring procedures. These are rarely, if

ever, co-related with monitoring measures prescri-

bed for other similar activities, and the data ob-

tained through the monitoring are not adequa-

tely used for mitigation or other management

measures. There is no clear set of monitoring pro-

cedures suggested for any type of activity, inclu-

ding marine aquaculture. County level adminis-

tration in charge of physical planning sometimes

also lacks both the capacity (human and finan-

cial) and the will to retrieve and process the data

obtained through the monitoring. With the mo-

nitoring on an individual basis, it is difficult to

control and enforce the measures set. Although

the monitoring measures set in the EIA become

binding once the EIA is approved, these are often

disobeyed. This is partially due to the high costs

and partially to the lack of information the farmer

would need. The costs are often projected at lev-

els higher than those possibly sustainable by the
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small size farms, and the farmers still do not truly

understand the implications a bad-monitoring

result may have on the quality of the fish and the

level of production in the future. Another prob-

lem is that often several small size farms oper-

ating in the vicinity do not have any monitoring

procedures set, since they do not require an EIA

for their enterprise. This could be remedied by

setting either the minimum distances or the mini-

mum level of production per area for which a mo-

nitoring procedure could then be set. An educa-

tion program should also be put in place, where

the farmers would be educated into, among other

things, the best management practices (BMPs),

monitoring importance, environmental implica-

tions and interactions etc. It could be a suggestion

that a Committee is set at the level of the Coun-

ty, which would consist of the representatives of

relevant ministries (in the case of marine aquacul-

ture, for example such a Committee could con-

sist of the representatives from the ministries in

charge of fisheries, physical planning, environmen-

tal protection tourism and sea affairs). The task

of the committee would be to retrieve the mon-

itoring reports, ask for clarifications and implica-

tions, and to, according to the input, suggest fur-

ther measures. The reports and the monitoring pro-

cedures should thus be comparable, leading back

to the need for a set of standardized monitoring

procedures. 

3.7.4. ENVIRONMENTAL QUALITY

STANDARDS (EQS)

EQS are needed to manage the monitoring of

aquaculture properly. Standards are defined for

a set of substances. In terms of marine aquacultu-

re they are limited to some toxic substances and

water quality limits. These limits and standards are

the same ones as set in the EU regulations, but

even the EU has admitted the lack of adequate

EQS for marine environment as a whole. EQS

should be developed at a national level for the Re-

public of Croatia. 

3.7.5 PLANNING AND ZONING PRO-

CEDURE

Although there are extensive and numerous

regulation covering planning procedures in ge-

neral, marine aquaculture planning is still viewed

as another individual activity, which is rarely given

priority or even deserved attention in physical

plans. This is partially due to the high importance

of tourism, which is still inadequately linked with

the possibilities of marine aquaculture. Part of the

reason is also the “bad image” often attributed

to marine aquaculture activities, which is caused

by accidents and behaviour of some irresponsi-

ble farmers rather than by the sector as a whole.

The negative public perception is often the reason

why in planning and zoning activities marine

aquaculture does not get the proper attention.

The planning and zoning procedures currently

in place lack the basic tools of integration, imple-

mentation, proper management, monitoring and

evaluation of the results. They are rather stream-

lined, and with very few feedback possibilities.

A good set of guidelines for zoning, integra-

tion and planning of marine aquaculture could be

useful both for the planners structuring the

physical plans at County levels, as well as for the

decision makers and the farmers. The planners and

the decision makers would benefit from an inte-

gration chart which would help them in assessing

the true benefits and drawbacks of different

activities competing or co-existing at a given

area, and for the farmers they would present a

clearer procedure and would facilitate the initial

steps (cutting the initial costs in location per-

mits and EIA, as well as in subsequent monitor-

ing activities)- These guidelines would attempt to

address some of these issues.

3.7.6. OFFICIAL STATISTICS

Official marine aquaculture data gathering was

initiated in 2003. Without a proper system of data
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gathering, it is impossible to assess the needs of

the industry (as no assessment of the status can

be made), it is impossible to monitor the activity

(as no certified database is available to compare

the values with), and it is overall impossible to achi-

eve sustainable development in a healthy envi-

ronment.

3.8. BEST MANAGEMENT 

PRACTICES

To ensure proper development of aquaculture,

science should be applied and bbeesstt  mmaannaaggee--

mmeenntt  pprraaccttiicceess (BBMMPPss) should be implemented.

Comprehensive BMPs should become a “living do-

cument”, open to revisions and expansion. Esta-

blished BMPs provide consistent national stan-

dards and practices for implementation of diffe-

rent types of aquaculture in the coastal areas, as

well as standards for monitoring and control of

these activities. Aquaculture and other coastal in-

dustries, agencies, and environmental organiza-

tions have recognized the need for BMPs. BMPs

for site planning and for ICZM provide opportuni-

ties for early intervention and collaborative review

of new activities. By publishing public standards

and goals in advance of the submission of plans

by a private developer, for example, one can pro-

vide guidance before major investments are made

in site development. BMPs should be developed

for all different species and technologies. This is the

next step in aquaculture planning, and should be

an object of separate study.

3.9. GENERAL REMARKS

In creating a sustainable aquaculture and coast-

al zone management plan, it is essential to

strike a balance between the need for aquacul-

ture development and the need for natural reso-

urces conservation within the same manage-

ment plan. In this context it is necessary to rec-

ognize and deal with the increasing competition

for resources. 

Croatia has a certain advantage of still having

undeveloped and pristine islands, as well as some

parts of the coast and sea. However, no one is

responsible for being ‘awarded’ with such a

beautiful treasure, but we are certainly respon-

sible and obligated to do everything in our power

to preserve the natural and cultural values for

generations to come.

Sustainable use of Croatia’s coastal and aqua-

tic resource base requires an appropriate and ena-

bling regulatory framework that is supported

by clearly delineated national, county and local

roles and responsibilities and transparent acco-

untability agreements. At all levels, the roles of

agencies involved with aquaculture should be

clarified. Central themes should include site ac-

cess, property rights, food safety, productivity,

competitiveness and environmental sustainability.

Incorporating a planned approach to resource

use and management, a streamlined and inclu-

sive review process would provide a practical

mechanism for timely conflict resolution. More-

over, such a framework would be conducive to

the development of a balanced and objective

public service culture with respect to aquacul-

ture and other users of the islands, marine and

coastal resource base, such as fisheries, tourism,

nature conservation and agriculture. 

Some of these issues may be solved on a nati-

onal level, but some need to be taken down to

local communities and local authorities. The de-

velopment of indicators, environmental quality

standards and codes of conduct should be left to

governmental level, while actual implementa-

tion and mechanisms of monitoring and follow-

up, together with planning should be left to lo-

cal communities. Development of codes and EQS

should be a task all responsible ministries should

work together on. Creation of a National Network

of Experts, including representatives from mini-
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stries, science and industry (in this case marine

aquaculture) should be a priority, as it is this body

that should ultimately bring the suggestions for

national standards. Whether this body is institu-

tionalized or not, depends on the national stra-

tegies identified and overall development plans. 

INTERNATIONAL CONVENTIONS RATIFIED BY

THE REPUBLIC OF CROATIA POSSIBLY

AFFECTING MARINE AQUACULTURE

Here follows a list (not exhaustive) of several

international conventions ratified by the Repub-

lic of Croatia, which might affect marine aqua-

culture. Detailed information on the conven-

tions may be obtained from these two sites:

www.mzopu.hr and the www.nn.hr

- PROTOCOL ON STRATEGIC ENVIRONMENTAL

ASSESSMENT. SIGNED BY THE REPUBLIC OF CROATIA

IN KIEV, 23 MAY 2003.

- CONVENTION FOR THE PROTECTION OF THE

MEDITERRANEAN SEA AGAINST POLLUTION

(BARCELONA 1976); PURSUANT THE NOTIFICATION

ON SUCCESSION, THE REPUBLIC OF CROATIA BECAME

A PARTY TO THE CONVENTION ON 8 OCTOBER

1991 (OG-IT 12/93).

- PROTOCOL FOR THE PREVENTION AND ELIMINA-
TION OF POLLUTION OF THE MEDITERRANEAN SEA

BY DUMPING FROM SHIPS AND AIRCRAFT

(BARCELONA 1976);PURSUANT THE NOTIFICATION

ON SUCCESSION, THE REPUBLIC OF CROATIA BECAME

A PARTY TO THE CONVENTION ON 8 OCTOBER

1991 (OG-IT 12/93).

- AMENDMENTS TO THE CONVENTION FOR THE

PROTECTION OF THE MEDITERRANEAN SEA AGAINST

POLLUTION (BARCELONA, 1995); PUBLISHED IN

OG–IT, NO. 17/98, CAME INTO FORCE WITH

RESPECT TO THE REPUBLIC OF CROATIA ON 9 JULY

2004, AND THE EFFECTIVE DATE WAS PUBLISHED IN

OG-IT 11/04.

- AMENDMENTS TO THE PROTOCOL FOR THE

PREVENTION OF POLLUTION OF THE MEDITERRANEAN

SEA BY DUMPING FROM SHIPS AND AIRCRAFT OR

INCINERATION AT SEA (BARCELONA 1995); PUB-

LISHED IN OG–IT, NO. 17/98, CAME INTO FORCE

WITH RESPECT TO THE REPUBLIC OF CROATIA ON 9
JULY 2004.

- PROTOCOL CONCERNING COOPERATION ON

PREVENTING POLLUTION FROM SHIPS AND, IN CASES

OF EMERGENCY, COMBATING POLLUTION OF THE

MEDITERRANEAN SEA (MALTA 2002); PUBLISHED

IN OG–IT, NO. 12/03, CAME INTO FORCE WITH

RESPECT TO THE REPUBLIC OF CROATIA ON 17
MARCH 2004, AND THE EFFECTIVE DATE WAS PUB-
LISHED IN OG-IT 4/04.

- PROTOCOL CONCERNING SPECIALLY PROTECTED

AREAS AND BIOLOGICAL DIVERSITY IN THE

MEDITERRANEAN. (BARCELONA 1994 AND MONA-
CO 1995); PUBLISHED IN OG–IT, NO. 11/01,
CAME INTO FORCE WITH RESPECT TO THE REPUBLIC

OF CROATIA ON 12 MAY 2002, AND THE EFFEC-
TIVE DATE WAS PUBLISHED IN OG-IT 11/04.

- PROTOCOL FOR THE PROTECTION OF THE MEDITER-
RANEAN SEA AGAINST POLLUTION FROM LAND-
BASED SOURCES (ATHENS 1980); PURSUANT THE

NOTIFICATION ON SUCCESSION, THE REPUBLIC OF

CROATIA BECAME A PARTY TO THE CONVENTION ON

8 OCTOBER 1991 (OG-IT 12/93).

- PROTOCOL FOR THE PROTECTION OF THE MEDITER-
RANEAN SEA AGAINST POLLUTION FROM LAND-
BASED SOURCES AND ACTIVITIES (SYRACUSE

1996); REPUBLIC OF CROATIA SIGNED THE PROTO-
COL.

- PROTOCOL FOR THE PROTECTION OF THE MEDITER-
RANEAN SEA AGAINST POLLUTION RESULTING FROM

EXPLORATION AND EXPLOITATION OF THE CONTI-
NENTAL SHELF AND THE SEABED AND ITS SUB-SOIL

(MADRID 1994); REPUBLIC OF CROATIA SIGNED

THE PROTOCOL.

- PROTOCOL ON THE PROTECTION OF THE MEDITER-
RANEAN SEA BY TRANSBOUNDARY MOVEMENTS OF

HAZARDOUS WASTES AND THEIR DISPOSAL (IZMIR

1996); REPUBLIC OF CROATIA HAS NOT SIGNED

THE PROTOCOL.

- UNITED NATION CONVENTION ON BIOLOGICAL

DIVERSITY (OG – INTERNATIONAL TREATIES

1/6/96) ENTRY INTO FORCE IN THE REPUBLIC OF

CROATIA: 5 JANUARY 1997.

- BIO-SAFETY PROTOCOL UNDER THE CONVENTION

ON BIOLOGICAL DIVERSITY (OFFICIAL GAZETTE –
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INTERNATIONAL TREATIES NO 7/02) ENTRY INTO

FORCE IN THE REPUBLIC OF CROATIA: 
29 SEPTEMBER 2003.

- CONVENTION ON CONSERVATION OF EUROPEAN

WILDLIFE AND NATURAL HABITATS (OFFICIAL

GAZETTE – INTERNATIONAL TREATIES 6/00). ENTRY

INTO FORCE IN THE REPUBLIC OF CROATIA:
3 JULY 2000.

- CONVENTION ON THE CONSERVATION OF

MIGRATORY SPECIES OF WILD ANIMALS (CMS)
(OFFICIAL GAZETTE – INTERNATIONAL TREATIES

6/00) ENTRY INTO FORCE IN THE REPUBLIC OF

CROATIA: 
1 OCTOBER 2000.

- EUROPEAN LANDSCAPE CONVENTION (OFFICIAL

GAZETTE – INTERNATIONAL TREATIES – NO 12/02)
ENTRY INTO FORCE IN THE REPUBLIC OF CROATIA:
15 APRIL 2003.

- CONVENTION ON ENVIRONMENTAL IMPACT

ASSESSMENT IN A TRANSBOUNDARY CONTEXT

(OFFICIAL GAZETTE 16/96). ENTRY INTO FORCE IN

THE REPUBLIC OF CROATIA: 10. OCTOBER 1997.
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APPROACHES FOR ZONING OF COASTAL AREAS

WITH REFERENCE TO MEDITERRANEAN

AQUACULTURE; PAP/RAC, 1996

EUROPEAN COMMISSION - COMMON FISHERIES

POLICY AND ENVIRONMENTAL POLICY,

HTTP://EUROPA.EU.INT/

FRANKIC, ANAMARIJA: COASTAL MANAGEMENT

& SUSTAINABLE AQUACULTURE DEVELOPMENT IN

THE REPUBLIC OF CROATIA- CONTRIBUTION TO

THE PROJECT: ICZMP; CENTER FOR COASTAL

RESOURCE MANAGEMENT, VIRGINIA INSTITUTE OF

MARINE SCIENCE, COLLEGE OF WILLIAM AND

MARY, USA, 2003

GUIDELINES FOR INTEGRATED MANAGEMENT OF

COASTAL AND MARINE AREAS WITH SPECIAL

REFERENCE TO THE MEDITERRANEAN BASIN,

SPLIT, CROATIA, PAP/RAC (MAP-UNEP),

1994, PP III+80.

MERAMED PROJECT: WWW.MERAMED.COM

MINISTRY OF AGRICULTURE, FORESTRY AND

WATER MANAGEMENT, WWW.MPS.HR

MINISTRY OF ENVIRONMENTAL PROTECTION,

PHYSICAL PLANNING AND CONSTRUCTION,

WWW.MZOPU.HR

OFFICIAL GAZZETE, WWW.NN.HR

PLANNING AND MANAGEMENT FOR

SUSTAINABLE COASTAL AQUACULTURE

DEVELOPMENT; GESAMP NO.68, FAO, 2001

MAIN REFERENCES:
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CHAPTER 4: 

SOCIO-ECONOMIC

ASPECT

I n this Chapter basic information on the need

for social and economical assessment are pro-

vided. Also, guidelines have been suggested for

County or investor level as to how to proceed in

assessing social and socio-economical impact to

the community in brief guidelines. Importance of

public participation in any activity introduced in an

area is stressed. The procedures outlined here

may be used in assessing the social and econo-

mical consequences of marine aquaculture on a

general (planning) level, as well as on particular

(site) level. Depending on the scope of the activ-

ity, the suggested guidelines may be adapted.

4.1. GENERAL 

Planning for sustainable uses of coastal resour-

ces must be a process that comprehensibly

and holistically analyses islands, marine and coast-

al systems: natural resources conditions, and hu-

man uses and socio-economic aspects. Site suit-

ability assessment and implementation must

incorporate physical, biological as well as socio-

economic and cultural factors.

4.2. COST-BENEFIT ANALYSIS

(CBA)

Cost-Benefit Analysis (CBA) is needed if proper

socio-economic analysis is to be prepared. Al-

though an important planning and develop-

ment tool, it has not been used much in plan-

ning of marine aquaculture. There are five main

stages of a CBA:

--  DDEEFFIINNIITTIIOONN OOFF TTHHEE SSCCOOPPEE OOFF TTHHEE PPRROOJJEECCTT

((NNAATTIIOONNAALL,,  RREEGGIIOONNAALL,,  LLOOCCAALL))

--  IIDDEENNTTIIFFIICCAATTIIOONN OOFF CCOOSSTTSS AANNDD BBEENNEEFFIITTSS

--  FFIINNAANNCCIIAALL EEVVAALLUUAATTIIOONN

--  EECCOONNOOMMIICC EEVVAALLUUAATTIIOONN

--  CCOOMMPPAARRIISSOONN OOFF EECCOONNOOMMIICC CCOOSSTTSS AANNDD BBEENNEEFFIITTSS

OOVVEERR TTIIMMEE UUNNDDEERR VVAARRIIOOUUSS SSCCEENNAARRIIOOSS..

The benefit of a CBA is that it provides valu-

able insight into economical side of the project

(costs and benefits of development of a certain

project in terms of revenues, employment, con-

cession fees).

The weak side is that there are costs and ben-

efits that may not be easily estimated. Leaving

CBA to be the only mechanism of assessment in

discussing different options of development is

not a good idea. The decision makers should be

well aware of its limitations. Social assessment is

usually the best complement to a CBA, as it pro-

vides the insight into the general opinion and may

be better in assessing the intangible costs and

benefits.

Ideally, both a CBA and a Social Impact Asses-

sment (SIA) should be performed, complement-

ing one another. In the course of the procedure,

general public should be made aware of all pos-

sible costs and benefits, including real, environ-

mental and social. Both assessments could be used

in general planning procedures as well as on local

level. The scale of the assessment would vary ac-

cording to the scope, but the general input data

should be the same.

4.3. SOCIAL IMPACT 

ASSESSMENT (SIA)

By definition, SIA runs parallel with environmen-

tal impact assessment (EIA), risk and hazard

assessment, technology assessment, project,

Cost-Benefit
Analysis

CBA

Social Impact
Assessment

SIA
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program and policy monitoring and evaluation

and a number of other planning and manage-

ment fields. It also includes the cultural assess-

ment, and policy evaluation. In another words,

this assessment could provide the decision-mak-

ers with effective tools how to organize and

implement certain economic incentive. 

POSSIBLE SOCIO-ECONOMICAL

IMPACT OF AQUACULTURE

In the case of potential introduction of aquacul-

ture, it should be clear that:

- It has its physical characteristics;

- It has its social impacts due to the impact

on physical environment;

- It also has a social impact due to the

change it introduces in the local social

environment. 

This change and impact could be operational-

ized in the following way:

--  AAQQUUAACCUULLTTUURREE CCAANN IINNFFLLUUEENNCCEE AANNDD CCHHAANNGGEE TTHHEE

PPEERRCCEEPPTTIIOONN OOFF TTHHEE PPLLAACCEE – the place used to

be known as a place for, say, vacation,

holidays, traffic, commerce, etc., but after

the introduction of something new 

(aquaculture), the same place will be 

mostly identified with this “new” thing.

This may be a positive or a negative 

perception.

--  IITT CCAANN IINNFFLLUUEENNCCEE AANNDD CCHHAANNGGEE TTHHEE EEMMPPLLOOYYMMEENNTT

PPAATTTTEERRNNSS – aquaculture can bring about to

the new ways of development, and thus

also of employment, which is definitely

favourable, especially for the economically

depressed areas.

--  IITT CCAANN IINNFFLLUUEENNCCEE AANNDD CCHHAANNGGEE TTHHEE EEXXIISSTTIINNGG

EECCOONNOOMMIICC AANNDD SSOOCCIIAALL PPAATTTTEERRNNSS OOFF LLIIFFEE – the

place (a town, an area) and the way of 

life could be positively changed in the

sense that new activities are to be open,

provided, and that the existing inhabitants

can participate in these new opportunities.

This, in turn could have positive long-term

effect for the development of the area in

general, and in that sense, overturn the

negative demographic and employment

trends.

--  IITT CCOOUULLDD HHAAVVEE AA SSHHOORRTT AANNDD//OORR LLOONNGG TTEERRMM

IIMMPPAACCTT OONN TTHHEE CCHHAANNGGEESS OOFF PPEERRCCEEPPTTIIOONN of the

overall picture of a place, city, and area. 

--  DDIIRREECCTT AANNDD IINNDDIIRREECCTT BBEENNEEFFIITTSS FFRROOMM TTHHEE

AACCTTIIVVIITTYY CCAANN BBEE FFEELLTT.. In this sense, the 

population in a certain area could have a

better standard of life and can attract

other activities, people, and industries into

the area. These direct benefits could be

supplemented by some indirect benefits,

which, in most of the cases, could not be

predicted in advance with full precision.

These more indirect (“fringe”) benefits 

usually are felt in a longer run, and could

influence the overall change of the image

of the place (to the better), placing new

standards for economics and social 

environments, etc. 

4.4. SIA - SUGGESTIONS FOR

PROCEDURE

SCOPING
There is a need to identify the potential impact-

ed people and their concerns, and the actors in-

volved. Community problems should be deter-

mined as well as present plans of initiatives and

aspirations of local population. 

PROBLEM IDENTIFICATION
Usually there are many interrelated problems, and

the goals of the assessment study must be also

a) to clearly define what are the problems, b) how

many of them at the moment could be enumera-

ted, c) in what ways are they inter-correlated, and

d) what problems current study is to address. 
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FORMULATING OF ALTERNATIVES 

Reasonable alternatives should be developed on

the basis of the needs of the community, peo-

ple involved, taking into consideration their aspi-

rations and attitudes. A wide range of techniques

could be used – public meetings, questionnaires,

interviews, advisory groups, public data, etc. 

PROFILING
Determination of what is likely to be affected

impact. Describe social units to be affected, with

appropriate indicators for measuring. A clear so-

cial profile of the affected should be identified

– a baseline study is necessary.

PROJECTION 
With the respective data, an assessor is doing pro-

jections of what is likely to happen and who is af-

fected or will be affected and in which sense.

Cause-effect linkages should be also assessed.

Develop several scenarios to identify possible co-

urse of actions

ASSESSMENT
The primary task is to assess the magnitude of

impacts and changes that are likely to occur in

the local environment

EVALUATION
Evaluation takes into account the major trade-

offs and tries to determine the losers and the

gainers. It should provide answers to the follow-

ing question: What are preferable alternatives to

be implemented? 

The results of the evaluation should be pre-

sented to the advisory groups and/or at the meet-

ing at the level of community. In most of the

cases a simple document to show the basic results

should be prepared. 

ONGOING MONITORING
Observation of effects in their implementation and

measuring potential difference with the pre-

dicted ones is necessary. Develop plans for conti-

nuous monitoring. Today there is a wide variety

of monitoring options for social and socio-eco-

nomical analysis.

PARTICIPATION OF THE PUBLIC IN
ASSESSMENT PROCESS
Public participation is one of the tools of overall

methodology of social assessment. It means that

all stakeholders have the (same) right and diffe-

rent possibilities to participate in deciding about

alternatives.

Participation is realized in the way that one

must take into account existing views and pref-

erences of affected population and other stake-

holders so as to improve design of the project,

as well as to establish a participatory process for

project implementation and monitoring. Par-

ticipation is a continuous procedure, an integral

part of the whole assessment and it does not end

at the moment when the assessment is done –

participation is expected in the process of mon-

itoring as well. 

Participation usually must include the follow-

ing representatives or layers of the population in

a certain area:

- KKEEYY IINNFFOORRMMAANNTTSS ((EEXXPPEERRTTSS,,  RREEPPRREESSEENNTTAATTIIVVEESS OOFF

LLOOCCAALL CCOOMMMMUUNNIITTYY OONN TTHHEE PPOOLLIITTIICCAALL LLEEVVEELL));;

--  AADDVVIISSOORRYY GGRROOUUPPSS;;

--  CCOOMMMMUUNNIITTYY FFOORRUUMM RREEPPRREESSEENNTTAATTIIVVEESS;;

--  ““OORRDDIINNAARRYY CCIITTIIZZEENNSS””;;

--  RREEPPRREESSEENNTTAATTIIVVEESS OOFF PPOOTTEENNTTIIAALL IINNVVEESSTTOORRSS;;

--  CCIITTIIZZEENN CCOOMMMMIITTTTEEEESS;

Ways of dissemination of results, or how to get

a feedback on the ongoing process of social as-

sessment are usually the following: public hear-

ings; referendum; workshops; newsletters and

public display of information. 

ENGAGEMENT TOOLS 
In many occasions llooccaall  ppuubblliicc have reacted aga-

inst new initiatives, following the ““nnoott  iinn  mmyy

bbaacckk  yyaarrdd””  ssyynnddrroommee  ((NNIIMMBBYY)). In this sense it is
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questionable whether the local residents would

be able to see any potential benefits for them

through the introduction of aquaculture in their

environments. Possible benefits (employment of

local residents in the aquaculture activities) could

be of great help as a major facilitator for the

whole initiative. The whole strategy should be

build very carefully, with full awareness on

potential dangers if and when local residents are

overlooked and ignored.

So, when planning any actions concerning

social assessment, several aspects must be

organized as follows:

--  IINNVVOOLLVVEEMMEENNTT OOFF GGEENNEERRAALL PPUUBBLLIICC AANNDD DDEECCIIDDEE OONN

PPAARRTTIICCIIPPAATTIIOONN TTOOOOLLSS;;

--  DDEEVVEELLOOPP NNEEGGOOTTIIAATTIIOONN AANNDD CCOONNFFLLIICCTT RREESSOOLLUUTTIIOONN

TTOOOOLLSS;;

--  DDEEVVEELLOOPP AADDEEQQUUAATTEE IINNFFOORRMMAATTIIOONN AANNDD

EEDDUUCCAATTIIOONN TTOOOOLLSS;;

--  DDEEVVEELLOOPP AADDEEQQUUAATTEE MMEETTHHOODDSS FFOORR SSTTAAKKEEHHOOLLDDEERR

AANNAALLYYSSIISS AANNDD SSOOCCIIAALL PPRROOFFIILLIINNGG TTOOOOLLSS;;

--  DDEEVVEELLOOPP SSUURRVVEEYY AANNDD MMEETTHHOODDOOLLOOGGYY TTOOOOLLSS;;

--  DDEEVVEELLOOPP PPAARRTTIICCIIPPAATTOORRYY AACCTTIIOONN RREESSEEAARRCCHH

TTOOOOLLSS;;

--  DDEEVVEELLOOPP MMOONNIITTOORRIINNGG AANNDD EEVVAALLUUAATTIIOONN TTOOOOLLSS..

One of the final results of this analysis is a

conviction that careful planning and analysis of

all dimensions concerning aquaculture repre-

sent a necessary step that must be taken seri-

ously into account if the whole initiative should

be a success.

MAIN REFERENCES:

CALDAROVIC, OGNJEN: SOCIO-ECONOMIC

ASPECTS OF MARINE AQUACULTURE IN VELEBIT

CHANNEL - A CONTRIBUTION TO THE PROJECT

ICZM; UNIVERSITY OF ZAGREB, CROATIA,

2003

GUIDELINES FOR INTEGRATED MANAGEMENT

OF COASTAL AND MARINE AREAS WITH SPECIAL

REFERENCE TO THE MEDITERRANEAN BASIN,

SPLIT, CROATIA, PAP/RAC (MAP-UNEP),

1994, PP III+80.
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CHAPTER 5:

ENVIRONMENTAL

IMPACT

ASSESSMENT AND

CONCERNS

I n this Chapter a brief outline of Environmen-

tal Impact Assessment (EIA) is provided, with

reference to current practices in the Republic of

Croatia and general considerations of environmen-

tal impact. The importance of environmental im-

pact is stressed, and some suggestions for im-

provements are provided.

5.1. GENERAL CONSIDERATIONS

EIA is a formal and structured approach for ob-

taining and evaluating environmental infor-

mation prior to its use in decision-making in the

development process. This information consists,

basically, of predictions of how the environment,

human health and welfare are expected to cha-

nge if certain alternative actions are implement-

ed and advice on how best to manage environ-

mental changes if one alternative is selected and

implemented. The ‘environment’ includes bio-

logical and physical environment as well as the so-

cio-economic environment. 

Today, EIAs are a legal requirement for major

development projects with significant environ-

mental impacts in most industrialized countries

and in many developing countries. Benefits of an

EIA are numerous, and include, among other, im-

proved environmental protection, the long-term

lowering of the project costs, facilitating of the in-

vestment, identification of mitigation actions and

the increase of project acceptance by the public.

5.2. EIA IN CROATIA

In the Republic of Croatia EIA is not required

for farms producing less than 50t/year and

hatcheries producing less than 500 000 juveniles

per year unless the County plan stipulates anything

different. However, it has been shown in practice

that this system may have some shortcomings,

which in the long run may result in the deterio-

ration of the environment larger than expected.

This is in some cases due to the fact that the pro-

duction exceeds the limit listed in the license (e.g.

lack of enforcement) and more often may be at-

tributed to bad management and husbandry pra-

ctices. 

Monitoring procedures are provided in EIA

studies, and the study itself assesses the amount

of fish, which may be farmed in a given area. In

Croatia, a committee comprising experts from dif-

ferent fields assesses each EIA study. Once the EIA

has been given a green light, the license obtain-

ing procedure may be initialized. However, it is a

general consensus that EIA studies lack some uni-

form criteria for assessment and that, very often,

it is the EIA that makes the license obtaining pro-

cedure difficult. 

Without proper planning and legislation, the

findings of any EIA will have little meaning, deci-

sion criteria will be inconsistent, and mechanisms

for ensuring compliance with any recommenda-

tions will be lacking. In particular, there will be no

mechanism for addressing cumulative and incre-

mental environmental issues, which are a basic cha-

racteristic of aquaculture developments.

ENVIRONMENTAL QUALITY 
STANDARDS
Agreed environmental quality standards are a pre-

condition for effective environmental assessment

and integrated coastal management. This is beca-

use the significance of any impact (a key issue ad-

dressed in EIA) cannot be assessed without some

environmental standard to measure the impact

Chapter 5 
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against. Ideally environmental quality standards

should be developed and agreed prior to any form

of EIA or integrated coastal management. 

PUBLIC INVOLVEMENT
Public involvement is a fundamental principle of

the EIA process. Timely, well-planned and ap-

propriately implemented public involvement pro-

grammes will contribute to EIA studies and to

the successful design, implementation, operation

and management of proposals. 

5.3.  EIA – REQUIREMENTS AND

PROCEDURES

Ideally, the EIA process should include: screen-

ing; scoping; impact analysis; mitigation; re-

porting; review; decision-making; follow up and

public involvement.

SCREENING
Screening is the first and simplest stage of consi-

dering the environmental impacts of an activity.

Based on the general characteristics of the pro-

ject, screening determines the type of environmen-

tal review the project will require. The screening

process results in one of three outcomes:

--  TTHHEE NNAATTUURREE OOFF TTHHEE PPRROOJJEECCTT DDEEMMAANNDDSS AA FFUULLLL

EEIIAA..

--  BBYY IITTSS NNAATTUURREE,,  TTHHEE PPRROOJJEECCTT IISS UUNNLLIIKKEELLYY TTOO

HHAAVVEE AANNYY SSIIGGNNIIFFIICCAANNTT EENNVVIIRROONNMMEENNTTAALL IIMMPPAACCTTSS

--  TTHHEE PPRROOJJEECCTT MMAAYY OORR MMAAYY NNOOTT RREEQQUUIIRREE AA

FFUULLLL EEIIAA;;  FFUURRTTHHEERR IINNQQUUIIRRYY IISS IINNDDIICCAATTEEDD..

SCOPING
Once a decision to conduct an EIA is made, the

scoping process is initiated to determine the key

issues and choices of alternatives to be exam-

ined in the full EIA. 

ASSESSING
Once the important impacts have been identified,

their potential size and character can be predicted.

The impact prediction utilises physical, bio-

logical, socio-economic and cultural data to esti-

mate the likely characteristics and parameters

of an impact. Typical parameters are:

NNAATTUURREE (positive, negative, direct, 
indirect, cumulative, synergistic with
others). Many of the impacts 
associated with the aquaculture are
cumulative in nature 

MMAAGGNNIITTUUDDEE (severe, moderate, low). 
The complexity to estimate the magni-
tude of an impact varies as a function
of the impact considered. 

EEXXTTEENNTT//LLOOCCAATTIIOONN (area/volume covered,
distribution). Considering the 
cumulative nature of the agricultural
impact the extent/location varies 
over time

TTIIMMIINNGG (during construction, operation,
immediate, delayed, rate of change)

DDUURRAATTIIOONN (short term, long term, 
intermittent, continuous)

RREEVVEERRSSIIBBIILLIITTYY//IIRRRREEVVEERRSSIIBBIILLIITTYY – The release
of phosphorus and nitrogen is likely 
to cause effects, which could be rapidly
reversible, depending on environment. 

LLIIKKEELLIIHHOOOODD (probability, uncertainty or
confidence to the prediction). If the
probability of particular impact is
known, than the associated risk is
quantifiable. However if the 
probability of an impact is unknown,
we are dealing with uncertainty, 
which is far more difficult to quantify

SSIIGGNNIIFFIICCAANNCCEE (local, regional, global)

Methods used to predict impact include:

PPRROOFFEESSSSIIOONNAALL JJUUDDGGEEMMEENNTT

QQUUAANNTTIITTAATTIIVVEE MMAATTHHEEMMAATTIICCAALL MMOODDEELLSS

EEXXPPEERRIIMMEENNTTSS,,  PPHHYYSSIICCAALL MMOODDEELLSS

Once impacts have been identified and ana-

lysed, their significance must be addressed. An
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impact can be measured against accepted stan-

dards or criteria. It may also be measured against

more fundamental concept such as environ-

mental sustainability. Public involvement plays a

critical role in this process. 

5.4. POSSIBLE IMPACT OF

MARINE AQUACULTURE TO 

ENVIRONMENT 

All kinds of marine aquaculture activities will

have the potential to exercise some envi-

ronmental influence or interaction upon the sur-

roundings. This may be by release of various kinds

of substances or organisms, or because it may

create specific disturbances towards neigh-

bouring activities. 

Some of these impacts are related to poor

management and can be avoided or reduced by

adopting alternative management options, im-

proved technologies or other mitigation meas-

ures. On the other hand, there are impacts such as

the release of nutrients and faeces, which is dif-

ficult to avoid since they are part of the physi-

ology of the farmed species. 

The severity of some of the above effects are

related to site-specific environmental attributes,

such as depth, hydrographic conditions, quality

of ambient water, sediment type and presence

of other pressures in the area. Both the planner

of coastal activities and the fish-farmer have to

be aware of the most common kind of the envi-

ronmental concerns and nuisances. 

Keeping the damage to the receiving environ-

ment to a minimum will protect the industry

itself, favour better fish health an growth, im-

prove the reputation and market opportunities

and, not the least, cause less harm to the natu-

ral resources in the vicinity.

PARTICULATE MATTER AND 
DISSOLVED NUTRIENTS
Fish farming in net cages affects the environment

by releasing certain amounts of organic waste

from uneaten food and faeces. Sedimentary inputs

can have a marked impact on benthic commu-

nities resulting in successional changes in respon-

se to increasing inputs, which can be modelled. 

The release of nutrients by fish farms and the

effect of water quality is perhaps one of the most

widely used arguments against aquaculture. A

badly operated farm sited in shallow waters with

weak water dinamism might cause overloading

of nutrients and nutrient enrichment. Settling of

organic material at the bottom, burst of local

algal blooms and polluted waters and in some

cases even eutrophication problems, can be the

case. Feeding techniques are important. Impro-

per feeding or overfeeding may result in unwant-

ed pollution at the seabed as well as in the water

column. In addition, poor feed quality, with inge-

stible solids and excess insoluble and low quality

carbohydrates will increase the amount of waste.

In addition to the organic load from feeding and

faeces, considerable loads might also be trans-

ported to the recipient by the handling of waste

such as dead fish, offal, surplus feed etc. Throw-

ing wastes overboard adds to the loading in the

vicinity, and should not be done.

RELEASE OF CHEMICALS, 
MEDICINES AND DISINFECTANTS
Whenever chemicals are used or applied, residual

amounts of the substance may enter the aquatic

environment. Chemical releases to the environ-

ment through routine inputs of feed and faeces

containing various additives are likely to occur

continuously at low concentrations. An under-

standing of the persistence of chemicals in the

aquatic environment, potential toxicity to non-

target species, and inhibition of microbial activ-

ity in the aquatic environment are key to assessing

potential impacts. 
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Such chemicals may be used as treatment for

diseases, disinfection and cleaning of gear, nets

and various equipment. Detergents are used to

disinfect gear and equipment. Tanks are steril-

ized with hypochlorite of formalin. Peroxides may

also be appropriate. The most common antifoul-

ing agents for nets are copper and TriButylTin

(TBT). In many countries the use of TBT as anti-

fouling agent for nets is banned.

There is currently insufficient information avail-

able to determine the long-term effects of med-

icine and antifoulants use. Such research is re-

quired particularly where multiple sources enter

the same marine area. In the short term, the en-

vironmental risk is considered to be low and very

much dependant of the magnitude of the use

of it. However, in the case of antifoulants, research

on alternative anti-fouling strategies needs to be

intensified.

The EC requires toxicity testing for new chemi-

cals intended for use. This can take up to 2 years.

Pollution control authorities in the UK are com-

piling registers of usage of chemicals from data

supplied by the aquaculture operators.

PARASITES AND DISEASES
Cages, densely populated by fish, may be excel-

lent breeding grounds for parasites. Therefore

fish farms can impact the environment through

transfer of diseases. 

Pathogens and parasites can be spread hori-

zontally (between fish in the same generation) or

vertically (between parents and progeny). Infec-

tious diseases are not transmitted, only their

agents are. 

The transmission of an infectious agent does

not insure that disease will occur in the recipi-

ent. Whether a disease will occur or not

depends on the nature of the exposure and sus-

ceptibility of the host. 

VERTICAL TRANSMISSION

Vertical transmission of pathogens between wild

and farmed fish requires that a sufficient num-

ber of infected brood-stock or their progeny suc-

cessfully reproduce and encounter wild fishes. 

HORIZONTAL TRANSMISSION

Diseases can be spread horizontally through direct

contact, through vectors, through contaminat-

ed equipment and through environmental media

such as air and water. Bacterial or viral patho-

gens do not have active host seeking mechanisms.

Most are spread through direct contact with sus-

ceptible fish or through opportunistic contact thro-

ugh environmental sources. 

THROUGH THE ENVIRONMENT

Fish that remain in a net cage can shed pathogens

into the environment through a variety of routes

including mucous, faeces and decaying dead

fish. Shed pathogens or parasites can enter the

water column or the sediments below the pens. 

WILD AND FARMED 
FISH INTERACTION
In general, aquaculture operations attract both

pelagic and benthic organisms. Increased biomass

around farms can partly be explained by the pre-

sence of escaped fish that remain to exploit feed

wastes and partly by wild fish attracted to the

cages by shelter and available waste feed. Another

mechanism for disease transfer is through escaped

fish. It is unlikely that a sick fish will travel far after

it escapes. In addition, it is unlikely that a sick fish

will behave normally, particularly in its attempts

to meet social demands. However, for some dis-

eases, asymptomatic carrier states can occur. 

ESCAPEES AND GENETIC EFFECTS
It has been suggested that farmed fish have been

selected for traits, which make them suitable for

farming (for example, rapid growth, placid be-

haviour, disease resistance), but less well adapted

to the natural ecosystem. Thus, escaped fish could

initially out-compete native stocks, but then de-
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cline, or the progeny resulting from inter- breeding

could be poorly adapted to the ecosystem.

It has been disputed within the scientific com-

munity whether the interaction discussed above

is a serious ecological impact. Based on a 10 year

investigation (funded by EU) researchers at the

Queens University Belfast demonstrated that fa-

rmed fish escapes and hatchery-reared fish are ha-

ving such an impact that wild salmon stocks are

precipitating into an “extinction vortex”.

Establishing a large number of fish farms in a

certain area may present a risk for genetic dilu-

tion of wild populations due to potential accident-

al release. 

NON-INDIGENOUS SPECIES
As in agriculture and ornamental horticulture, alien

aquatic species have contributed to an impro-

vement of the human condition in many areas. 

While recent attention has focused on the ad-

verse impacts of introduced species - also known

as alien species and alien genotypes - species in-

troductions can be a valid means to improve pro-

duction and economic benefit from fisheries and

aquaculture.

Introduced species may have environmental as

well as social and economic impacts. Aquatic

ecosystems may be affected by the introduced

species through predation, competition, mixing

of exotic genes, habitat modification and the

introduction of pathogens. Human communities

may also be impacted through change in fishing

patterns due to a newly-established fishery or

through changes in land use and resource access

when high valued species are introduced into an

area.

To ensure that aquaculture development is

undertaken in a responsible manner, the inter-

national community and many national govern-

ments are advocating that a precautionary ap-

proach should be adopted. Risk assessment will

require information from a number of sources on

a number of areas such as the biology, ecology,

and genetics of the alien species. The informa-

tion will need to be readily available and under-

standable to those performing the risk assess-

ment and to policy makers. Risk assessment must

also include an accurate accounting of the ben-

efits derived from the introduced species.

The decision on inclusion of a non-indigenous

or allochthonous species is a decision that the Go-

vernment should bring on a strategic level. The

decision should not, by rule, be negative, but ge-

neral practice indicates that prevention of inclu-

sion of allochthonous species is the best preca-

utionary approach. This problem on a national le-

vel raises again the question of definition of non

indigenous species, which is in some case still am-

biguous and difficult to answer. 

An accurate assessment of the impact of an

alien species will only be possible if an accurate as-

sessment of the “pre-introduction” ecological and

socio-economic environments already exists. 

VULNERABLE AREAS 
Some areas are particularly sensitive to any

form of pollution, regardless of the source. Given

the specificities of the marine environment, pos-

sible areas that may be influenced by the pollu-

tion of marine aquaculture are nature parks and

reserves, sanctuaries, breeding grounds and parti-

cularly sensitive areas identified through national

strategies or international conventions.

INTERACTION WITH WILDLIFE
Interactions with and conflicts between aqua-

culture operations and wildlife species have

become significant management issues for pro-

ponents and regulatory agencies. In general,

the expanding aquaculture industry is increas-

ingly using more coastal migratory bird habitat

important for feeding, staging, wintering, and

nesting. Also, at the same time, concentrations of

49
Zagreb 2005

Chapter 5 

guidelines 26062006.qxp  5.7.2005  0:50  Page 49



50

GUIDELINES to marine aquaculture planning, integration and monitoring in Croatia

COASTAL ZONE MANAGEMENT PROJECT

easily accessible fish are a tempting food source

for a variety of migratory birds and mammals.

Avoidance of any area where migratory birds

and species at risk may be impacted by the con-

struction and operation of an aquaculture proj-

ect is the preferred approach. Breeding grounds

of different fish species should also be identi-

fied, as putting a cage above a breeding or nur-

sery ground for valuable fisheries species is not

wise and should be avoided. 

MANAGEMENT OPTIONS FOR
WILDLIFE INTERACTIONS
Even when all feasible avoidance and design
features have been incorporated, the concen-
tration of potential food within a fish farm
remains an obvious attraction to predators. This
can result in a number of problems for the
operator including:

--  TTHHEE DDIIRREECCTT LLOOSSSS OOFF FFIISSHH FFRROOMM CCOONNSSUUMMPPTTIIOONN,,
IINNJJUURRYY,,  OORR SSTTRREESSSS;;

--  DDAAMMAAGGEE TTOO HHOOLLDDIINNGG FFAACCIILLIITTIIEESS BBYY PPRREEDDAATTOORRSS

AANNDD AA PPOOSSSSIIBBLLEE IINNCCRREEAASSEE IINN FFIISSHH EESSCCAAPPEESS;;

--  IINNTTEERRFFEERREENNCCEE WWIITTHH FFEEEEDDIINNGG ((PPRREEDDAATTOORRSS CCOONN--
SSUUMMIINNGG FFOOOODD OORR DDIISSTTUURRBBIINNGG TTHHEE FFEEEEDDIINNGG

PPRROOCCEESSSS))

The presence and activities of migratory birds

in the vicinity of the operation should be regular-

ly monitored. The species, approximate numbers,

behaviour, and time of year should be docu-

mented and proponents are encouraged to re-

port information to the responsible agency and

seek advice as appropriate. It is important that

measures be implemented as soon as the pres-

ence of birds begins to interfere with the oper-

ation of the aquaculture site. Opportunities for

improving feeding and husbandry practices that

will reduce the attraction of birds to the site sho-

uld be considered. Scare techniques should also

be considered on a contingency basis. 

HABITATS AND SPECIES AT RISK
IN REPUBLIC OF CROATIA
Marine habitats identified by the international

conventions (Bern, Barcelona) as vulnerable or

endangered ones may be found in Republic of

Croatia. These include infralitoral and circalitoral

habitats on sediment and rocky bottoms, caves,

sea grasses meadows, estuaries and coastal la-

goons. As some of these habitats such as Possi-

donia beds are considered globally endangered,

the cages should not be placed above or near

them. Republic of Croatia still does not have the

fully completed charting of marine habitats, al-

though certain steps have been made in that dire-

ction. Once the full charting of habitats is made,

it will be easier to assess the level of their vulne-

rability and the extent to which they are endan-

gered.

Some species listed in the international con-

ventions as endangered marine species may be

found in Republic of Croatia as well. These pri-

marily include whales, dolphins and turtles. Thus

far there has been no record of any of these spe-

cies entangling in the cage nets. Pinna nobilis,

BBOOXX 33  AARREEAASS OOFF UUNNCCEERRTTAAIINNTTYY IINN TTHHEE UUSSEE OOFF

IINNTTRROODDUUCCEEDD AANNDD NNEEWWLLYY DDOOMMEESSTTIICCAATTEEDD SSPPEECCIIEESS

GGEENNEETTIICC UUNNCCEERRTTAAIINNTTIIEESS OONN::

--  tthhee  lloonngg--tteerrmm  eeffffeeccttss  ooff  iinntteerrbbrreeeeddiinngg

bbeettwweeeenn  hhaattcchheerryy  aanndd  wwiilldd  ssttoocckkss;;

--  tthhee  lloonngg--tteerrmm  eeffffeeccttss  ooff  ppootteennttiiaall  iinntteerr--

ssppeecciieess  bbrreeeeddiinngg  bbeettwweeeenn  iinnttrroodduucceedd  aanndd  wwiilldd

ssttoocckkss;;

--  tthhee  ssiiggnniiffiiccaannccee  ooff  ggeenneettiicc  vvaarriiaattiioonn;;

FFIISSHH HHEEAALLTTHH UUNNCCEERRTTAAIINNTTIIEESS OONN

--  eemmeerrggiinngg  nneeww  ddiisseeaasseess  aanndd  hhooww  ttoo  ssccrreeeenn

ffoorr  tthheemm;;

mmooddee  ooff  ttrraannssmmiissssiioonn  ooff  ddiisseeaasseess;;

--  hhoosstt  ssppeecciiffiicciittiieess;;

EECCOOLLOOGGIICCAALL UUNNCCEERRTTAAIINNTTIIEESS OONN::

--  tthhee  lleevveell  ooff  eennvviirroonnmmeennttaall  iimmppaacctt,,  ii..ee..  hhooww

aann  aaqquuaattiicc  ccoommmmuunniittyy  wwiillll  cchhaannggee;;

--  tthhee  rreessiilliieennccee,,  rreessiissttaannccee  aanndd  pprroodduuccttiivviittyy  ooff

eeccoossyysstteemmss  aass  iinnfflluueenncceedd  bbyy  ddiivveerrssiittyy  
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a protected shellfish species, may sometimes be

found beneath the cages. However, it should be

noted that should the regulation currently in pla-

ce be fully complied with and fully enforced, the

cages would be pushed further off the coast (abo-

ve 30m depth), which would in most cases pro-

tect both the Possidonia beds as well as the en-

dangered shellfish species.

VISUAL
In pristine, beautiful surroundings the sight of a

fish farm might be considered a nuisance. In areas

with summer-cabins this is often the case. Avoid

such sitings for the farms. If this is not possible,

make the farm tidy and pleasant! Less promi-

nent colours should be used (black, blue or grey).

Installations in these colours are hardly visible

from more than 1km distance.

SMELL
If not properly operated unpleasant smell might

stem from a fish farm. It could be the storage

of feed, sloppy handling of dead fish and offal etc.

This may cause irritation for the neighbourhood.

It should be easily solved: take properly care of the

waste material and operate the farm in a tidy way.

THE FEED PROBLEM
The issues concerning the use of industrial fish-

meal and fish oils in artificial pelleted diets in the

fish farming industry are wide-ranging and com-

plex. In a world where the most of the important

capture fisheries are in jeopardy, aquaculture’s

need for fishmeal and fish oil is of great con-

cern because it’s impact on the capture fisheries

sector. In order to reduce the amount of fish-

meal in food for marine aquaculture the search

for fish feed substitutes has been initialized.

NATURAL STOCKS
The catch/use of juvenile fish for on-growing could

jeopardize natural stocks (such as for tuna). This

is the reason why quota systems for different

species have already been introduced. Fortuna-

tely, most finfish species nowadays are fully reared

in captivity.

Chapter 5 

BBOOXX 44::  CCEERRTTAAIINN SSTTEEPPSS TTOO BBEE CCAARRRRIIEEDD OOUUTT TTOO

RREEDDUUCCEE TTHHEE NNEEGGAATTIIVVEE IIMMPPAACCTT FFRROOMM OORRGGAANNIICC

MMAATTEERRIIAALL AANNDD NNUUTTRRIIEENNTTSS FFRROOMM FFIISSHH--FFAARRMMSS

((CCAAGGEESS))::  

SSIITTIINNGG::

––  EEnnssuurree  ssuuffffiicciieenntt  ddeepptthhss  uunnddeerr  tthhee  ccaaggeess  ((aatt

lleeaasstt  2255  mmeetteerrss))

––  EEnnssuurree  ssuuffffiicciieenntt  ccuurrrreenntt  ssppeeeedd

––  CChheecckk  tthhee  bboottttoomm  ccoommppoossiittiioonn

––  AAvvooiidd  eenncclloosseedd  aarreeaass  aanndd  cclloosseenneessss  ttoo  bbaayyss

wwhheerree  oorrggaanniicc  wwaassttee  ccoouulldd  ddrriifftt//ffllooaatt  iinn  aanndd

bbee  ttrraappppeedd

––  AAvvooiidd  rreecciippiieennttss,,  wwhhiicchh  aallrreeaaddyy  hhaavvee  aann

eexxcceessssiivvee  oorrggaanniicc//nnuuttrriieenntt  llooaadd

––  UUssee  rroobbuusstt  ccaaggeess  ttoo  ttaakkee  aaddvvaannttaaggee  ooff

ddeeeeppeerr  aanndd  mmoorree  eexxppoosseedd  ssiitteess

FFEEEEDDIINNGG::

––  CCaarreeffuullllyy  aaddjjuusstt  tthhee  aammoouunntt  ooff  ffeeeedd  ttoo  tthhee

aammoouunntt  ooff  ffiisshh  iinn  tthhee  ffaarrmmss  ((ffiisshh  ssiizzee,,  ffeeeedd

ttyyppee  aanndd  ffoorrmmuullaattiioonn))..  KKeeeepp  aa  tthhoorroouugghh

rreeccoorrdd  ooff  tthhee  aammoouunntt  ooff  ffiisshh--bbiioommaassss  iinn  tthhee

ppeennss..  DDoo  nnoott  oovveerrffeeeedd!!

––  AAddjjuusstt  tthhee  ffeeeeddiinngg  aanndd  ffeeeeddiinngg  rraatteess  ttoo

tteemmppeerraattuurree  aanndd  ootthheerr  rreelleevvaanntt  eexxtteerrnnaall  

ffaaccttoorrss;;  uussee  hhiigghh  eenneerrggyy,,  llooww  ssiinnkkiinngg  ffeeeedd

wwiitthh  ffaavvoouurraabbllee  ffaatt  ttoo  ccaarrbboonn//pprrootteeiinn  rraattiioo

uuttiilliizziinngg  ffeeeeddss  wwiitthh  llooww  nniittrrooggeenn  aanndd  

pphhoosspphhoorroouuss  ccoonntteenntt,,  wwhhiicchh  aacchhiieevveess  aa  

hhiigghheerr  ffeeeedd  ccoonnvveerrssiioonn  eeffffiicciieennccyy  rraattiioo,,  ccoouulldd

bbee  ccoonnssiiddeerreedd

––  SSiittee  rroottaattiioonn  ccoouulldd  bbee  aaddvviisseedd,,  bbuutt  ccaarreeffuull,,

ccoonnssiiddeerraattee  aanndd  aatttteennttiivvee  ooppeerraattiioonn  ttoo  

mmaaiinnttaaiinn  tthhee  ggoooodd  ccoonnddiittiioonnss  aatt  tthhee  ssiittee

ggiivveenn  mmiigghhtt//wwiillll  bbee  mmoorree  ssuussttaaiinnaabbllee

––  CCaarreeffuull  mmoonniittoorriinngg  ooff  tthhee  eeffffeecctt  ooff  tthhee

ffaarrmm--ooppeerraattiioonn  aatt  tthhee  ssiittee  sshhoouulldd  bbee  

iinnssttiittuutteedd

––  AAddjjuusstt  tthhee  ooppeerraattiioonn  ooff  tthhee  ffaarrmm  aaccccoorrddiinngg

ttoo  tthhee  rreessuullttss  ooff  tthhee  mmoonniittoorriinngg  

––  DDiissppoossee  tthhee  wwaassttee  aanndd  ddeeaadd  ffiisshh  iinn  

ddeessiiggnnaatteedd  ssiillaaggee  ffaacciilliittiieess  ((cclloosseedd  ttaannkkss  

wwiitthh  ffoorrmmiicc  aacciidd)),,  oonnsshhoorree  iinn  lliimmee  ppiittss  

oorr  bbyy  bbuurrnniinngg..
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BBOOXX 55::  PPOOSSSSIIBBLLEE SSUUGGGGEESSTTIIOONNSS FFOORR EEIIAA  
SSTTUUDDYY CCOONNTTEENNTTSS

((AADDAAPPTTEEDD FFRROOMM PPAAPP//RRAACC,,  11999966))

11..  IINNTTRROODDUUCCTTIIOONN

TThhee  EEIIAA  sshhoouulldd  ccoonnttaaiinn  aa  sshhoorrtt  ddeessccrriippttiioonn  ooff  tthhee

ssiittee,,  ddeessccrriippttiioonn  ooff  tthhee  ppllaannnneedd  aaccttiivviittiieess  aanndd

iimmppoorrttaannccee  ooff  tthhee  pprroojjeecctt..

22..  DDEESSCCRRIIPPTTIIOONN OOFF TTHHEE PPRROOPPOOSSEEDD

PPRROOJJEECCTT

TThhee  pprrooppoosseedd  ppllaann  ooff  tthhee  pprroojjeecctt  sshhoouulldd  bbee

sshhoowwnn  oonn  tthhee  aapppprroopprriiaattee  bbaatthhyymmeettrriicc  mmaapp

((SSccaallee  11::11000000  oorr  11::22550000))  ttooggeetthheerr  wwiitthh  ssiittee  ppllaann

tthhaatt  pprreesseennttss  tthhee  llooccaattiioonn  ooff  bbuuiillddiinnggss,,  llaanndd

bbaasseedd  iinnssttaallllaattiioonnss  aanndd  ootthheerr  ssttrruuccttuurreess..  TThhee

ddeessccrriippttiioonn  sshhoouulldd  iinncclluuddee::

aa))  DDeettaaiillss  ooff  mmeetthhooddss  ooff  ccoonnssttrruuccttiioonn

((mmaatteerriiaallss  uusseedd,,  ttrraannssppoorrtt  ssuuiittaabbiilliittyy  ooff

rrooaaddss));;

bb))  DDeettaaiilleedd  ddeessccrriippttiioonn  ooff  tthhee  ffaarrmmiinngg

ooppeerraattiioonnss  pprrooppoosseedd  aatt  tthhee  ssiittee  

((mmeetthhooddss,,  ssppeecciieess,,  iinniittiiaall  aanndd  ffuuttuurree  

pprroodduuccttiioonn  ccaappaacciittyy,,  eexxppeecctteedd  ppaatttteerrnnss  

ooff  ssttoocckk  wweeiigghhtt  aanndd  ffeeeedd  iinnppuutt));;

cc))  AAnn  eessttiimmaattiioonn  ooff  tthhee  qquuaalliittyy  aanndd  

qquuaannttiittyy  ooff  wwaassttee  llooaaddss  pprroodduucceedd  bbyy  tthhee

ffaarrmm’’ss  ooppeerraattiioonnss,,  ddiissppoossaall  ooff  wwaasstteess,,

mmoorrttaalliittiieess,,  ddiisseeaassee  aanndd  ootthheerr  ttrreeaattmmeennttss..

33..  RREEAASSOONNSS FFOORR SSEELLEECCTTIINNGG TTHHEE PPRROOPPOOSSEEDD

SSIITTEE AANNDD TTEECCHHNNOOLLOOGGIIEESS

TThhee  rreeaassoonnss  ffoorr  sseelleeccttiinngg  tthhee  pprrooppoosseedd  ssiittee,,

iinncclluuddiinngg  aa  sshhoorrtt  ddeessccrriippttiioonn  ooff  aalltteerrnnaattiivveess,,

wwhhiicchh  hhaavvee  bbeeeenn  ccoonnssiiddeerreedd,,  sshhoouulldd  bbee  ggiivveenn..
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BBOOXX 55  CCOONNTTIINNUUEEDD::  PPOOSSSSIIBBLLEE SSUUGGGGEESSTTIIOONNSS FFOORR EEIIAA  SSTTUUDDYY CCOONNTTEENNTTSS

44..  SSIITTEE DDEESSCCRRIIPPTTIIOONN AANNDD EENNVVIIRROONNMMEENNTT

aa))  PPhhyyssiiccaall  cchhaarraacctteerriizzaattiioonn  ooff  tthhee  llooccaall  aaqquuaattiicc  eennvviirroonnmmeenntt  sshhoouulldd  iinncclluuddee  iinnffoorrmmaattiioonn  oonn  tthhee  ffoolllloowwiinngg::

--  aann  oonnsshhoorree  ttooppooggrraapphhiicc  aanndd  ooffffsshhoorree  bbaatthhyymmeettrriicc  mmaapp  ooff  tthhee  ssiittee  aatt  lleeaasstt  11  kkmm  bbeeyyoonndd  tthhee  

--  ccuullttuurriinngg  llooccaattiioonn;;

--  ddeettaaiillss  ooff  aannyy  eexxiissttiinngg  uunnddeerrwwaatteerr  bbaannkkss,,  wwhhiicchh  ccoouulldd  iimmppaacctt  wwaatteerr,,  mmaassss  mmoovveemmeenntt,,  cchhaannnneellss

aanndd  tthheeiirr  ccoommmmuunniiccaattiioonn  wwiitthh  tthhee  sseeaa;;

--  ddeessccrriippttiioonn  ooff  sshhoorree,,  bboottttoomm  ttyyppee..

bb))  MMeetteeoorroollooggiiccaall,,  hhyyddrrooggrraapphhiicc  aanndd  hhyyddrroollooggiiccaall  iinnffoorrmmaattiioonn::

--  pprreeddooiimmnnaanntt  wwiinndd  ddiirreeccttiioonn,,  wwiinndd  vveelloocciittyy  aanndd  iinntteennssiittyy  ((wwiinndd  rroosseess,,  eexxttrreemmee  eevveennttss));;

--  ttiiddaall  ccoonnddiittiioonnss,,  tthhee  sseeiicchheess  aanndd  tthhee  pprroobbaabbiilliittyy  ooff  eexxttrreemmee  ccoonnddiittiioonnss;;

--  wwaavvee  ccoonnddiittiioonnss  aanndd  ccuurrrreennttss;;

--  hhyyddrroollooggiiccaall  ccoonnddiittiioonnss  ooff  nnaattuurraall  oorr  aarrttiiffiicciiaall  wwaatteerr  cchhaannnneellss  aanndd  oouuttlleettss  ttoo  tthhee  sseeaa;;

--  tteemmppeerraattuurree//ooxxyyggeenn  pprrooffiilleess..

cc))  TTyyppiiccaall  wwaatteerr  cchheemmiissttrryy  bbaasseedd  oonn  tthhee  mmeeaann  ooff  ffoouurr  rreepplliiccaattee  ssaammpplleess  ccoolllleecctteedd  aatt  eeaacchh  ooff  tthhrreeee  ddeepptthhss

((00..55mm,,  55mm  aanndd  11mm  ooff  tthhee  bboottttoomm))  wwhhiicchh  mmuusstt  iinncclluuddee  ddeetteerrmmiinnaattiioonnss  ooff::

--  ssaalliinniittyy  ((pppptt))

--  ppHH  ((uunniittss))

--  ttoottaall  pphhoosspphhoorruuss  ((µµgg//ll))

--  oorrtthhoopphhoosspphhaattee  ((µµgg//ll))

--  ttoottaall  nniittrrooggeenn  ((µµgg//ll))

--  aammmmoonniiaa  ((µµgg//ll))

--  nniittrraattee  ((µµgg//ll))

--  nniittrriittee  ((µµgg//ll))

--  ssuussppeennddeedd  ssoolliiddss//ttuurrbbiiddiittyy

dd))  SSeeddiimmeenntt  cchheemmiissttrryy,,  bbaasseedd  oonn  tthhee  mmeeaann  ooff  ffoouurr  rreepplliiccaattee,,  ggrraabb  ssaammpplleess  ttaakkeenn  bbeellooww  tthhee  llooccaattiioonn  ooff  tthhee

wwaatteerr  ssaammpplleess  ((sseeee  aabboovvee))  wwhhiicchh  iinncclluuddee  ddeetteerrmmiinnaattiioonn  ooff::

--  sseeddiimmeenntt  ttyyppee  oonn  tthhee  ssiittee  aanndd  iittss  ssuurrrroouunnddiinnggss;;

--  rreeddooxx  ppootteennttiiaall  ((aatt  44  ccmm  ddeepptthh  iinn  sseeddiimmeenntt));;

--  sseeddiimmeenntt  oorrggaanniicc  ccaarrbboonn  aanndd  nniittrrooggeenn  ccoonntteenntt..

ee))  BBiioollooggiiccaall  cchhaarraacctteerriizzaattiioonn  ooff  tthhee  llooccaall  aaqquuaattiicc  eennvviirroonnmmeenntt::

--  pphhyyttooppllaannkkttoonn  ccoommmmuunniittyy;;  sseeaassoonnaall  cchhaannggeess  iinn  ccoommppoossiittiioonn;;  ooccccuurrrreennccee  ooff  aallggaall  bblloooommss;;

--  mmeeaann  ssuummmmeerr  cchhlloorroopphhyyllll  aa  lleevveellss;;

--  ssuurrvveeyy  ooff  tthhee  bbeenntthhiicc  ccoommmmuunniittyy;;

--  ffiisshhiinngg  aarreeaass  aanndd  ssppeecciieess  iimmppoorrttaanntt  ttoo  ccoommmmeerrcciiaall  ffiisshhiinngg..

ff))  BBiioollooggiiccaall  cchhaarraacctteerriizzaattiioonn  ooff  tthhee  llooccaall  tteerrrreessttrriiaall  eennvviirroonnmmeenntt  --  eexxiisstteennccee  ooff  ppaarrttiiccuullaarrllyy  sseennssiittiivvee  aanndd//oorr

pprrootteecctteedd  ssppeecciieess  oorr  ccoommmmuunniittiieess..

gg))  PPrreesseenntt  llaanndd  aanndd  sseeaa  uusseess  oonn  ssiittee  aanndd  iinn  ssuurrrroouunnddiinnggss::

--  llooccaattiioonn  aanndd  ssiizzee  ooff  ootthheerr  ffaarrmmiinngg  ooppeerraattiioonnss;;

--  llooccaattiioonn  aanndd  ssiizzee  ooff  nneeaarrbbyy  sseettttlleemmeennttss;;  

--  nnaavviiggaattiioonn  rroouutteess;;

--  llooccaattiioonn  aanndd  ssiizzee  ooff  ttoouurriissmm  aaccttiivviittyy  nneeaarrbbyy  tthhee  ssiittee;;

--  llooccaattiioonn  aanndd  ssiizzee  ooff  nneeaarrbbyy  mmaarriinnaass;;

--  pprrooxxiimmiittyy  ooff  ootthheerr  ppooiinntt  ssoouurrcceess  ooff  nnuuttrriieenntt//eefffflluueenntt,,  iinncclluuddiinngg  iinntteennssiittyy  ooff  aaggrriiccuullttuurree..
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BBOOXX 55  CCOONNTTIINNUUEEDD::  PPOOSSSSIIBBLLEE SSUUGGGGEESSTTIIOONNSS FFOORR EEIIAA  SSTTUUDDYY CCOONNTTEENNTTSS

55..  IIDDEENNTTIIFFIICCAATTIIOONN OOFF PPOOSSSSIIBBLLEE IIMMPPAACCTTSS

AAnn  aasssseessssmmeenntt  ooff  aannttiicciippaatteedd  oorr  ffoorreeccaasstteedd  ppoossiittiivvee  oorr  nneeggaattiivvee  iimmppaacctt,,  uussiinngg  aacccceepptteedd  ssttaannddaarrddss  wwhheerreevv--

eerr  ppoossssiibbllee,,  sshhoouulldd  bbee  ggiivveenn,,  iinncclluuddiinngg  tthhee  ffoolllloowwiinngg::

AA))  TTOOPPOOGGRRAAPPHHIICC AANNDD BBAATTHHYYMMEETTRRIICC CCHHAANNGGEESS AANNDD TTHHEE OOCCCCUURRRREENNCCEE OOFF CCHHAANNGGEESS DDUURRIINNGG AANNDD AAFFTTEERR CCOONNSSTTRRUUCCTTIIOONN;;

BB))  CCHHAANNGGEESS IINN WWAATTEERR CCIIRRCCUULLAATTIIOONN DDUUEE TTOO AAQQUUAACCUULLTTUURREE CCOONNSSTTRRUUCCTTIIOONN;;

CC))  SSAANNDD MMOOVVEEMMEENNTTSS AANNDD WWHHEERREE IINNCCRREEAASSEEDD SSAANNDD AACCCCUUMMUULLAATTIIOONN AANNDD CCOOAASSTTAALL EERROOSSIIOONN IISS LLIIKKEELLYY TTOO OOCCCCUURR;;

DD))  HHYYPPEERRNNUUTTRRIIFFIICCAATTIIOONN//EEUUTTRROOPPHHIICCAATTIIOONN ––  EEXXPPEECCTTEEDD RREESSPPOONNSSEE OOFF LLOOCCAALL BBIIOOLLOOGGIICCAALL CCOOMMMMUUNNIITTIIEESS;;

EE))  PPHHYYSSIICCAALL AACCCCUUMMUULLAATTIIOONN AANNDD OORRGGAANNIICC EENNRRIICCHHMMEENNTT OOFF AAQQUUAATTIICC SSEEDDIIMMEENNTTSS ––  EEXXPPEECCTTEEDD RREESSPPOONNSSEE;;

FF))  IIMMPPAACCTT OONN BBOOTTTTOOMM FFLLOORRAA AANNDD FFAAUUNNAA,,  TTHHEE RRIISSKK OOFF LLOOSSSS OOFF AA HHAABBIITTAATT,,  CCHHAANNGGEESS LLIIKKEELLYY TTOO OOCCCCUURR;;  

GG))  DDIISSPPOOSSAALL OOFF SSTTOOCCKK MMOORRTTAALLIITTIIEESS;;

HH))  AAEESSTTHHEETTIICC IIMMPPAACCTTSS OOFF BBUUIILLDDIINNGGSS AANNDD OOTTHHEERR SSTTRRUUCCTTUURREESS;;

II))  IIMMPPAACCTT OONN TTHHEE QQUUAALLIITTYY OOFF BBAATTHHIINNGG WWAATTEERR AANNDD OONN TTHHEE CCLLEEAANNLLIINNEESSSS OOFF BBEEAACCHH SSAANNDD,,  IIFF AANNYY;;

JJ))  IINNTTEERRAACCTTIIOONN WWIITTHH LLOOCCAALL FFIISSHHEERRMMEENN;;

KK))  IIMMPPAACCTT OONN NNAAVVIIGGAATTIIOONN RROOUUTTEESS AANNDD OOTTHHEERR AACCTTIIVVIITTIIEESS IINN TTHHEE SSEEAA..

66..  MMEEAASSUURREESS TTOO RREEDDUUCCEE OORR PPRREEVVEENNTT NNEEGGAATTIIVVEE IIMMPPAACCTTSS

TThhiiss  sseeccttiioonn  sshhoouulldd  ddeessccrriibbee  aallll  mmeeaassuurreess  --  wwhheetthheerr  tteecchhnniiccaall,,  lleeggaall,,  ssoocciiaall,,  eeccoonnoommiicc  oorr  ootthheerr  --  ttoo  pprreevveenntt,,

rreedduuccee  oorr  mmiittiiggaattee  tthhee  nneeggaattiivvee  eeffffeeccttss  ooff  tthhee  pprrooppoosseedd  aaqquuaaccuullttuurree  aaccttiivviittiieess..

77..  MMOONNIITTOORRIINNGG

MMeeaassuurreess  ttoo  bbee  uusseedd  ttoo  mmoonniittoorr  tthhee  eeffffeeccttss  oonn  aa  lloonngg--tteerrmm  bbaassiiss,,  iinncclluuddiinngg  tthhee  ccoolllleeccttiioonn  ooff  ddaattaa,,  tthhee

aannaallyyssiiss  ooff  ddaattaa,,  aanndd  tthhee  eennffoorrcceemmeenntt  pprroocceedduurreess,,  wwhhiicchh  aarree  aavvaaiillaabbllee  ttoo  eennssuurree  iimmpplleemmeennttaattiioonn  ooff  tthhee

mmeeaassuurreess  sshhoouulldd  bbee  ggiivveenn..  SSeeee  CChhaapptteerr  66  ffoorr  aaddddiittiioonnaall  ssuuggggeessttiioonnss..

88..  BBIIBBLLIIOOGGRRAAPPHHYY

AA  lliisstt  ooff  ssoouurrccee  mmaatteerriiaallss  tthhaatt  aarree  uusseedd  oorr  ccoonnssuulltteedd  iinn  tthhee  pprreeppaarraattiioonn  ooff  tthhee  EEIIAA  ssttuuddiieess  sshhoouulldd  bbee  ggiivveenn..
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CHAPTER 6:

MONITORING 

OF MARINE 

AQUACULTURE 

I n this Chapter brief outline of monitoring pro-

cedures is provided. Modelling may be a use-

ful tool in EIA and monitoring procedures, but

a decision should be made on the type and the

scope of a model (or models) to be used. This

decision should be based on specific conditions

and types of productions, as these differ in

organic load, impact to environment and require-

ments. Regardless of the model developing pro-

cedure, it is suggested that all fish farms in Croa-

tia should regularly monitor the impact on the

environment. Suggested monitoring procedures

are simple and should be cost-effective. Data

gathered from the monitoring should be sup-

plied to the central database in the County, and

there should be an expert body at the level of

the County, which would assess the data and

provide advice to the planners and farmers alike

on future management options or changes. If

linked to a good planning and licensing proce-

dure, and a good EIA procedure, this system

could assist the farmers and the planners in

managing the system in a sustainable way. It is

also suggested that two or more small farms of

less than 100t if located in close proximity (shell-

fish farms usually) should be monitored as one

larger production farm.

6.1. GENERAL CONSIDERATIONS

All fish farms release some effluents, which

give an environmental response in the vi-

cinity of the farms. The purpose of monitoring is

to assess this impact and to provide a base for

options to improve performance. 

The process of monitoring is in principle as

follows: the impact of a certain production at

an operational farm is modelled and then che-

cked at the site and in its surroundings. The re-

sults are compared to the EQS or any agreed upon

standard, and the level of production and fu-

ture monitoring frequency and thoroughness is

adjusted according to the findings. The cycle is

then repeated after a certain interval.

An example of this principle is given below (The

MOM – Modelling-Ongrowing fish farms-moni-

toring – system which the Norwegian standard

is based upon).

Figure 3. MOM system (Modelling-Ongrowing-
Monitoring), a Norwegian system

Environmental conditions and associated tol-

erance levels are extremely variable in marine wa-

ters. Therefore, it is more important to monitor

environmental impact using critical effect para-

meters rather than measuring the actual effluent

from the fish farm. An essential aspect of mon-

itoring survey strategy is to ensure that the

methodologies used are uniform and that they

are applied to the same standards in all surveys.

Thus there have to be standardised protocols

for all methods used and a system for ensuring

that these are adhered to by all survey opera-

tors (Quality Assurance/Quality Control).

Chapter 6 

New farm
Farm in

operation

MODEL EQS
MONITORING

PROGRAMME

DEGREE OF

EXPLOITATION

1.

2.

3.

LEVEL OF

MONITORING

A

B

C

THE MOM SYSTEM
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6.2. EIA AND MONITORING

EIA and monitoring are inter-related: moni-

toring is the mean to assess the environmen-

tal impact. Hence, each monitoring should be lin-

ked to the EIA, or rather to the results of the pre-

diction model used in EIA. Data and model pre-

dictions from EIA are needed to design efficient

and cost-effective monitoring programmes. The

pre-requisites for a sound monitoring are to have

both a good baseline study and basic EQS set,

or at least main indicator values identified. 

6.3. MONITORING IN THE

REPUBLIC OF CROATIA

The Environmental Protection Act regulates

monitoring of marine aquaculture in Repub-

lic of Croatia. It is done in accordance with the EIA

study, as this document then states what kind

of monitoring should be conducted.

Although there is a legal basis for monitor-

ing, several problems have been observed in

practice. First of all, monitoring system is not uni-

fied – there is no clear and defined set of para-

meters to be universally monitored on one type

of fish farm. Also, baseline values are lacking in

some case, and prediction models differ signif-

icantly, if and when are used. Finally, no standards

are set in terms of indicator impact parameters,

which would signal the need for some manage-

ment options and future decisions.

6.4. MONITORING CRITERIA

Overloading of sites and accumulation of

organic material in the form of waste feed

pellets and excrement can be a fundamental

cause of stress, poor growth and disease, with the

associated spread of infectious agents and need

for medication. Organic material can therefore be

influential for several types of environmental

impact, even if the effect is greatest on the bot-

tom under the cages. The present standard fo-

cuses on methods for determination of bottom

conditions at and in the vicinity of fish farms.

Repeated and systematic monitoring provides

an overview of the possible changes in bottom

conditions both under and around the site. The

environmental effects are monitored regularly

and any undesirable developments are corrected.

6.4.1 TERMINOLOGY – SOME 
DEFINITIONS

6.4.1.1 HOLDING CAPACITY

The holding capacity as related to auculture is a

measure of the biomass of cultured species that

can be supported without detriment to either

cultured species themselves or to the environment,

generally depends on effects that occur on a larg-

er spatial scale. Accordingly the long-term sustain-

able production of aquaculture is largely related to

the holding capacity of the environment it is asso-

ciated with. In the case of aquaculture the hold-

ing capacity (or environmental capacity) may be:

––  TTHHEE RRAATTEE AATT WWHHIICCHH NNUUTTRRIIEENNTTSS CCAANN BBEE AADDDDEEDD

WWIITTHHOOUUTT TTRRIIGGGGEERRIINNGG EEUUTTRROOPPHHIICCAATTIIOONN;;

––  TTHHEE RRAATTEE OOFF OORRGGAANNIICC FFLLUUXX TTOO TTHHEE BBEENNTTHHOOSS

WWIITTHHOOUUTT MMAAJJOORR DDIISSRRUUPPTTIIOONN TTOO NNAATTUURRAALL BBEENN--
TTHHIICC PPRROOCCEESSSSEESS;;

––  TTHHEE RRAATTEE OOFF DDIISSSSOOLLVVEEDD OOXXYYGGEENN DDEEPPLLEETTIIOONN

TTHHAATT CCAANN BBEE AACCCCOOMMMMOODDAATTEEDD WWIITTHHOOUUTT MMOORR--
TTAALLIITTYY OOFF TTHHEE IINNDDIIGGEENNOOUUSS BBIIOOTTAA..

6.4.1.2 ALLOWABLE ZONE OF

EFFECT (AZE)
The use of AZE accepts that aquaculture will have

an impact restricted to a defined area. Establi-

shing an AZE around a cage or cage set provi-

des a degree of flexibility in the regulation of farms

effects. This practice recognises that it is difficult

to cause no environmental effects from inten-

sive fish production in the immediate vicinity of
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Chapter 6

BBOOXX 66::  VVAARRIIAABBLLEESS OOFFTTEENN UUSSEEDD TTOO

MMOONNIITTOORR TTHHEE EECCOOLLOOGGIICCAALL EEFFFFEECCTTSS OOFF

CCOOAASSTTAALL AAQQUUAACCUULLTTUURREE WWAASSTTEESS ((GGEESSAAMMPP))

VVAARRIIAABBLLEE UUSSAAGGEE CCOOSSTT VVAALLUUEE

SSEEDDIIMMEENNTT CCHHEEMMIISSTTRRYY

RReeddooxx  ppootteennttiiaall  ((EEhh)) MM LL HH
DDeepptthh  ooff  vviissuuaall  EEhh  

ddiissccoonnttiinnuuiittyy
LL LL LL

TToottaall  OOrrggaanniicc  CCaarrbboonn

((TTOOCC))
HH MM MM

TToottaall  KKjjeellddaahhll  

NNiittrrooggeenn  ((TTKKNN))

TToottaall  NNiittrrooggeenn  ((TTNN)) LL MM MM

BBEENNTTHHIICC BBIIOOTTAA

VViissuuaall  pprreesseennccee  ooff

BBeeggggiiaattooaa
HH LL MM

MMiiccrrooffaauunnaall  

CCoommmmuunniittyy

SSttrruuccttuurree HH HH HH

VViissuuaall  ssuurrvveeyy HH LL LL

WWAATTEERR CCHHEEMMIISSTTRRYY

DDiissssoollvveedd  OOxxyyggeenn HH LL HH
BBiioocchheemmiiccaall  OOxxyyggeenn

DDeemmaanndd  ((BBOODD))
HH LL HH

SSuussppeennddeedd  SSoolliiddss  

((SSSS))
HH LL MM

ppHH LL LL LL
TTrraannssppaarreennccyy

((SSeecccchhii  ddiisskk,,  NNTTUU))
LL LL LL

DDiissssoollvveedd  IInnoorrggaanniicc

NNuuttrriieennttss
HH HH MM

PPHHYYTTOOPPLLAANNKKTTOONN

BBIIOOMMAASSSS

CChhlloorroopphhyyllll LL MM HH

LLEEGGEENNDD::
LL  --  llooww
MM  --  mmeeddiiuumm
HH  --  hhiigghh

the cages. In Mediterranean practice regulators

have tended to specify a maximum AZE, typically

a radius of 25 or 50 m from the cages or the licen-

sed surface area. 

6.4.1.3 REFERENCE SITES

It is an essential aspect of any survey strategy that

a suitable reference sampling station(s) is select-

ed as a comparator against which changes at sta-

tions influenced by fish farm discharges can be

assessed. 

Reference stations should be located far

enough from the cages to be well beyond any

cage related influence but in an area having sim-

ilar depth, sedimentary and hydrographic char-

acteristics. In practice it is usually found that a

position upstream of the predominant current

through the cage site at a distance of between

500 and 1000 m is suitable. 

However this can vary if local circumstances

dictate another position. If the local conditions

are very variable in the vicinity of the cage site

it may be necessary to select more than one ref-

erence station in order to have undisturbed

comparators for all conditions observed at the

stations along the chosen sampling transect.

6.4.1.4 IMPACT ZONES

Fish farm effluent consists of large particles (wast-

ed feed pellets and intact faecal pellets), small-

er suspended particles (feed dust and broken

faecal pellets) and dissolved material (nutrients,

organic compounds etc.). 

These types of effluents have different potential

dispersal kinetics, and affect the water column

and sea floor at varying distances from the fish

farm. 

A greater impact is accepted under a fish farm

than further out into the recipient. Around a fish

farm, various zones are formed, which are af-

fected to different degrees (see Table 11), and

where different environmental standards are

used. The table gives information on the domi-

nant source, and potential source of impact.
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Table 11. Overview of impact zones

LLOOCCAALL

IIMMPPAACCTT

ZZOONNEE

IINNTTEERRMMEEDDIIAATTEE

IIMMPPAACCTT

ZZOONNEE

RREEGGIIOONNAALL

ZZOONNEE

DDEEFFIINNIITTIIOONN

AArreeaa  uunnddeerr

aanndd  nneeaarr  aa

ffiisshh  ffaarrmm

wwhheerree  mmoosstt  

ooff  tthhee  llaarrggeerr

ppaarrttiicclleess  aarree

ddeeppoossiitteedd..

TThhiiss  ddooeess  nnoott  

nnoorrmmaallllyy

eexxtteenndd

bbeeyyoonndd  1155mm

ffrroomm  tthhee  ffiisshh

ffaarrmm

AArreeaa

bbeettwweeeenn  tthhee

llooccaall  iimmppaacctt

zzoonnee  aanndd

tthhee  rreemmoottee

zzoonnee,,  wwhheerree

sseeddiimmeennttaa--

ttiioonn  ooff

ssmmaalllleerr  

ppaarrttiicclleess

ooccccuurrss    

AArreeaa

bbeeyyoonndd

ttrraannssiittiioonnaall

zzoonnee    

SSOOUURRCCEE OOFF

IIMMPPAACCTT
FFiisshh  ffaarrmm

TThhee  ffiisshh

ffaarrmm  iiss  aa

ssoouurrccee  ooff

iimmppaacctt,,  bbuutt

ootthheerr  

ffaaccttoorrss  

ccoonnttrriibbuuttee

TThhee  ffiisshh

ffaarrmm  iiss  oonnee

ooff  sseevveerraall

ssoouurrcceess  ooff

iimmppaacctt

PPOOTTEENNTTIIAALL

IIMMPPAACCTT

MMaarrkkeedd

cchhaannggeess  iinn

bbeenntthhiicc  

ffaauunnaall  

ccoommmmuunniittiieess

aanndd  cchheemmiiccaall

ccoonnddiittiioonnss  aatt

tthhee  sseeaa  fflloooorr..

FFoouulliinngg  ooff  tthhee

ccaaggee  ggrroouupp,,

rreedduucceedd  

ooxxyyggeenn  lleevveellss

iinn  tthhee  ccaaggeess

GGrraadduuaallllyy

lleessss  iimmppaacctt

IInnccrreeaasseedd

pprriimmaarryy

pprroodduuccttiioonn

aanndd  ooxxyyggeenn

ccoonnssuummpp--

ttiioonn  iinn

ddeeeeppeerr

wwaatteerr

BBOOXX 77::  OOVVEERRVVIIEEWW OOFF AAQQUUAACCUULLTTUURREE--SSPPEECCIIFFIICC

MMOONNIITTOORRIINNGG PPAARRAAMMEETTEERRSS AANNDD

CCHHAARRAACCTTEERRIISSTTIICCSS FFOORR WWHHIICCHH DDAATTAA MMAAYY BBEE

CCOOLLLLEECCTTEEDD

––  HHyyddrrooggrraapphhiicc  aanndd  ttooppooggrraapphhiicc  ccoonnddiittiioonnss

ooff  ccooaassttaall  wwaatteerr  bbooddiieess  iinn  tteerrmmss  ooff  ccuurrrreenntt

––  DDiirreeccttiioonnss  aanndd  ssppeeeeddss,,  ttiiddee  ddyynnaammiiccss,,

wwaavvee  aaccttiioonnss,,  wwiinnddss,,  rreetteennttiioonn  ttiimmeess  ooff

wwaatteerr

BBOOXX 77  CCOONNTTIINNUUEEDD::  OOVVEERRVVIIEEWW OOFF

AAQQUUAACCUULLTTUURREE--SSPPEECCIIFFIICC MMOONNIITTOORRIINNGG

PPAARRAAMMEETTEERRSS AANNDD CCHHAARRAACCTTEERRIISSTTIICCSS FFOORR

WWHHIICCHH DDAATTAA MMAAYY BBEE CCOOLLLLEECCTTEEDD

––  MMaasssseess  iinn  eemmbbaayymmeenntt,,  ssttrraattiiffiiccaattiioonn  ppaatt--

tteerrnnss,,  eessttuuaarriinnee  mmiixxiinngg  ooff  mmaarriinnee  aanndd  ffrreesshh

wwaatteerr  mmaasssseess,,  fflluuccttuuaattiioonnss  iinn  rriivveerr  fflloowwss;;  

––  DDeepptthhss,,  ssllooppeess,,  sseeaabbeedd  ttyyppeess,,  sseeddiimmeenn

ttaattiioonn  aanndd  eerroossiioonn  ppaatttteerrnnss,,  eettcc..;;

––  EEccoollooggiiccaall  cchhaarraacctteerriissttiiccss  ooff  ““uunnddiissttuurrbbeedd””

bbeenntthhiicc  aanndd  ppeellaaggiicc  ccoommmmuunniittiieess  aass  wweellll  aass

ooff  lliittttoorraall//rriippaarriiaann  ffaauunnaa  aanndd  fflloorraa;;

––  PPaatttteerrnnss,,  eexxtteenntt  aanndd  ccoonnsseeqquueenncceess  ooff

aaqquuaattiicc  ccoonnttaammiinnaattiioonn  aanndd  pphhyyssiiccaall  

ddeeggrraaddaattiioonn  bbyy  ccooaassttaall  aaccttiivviittiieess  ootthheerr  tthhaann

aaqquuaaccuullttuurree;;

––  LLooccaattiioonn,,  lliiffeettiimmee  aanndd  llaayyoouutt  ooff  tthhee  

aaqquuaaccuullttuurree  ffaarrmm,,  iinncclluuddiinngg  ssiizzee,,  ddeessiiggnn  oorr

ccoonnssttrruuccttiioonn  ooff  hhoollddiinngg  uunniittss,,  wwaatteerr  ssuuppppllyy

cchhaannnneellss,,  ttuubbiinngg,,  pprree--  aanndd  ppoosstt--  wwaatteerr  

ttrreeaattmmeenntt  ffaacciilliittiieess,,

––  QQuuaalliittyy  ooff  wwaatteerr  ssuuppppllyy,,  wwaatteerr  eexxcchhaannggee

rreeqquuiirreemmeennttss  ((ssaalltt  wwaatteerr//ffrreesshh  wwaatteerr)),,  

pprrooppeerrttiieess  ooff  ppoonndd  ssooiillss,,  eettcc..;;

––  CCuullttuurreedd  oorrggaanniissmmss,,  iinncclluuddiinngg  ttyyppee  aanndd

nnuummbbeerr  ooff  ssppeecciieess//ssttrraaiinnss,,  ssiizzee//aaggee,,  ssttoocckkiinngg

ddeennssiittyy,,  ggrroowwtthh,,  yyiieelldd  ppeerr  pprroodduuccttiioonn  ccyyccllee;;

ttiimmee  ooff  ssttoocckkiinngg  aanndd  hhaarrvveessttiinngg;;  ddiisseeaassee

pprroobblleemmss  ((ttyyppee,,  oonnsseett,,  dduurraattiioonn)),,  lloosssseess;;

––  IInnppuuttss,,  iinncclluuddiinngg  ffeeeeddss,,  ffeerrttiilliizzeerrss,,  

cchheemmiiccaallss,,  iinn  tteerrmmss  ooff  ttyyppee,,  qquuaannttiittyy,,  

ccoommppoossiittiioonn  ((iiff  ppoossssiibbllee,,  ccoonntteenntt  ooff  wwaatteerr,,

iinnoorrggaanniicc  aanndd  oorrggaanniicc  ccaarrbboonn,,  nniittrrooggeenn,,

pphhoosspphhoorruuss))  ccoonnssiisstteennccyy,,  ffoooodd  ppaarrttiiccllee  ssiizzee;;

mmeetthhooddss,,  sscchheedduullee  aanndd  ffrreeqquueennccyy  ooff  ffeeeeddiinngg,,

ffeerrttiilliizziinngg  aanndd  cchheemmiiccaall  uussaaggee;;

––  SSppaattiiaall  aanndd  tteemmppoorraall  cchhaannggeess  iinn  tthhee  wwaatteerr

ccoolluummnn  wwiitthhiinn  aanndd//oorr  aarroouunndd  tthhee  ffaarrmm,,  iinn

tteerrmmss  ooff  wwaatteerr  cciirrccuullaattiioonn//ccuurrrreenntt  ssppeeeeddss,,

ssaalliinniittyy,,  ttuurrbbiiddiittyy,,  ccoolloouurr,,  tteemmppeerraattuurree,,  ppHH,,

ddiissssoollvveedd  ooxxyyggeenn,,  ddiissssoollvveedd  iinnoorrggaanniicc  

nnuuttrriieennttss,,  ttoottaall  ccaarrbboonn,,  ttoottaall  nniittrrooggeenn,,  

ttoottaall  pphhoosspphhoorruuss,,  ssuussppeennddeedd  aanndd  sseettttlleedd  

ppaarrttiiccuullaattee  mmaatttteerr,,  BBOODD,,  eettcc..;;
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BBOOXX 77  CCOONNTTNNUUEEDD::  OOVVEERRVVIIEEWW OOFF

AAQQUUAACCUULLTTUURREE--SSPPEECCIIFFIICC MMOONNIITTOORRIINNGG

PPAARRAAMMEETTEERRSS AANNDD CCHHAARRAACCTTEERRIISSTTIICCSS FFOORR

WWHHIICCHH DDAATTAA MMAAYY BBEE CCOOLLLLEECCTTEEDD

––  SSppaattiiaall  aanndd  tteemmppoorraall  cchhaannggeess  iinn  aanndd  oonn

tthhee  sseeaabbeedd  ((aanndd  ppoonndd  bboottttoommss))  iinn  tteerrmmss  ooff

sseeddiimmeenntt  ccoolloouurr,,  tthhiicckknneessss,,  ccoonnssiisstteennccyy,,  ppHH,,

rreeddooxx  ppootteennttiiaall,,  oorrggaanniicc  mmaatttteerr  ccoonntteenntt,,

BBOODD,,  CCOODD,,  ttoottaall  ccaarrbboonn,,  ttoottaall  nniittrrooggeenn,,  ttoottaall

pphhoosspphhoorruuss,,  ddiissssoollvveedd  iinnoorrggaanniicc  nnuuttrriieennttss,,

ddiissssoollvveedd  ooxxyyggeenn,,  hhyyddrrooggeenn  ssuullpphhiiddee,,

mmeetthhaannee,,  ddrruugg  rreessiidduuaallss,,  eettcc..

––  SSppaattiiaall  aanndd  tteemmppoorraall  cchhaannggeess  iinn  bbeenntthhiicc

aanndd  ppeellaaggiicc  oorrggaanniissmmss  ((ppaarrttllyy  iinncclluuddiinngg  

ccuullttuurreedd  oorrggaanniissmmss))  iinn  tteerrmmss  ooff  rreessppoonnsseess  aatt

bbiioocchheemmiiccaall  aanndd  cceelllluullaarr  lleevveell,,  rreessppoonnsseess  aatt

tthhee  lleevveell  ooff  iinnddiivviidduuaall  oorrggaanniissmmss  

((mmoorrpphhoollooggiiccaall  aannoommaalliieess,,  rreedduucceedd  

rreepprroodduuccttiioonn,,  ggrroowwtthh  aanndd  ssuurrvviivvaall,,  

aaccccuummuullaattiioonn  ooff  cchheemmiiccaallss  iinn  ttiissssuueess)),,

rreessppoonnsseess  aatt  ppooppuullaattiioonn  aanndd  ccoommmmuunniittyy  

lleevveell  ((aabbuunnddaannccee  ooff  iinnddiiccaattoorr  ssppeecciieess,,

ssppeecciieess  rriicchhnneessss,,  aabbuunnddaannccee,,  bbiioommaassss,,  

ddiivveerrssiittyy)),,  eenneerrggyy  ffllooww  iinn  ffoooodd  wweebbss,,  eettcc

BBOOXX 88::  IINNDDIICCAATTOORRSS CCOOMMMMOONNLLYY UUSSEEDD IINN TTHHEE

WWAATTEERR QQUUAALLIITTYY MMOONNIITTOORRIINNGG PPRROOGGRRAAMMSS

PPHHYYSSIICCAALL

TTeemmppeerraattuurree  aanndd  ssaalliinniittyy  pprrooffiilleess  aarree  uusseedd  ttoo

ddeetteerrmmiinnee  aammbbiieenntt  ssttrraattiiffiiccaattiioonn,,  wwhhiicchh  iinn

ttuurrnn  ccaann  ccoonnttrrooll  vveerrttiiccaall  eexxcchhaannggee  ooff  hheeaatt

aanndd  ffoooodd..  SSuuddddeenn  aanndd  eexxcceessssiivvee  cchhaannggeess  iinn

tteemmppeerraattuurree,,  ee..gg..  aass  aa  rreessuulltt  ooff  tthhee  ccoooolliinngg

wwaatteerr  ddiisscchhaarrggee,,  ccaann  hhaavvee  ddeettrriimmeennttaall  eeffffeeccttss

oonn  tthhee  aaqquuaattiicc  eennvviirroonnmmeenntt..

NNUUTTRRIIEENNTTSS

NNIITTRROOGGEENN ((OOrrggaanniicc,,  NNiittrraattee  pplluuss  nniittrriittee,,

AAmmmmoonniiaa,,  TToottaall))

PPHHOOSSPPHHOORRUUSS ((FFiilltteerraabbllee  rreeaaccttiivvee,,  TToottaall))

TThhee  nnuuttrriieennttss  nniittrrooggeenn  aanndd  pphhoosspphhoorruuss  aarree

eesssseennttiiaall  ffoorr  ppllaanntt  ggrroowwtthh..  HHiigghh  ccoonncceenn

ttrraattiioonnss  iinnddiiccaattee  ppootteennttiiaall  ffoorr  eexxcceessssiivvee  wweeeedd

aanndd  aallggaall  ggrroowwtthh..  TToottaall  nnuuttrriieennttss  aarree  mmaaddee

uupp  ooff  aa  ddiissssoollvveedd  ccoommppoonneenntt  ((ee..gg..  nniittrraattee

pplluuss  nniittrriittee,,  aammmmoonniiaa  aanndd  ffiilltteerraabbllee  rreeaaccttiivvee

pphhoosspphhoorruuss))  aanndd  aann  oorrggaanniicc  ccoommppoonneenntt,,

wwhhiicchh  iiss  bboouunndd  ttoo  ccaarrbboonn  ((ee..gg..  oorrggaanniicc  

nniittrrooggeenn))..  NNuuttrriieennttss  iinn  tthhee  ddiissssoollvveedd  ssttaattee  ccaann

bbee  rreeaaddiillyy  uusseedd  bbyy  ppllaannttss..  FFRRPP  iiss  aa  mmeeaassuurree  ooff

tthhee  lleevveell  ooff  pphhoosspphhoorruuss  tthhaatt  iiss  rreeaaddiillyy  

rreeccyycclleedd  tthhrroouugghh  oorrggaanniicc  bbiioommaassss;;  TTPP

iinncclluuddeess  FFRRPP  ttooggeetthheerr  wwiitthh  pphhoosspphhoorruuss

bboouunndd  ttoo  tthhee  oorrggaanniicc  mmaatttteerr..  RRaattiioo  ooff  ttoottaall

pphhoosspphhoorruuss  ttoo  ttoottaall  nniittrrooggeenn  ccaann  bbee  uusseedd  aass

aann  iinnddiiccaattoorr  ooff  lliikkeelliihhoooodd  ooff  ccyyaannoobbaacctteerriiaall

bblloooommss..

MMIICCRROOAALLGGAALL GGRROOWWTTHH

CCHHLLOORROOPPHHYYLLLL--AA ––  AAnn  iinnddiiccaattoorr  ooff  aallggaall  bbiioommaassss

iinn  tthhee  wwaatteerr..  AAnn  iinnccrreeaassee  iinn  cchhlloorroopphhyyllll--aa

iinnddiiccaatteess  ppootteennttiiaall  eeuuttrroopphhiiccaattiioonn  ooff  tthhee  

ssyysstteemm..  CCoonnssiisstteennttllyy  hhiigghh  oorr  vvaarriiaabbllee  

cchhlloorroopphhyyllll--aa  ccoonncceennttrraattiioonnss  iinnddiiccaattee  tthhee

ooccccuurrrreennccee  ooff  aallggaall  bblloooommss,,  wwhhiicchh  ccaann  bbee

hhaarrmmffuull  ttoo  ootthheerr  aaqquuaattiicc  oorrggaanniissmmss..

WWAATTEERR CCLLAARRIITTYY

SSUUSSPPEENNDDEEDD SSOOLLIIDDSS ––  SSmmaallll  ppaarrttiicclleess  ((ssooiill,,  

ppllaannkkttoonn,,  oorrggaanniicc  ddeebbrriiss))  ssuussppeennddeedd  iinn

wwaatteerr..  HHiigghh  ccoonncceennttrraattiioonnss  ooff  ssuussppeennddeedd

ssoolliiddss  lliimmiitt  lliigghhtt  ppeenneettrraattiioonn  tthhrroouugghh  wwaatteerr,,

aanndd  ccaauussee  ssiillttiinngg  ooff  tthhee  bbeenntthhiicc  ((bboottttoomm))

eennvviirroonnmmeenntt..  SSuussppeennddeedd  ssoolliiddss  iinn  

ccoonncceennttrraattiioonnss  aass  llooww  aass  220000  mmgg//LL  ccaann  kkiillll

ssuusscceeppttiibbllee  ffiisshh  ssppeecciieess  bbyy  aabbrraassiivvee  aaccttiioonn  

oonn  tthheeiirr  ggiillll  ttiissssuueess..

BBOOXX 88  CCOONNTTIINNUUEEDD::  IINNDDIICCAATTOORRSS CCOOMMMMOONNLLYY

UUSSEEDD IINN TTHHEE WWAATTEERR QQUUAALLIITTYY MMOONNIITTOORRIINNGG

PPRROOGGRRAAMMSS

6.4.2 MEASUREMENT PARAMETERS

MONITORING PROGRAMS ARE COMPOSED OF

A SCHEME FOR MEASUREMENTS OF CERTAIN

PARAMETERS. 
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TTUURRBBIIDDIITTYY ––  AA  mmeeaassuurree  ooff  lliigghhtt  ssccaatttteerriinngg  bbyy  

ssuussppeennddeedd  ppaarrttiicclleess  iinn  tthhee  wwaatteerr  ccoolluummnn..

AAlltteerreedd  lliigghhtt  cclliimmaattee  mmiigghhtt  aaffffeecctt  pprroodduuccttiivviittyy

aanndd  pprreeddaattoorr--pprraayy  rreellaattiioonnsshhiippss..

SSEECCCCHHII DDEEPPTTHH ––  TThhee  ddeepptthh  ttoo  wwhhiicchh  tthhee  bbllaacckk

aanndd  wwhhiittee  mmaarrkkiinnggss  oonn  aa  SSeecccchhii  ddiisscc  ccaann  bbee

cclleeaarrllyy  sseeeenn  ffrroomm  tthhee  ssuurrffaaccee  ooff  tthhee  wwaatteerr  

pprroovviiddeess  aann  iinnddiiccaattiioonn  ooff  lliigghhtt  ppeenneettrraattiioonn..

OOXXYYGGEENN

DDIISSSSOOLLVVEEDD OOXXYYGGEENN ––  EEsssseennttiiaall  ffoorr  lliiffee  pprroocceesssseess  ooff

mmoosstt  aaqquuaattiicc  oorrggaanniissmmss..  LLooww  ccoonncceennttrraattiioonnss  ooff

ddiissssoollvveedd  ooxxyyggeenn  uussuuaallllyy  iinnddiiccaattee  tthhee  pprreesseennccee

ooff  eexxcceessssiivvee  oorrggaanniicc  llooaaddss  iinn  tthhee  ssyysstteemm,,  wwhhiillee

hhiigghh  vvaalluueess  ccaann  iinnddiiccaattee  eexxcceessssiivvee  ppllaanntt  

pprroodduuccttiioonn  ((ii..ee..  eeuuttrroopphhiiccaattiioonn))..  MMaannyy  aaqquuaattiicc

oorrggaanniissmmss  wwiillll  ssuuffffooccaattee  iiff  tthheerree  iiss  iinnssuuffffiicciieenntt

vvoolluummee  ooff  ddiissssoollvveedd  ooxxyyggeenn  iinn  tthhee  wwaatteerr..  

OOXXYYGGEENN DDEEMMAANNDD ––  TThhee  ooxxyyggeenn  ddeemmaanndd  iiss  aa

mmeeaassuurree  ooff  tthhee  lleevveell  ooff  oorrggaanniicc  mmaatttteerr  pprreesseenntt

iinn  tthhee  wwaatteerr  bbooddyy  ((bbootthh  ppaarrttiiccuullaattee  aanndd  

ddiissssoollvveedd))..  BBOODD  ((bbiioollooggiiccaall  ooxxyyggeenn  ddeemmaanndd))  iiss

aa  mmeeaassuurree  ooff  tthhee  aaccttuuaall  aammoouunntt  ooff  ooxxyyggeenn  tthhaatt

wwiilldd  bbee  ccoonnssuummeedd  ffrroomm  tthhee  wwaatteerr  mmaassss  oovveerr

ssoommee  ppeerriioodd  ooff  ttiimmee  ((uussuuaallllyy  55  ddaayyss))  wwhheenn  tthhee

eexxiissttiinngg  bbaacctteerriiaall  ppooppuullaattiioonn  bbrreeaakk  ddoowwnn  wwhhaatt

oorrggaanniicc  mmaatttteerr  tthheeyy  ccaann..  CCOODD  ((cchheemmiiccaall  ooxxyyggeenn

ddeemmaanndd))  iiss  aa  mmeeaassuurree  ooff  ooxxyyggeenn  rreeqquuiirreedd  ffoorr

tthhee  bbrreeaakkddoowwnn  ooff  aallll  tthhee  oorrggaanniicc  mmaatttteerr  

pprreesseenntt  iinn  tthhee  wwaatteerr..  LLeessss  rreeaalliissttiicc  iinnddiiccaattoorr

tthhaann  BBOODD,,  iitt  iiss  mmuucchh  qquuiicckkeerr  ttoo  mmeeaassuurree,,  aanndd

iitt  iiss  oofftteenn  uusseedd  ffoorr  tthhiiss  rreeaassoonn..

PPHH  

PPHH ––  AA  mmeeaassuurree  ooff  tthhee  aacciiddiittyy  oorr  aallkkaalliinniittyy  ooff

tthhee  wwaatteerr..  CChhaannggeess  ttoo  ppHH  ccaann  bbee  ccaauusseedd  bbyy  aa

rraannggee  ooff  ppootteennttiiaall  wwaatteerr  qquuaalliittyy  pprroobblleemmss  ((ee..gg..

llooww  vvaalluueess  dduuee  ttoo  aacciidd  ssuullpphhaattee  rruunnooffff))..

EExxttrreemmeess  ooff  ppHH  ((lleessss  tthhaann  66..55  oorr  ggrreeaatteerr  tthhaann

99))  ccaann  bbee  ttooxxiicc  ttoo  aaqquuaattiicc  oorrggaanniissmmss..  

SSAALLIINNIITTYY

CCOONNDDUUCCTTIIVVIITTYY ––  AA  mmeeaassuurree  ooff  tthhee  aammoouunntt  ooff  

ddiissssoollvveedd  ssaallttss  iinn  tthhee  wwaatteerr,,  aanndd  tthheerreeffoorree  aann

iinnddiiccaattoorr  ooff  ssaalliinniittyy..  IInn  ffrreesshh  wwaatteerr,,  llooww  

ccoonndduuccttiivviittyy  iinnddiiccaatteess  ssuuiittaabbiilliittyy  ffoorr  aaggrriiccuullttuurraall

uussee..  IInn  ssaalltt  wwaatteerrss  llooww  ccoonndduuccttiivviittyy  iinnddiiccaatteess  ooff

ffrreesshhwwaatteerr  iinnfflloowwss  ssuucchh  aass  ssttoorrmm  rruunnooffff..

TTOOXXIICCAANNTTSS IINN SSEEDDIIMMEENNTTSS

TTRRAACCEE EELLEEMMEENNTTSS IINN SSEEDDIIMMEENNTTSS

TTrraaccee  eelleemmeennttss,,  ssuucchh  aass  fflluuoorriiddee,,  aarree  pprreesseenntt  iinn

tthhee  eennvviirroonnmmeenntt  nnaattuurraallllyy  aanndd  ddeerriivvee  pprriinncciippaallllyy

ffrroomm  wweeaatthheerriinngg  ooff  rroocckkss  aanndd  ssooiillss..  MMaannyy  

eelleemmeennttss  aarree  eesssseennttiiaall  ffoorr  aaqquuaattiicc  oorrggaanniissmmss..

HHoowweevveerr,,  hhiigghh  ccoonncceennttrraattiioonnss  ooff  ssoommee  

eelleemmeennttss  iinn  sseeddiimmeennttss  ccaann  bbee  ttooxxiicc  ttoo  aaqquuaattiicc

oorrggaanniissmmss  aanndd  mmaayy  iinnddiiccaattee  ccoonnttaammiinnaattiioonn

ffrroomm  ddoommeessttiicc  oorr  iinndduussttrriiaall  ssoouurrcceess..

OORRGGAANNIICC CCHHEEMMIICCAALLSS IINN SSEEDDIIMMEENNTTSS

CCoommmmoonnllyy  uusseedd  ppeessttiicciiddeess  ccaann  aaccccuummuullaattee  iinn

tthhee  sseeddiimmeennttss  ooff  aaqquuaattiicc  eennvviirroonnmmeennttss  aanndd

mmaayy  rreeaacchh  ccoonncceennttrraattiioonnss  ttooxxiicc  ttoo  aaqquuaattiicc  

oorrggaanniissmmss..

DDIISSEEAASSEE OORRGGAANNIISSMMSS

BBAACCTTEERRIIAA;;  FFEEAACCAALL CCOOLLIIFFOORRMM

DDiisseeaassee  ccaauussiinngg  mmiiccrroooorrggaanniissmmss  eenntteerr  mmaarriinnee

eeccoossyysstteemm  vviiaa  sseewwaaggee,,  aanniimmaall  ffaaeecceess  oorr  iinn

uurrbbaann  rruunnooffff..  HHuummaann  ppaatthhooggeennss  ccaann  eennddaannggeerr

ppeeooppllee  iinn  ddiirreecctt  ccoonnttaacctt  wwiitthh  tthhee  wwaatteerr  ((ee..gg..

sswwiimmmmeerrss))  oorr  tthhoossee  eeaattiinngg  ccoonnttaammiinnaatteedd  

ffiilltteerr--ffeeeeddeerrss,,  wwhhiicchh  ccaann  ccoonncceennttrraattee  bbaacctteerriiaa

aanndd  vviirruusseess..  IInnttrroodduucceedd  ppaatthhooggeennss  ccaann  aaffffeecctt

fflloorraa  aanndd  ffaauunnaa..

HHEEAAVVYY MMEETTAALLSS

CCOOPPPPEERR,,  LLEEAADD,,  ZZIINNCC,,  CCAALLCCIIUUMM,,  TTIINN,,  MMEERRCCUURRYY

HHeeaavvyy  mmeettaallss  ccaann  bbee  aaccuutteellyy  ttooxxiicc  ttoo  aaqquuaattiicc

oorrggaanniissmmss..  EEvveenn  wwhheenn  pprreesseenntt  iinn  ssuubb--lleetthhaall  

lleevveellss,,  hheeaavvyy  mmeettaallss  ccaann  hhaavvee  aa  nnuummbbeerr  ooff

ddeebbiilliittaattiinngg  eeffffeeccttss  tthhaatt  rreedduuccee  tthhee  hheeaalltthh  aanndd

ggrroowwtthh  ooff  aaqquuaattiicc  oorrggaanniissmmss..  HHeeaavvyy  mmeettaallss

tteenndd  ttoo  aaccccuummuullaattee  iinn  ffiisshh  aanndd  sshheellllffiisshh..  IIff  

ssuuffffiicciieennttllyy  hhiigghh,,  aaccccuummuullaatteedd  hheeaavvyy  mmeettaallss  iinn

ffiisshh  aanndd  sshheellllffiisshh  aarree  ooff  ppuubblliicc  hheeaalltthh  ccoonncceerrnn

aanndd  mmaayy  lleeaadd  ttoo  tthhee  cclloossuurree  ooff  ffiisshheerriieess..
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6.4.3 MONITORING 

RECOMMENDATIONS

The following monitoring recommendations

describe methods for measuring bottom impa-

cts from marine fish farms, and gives detailed

procedures for how environmental impacts from

individual fish farm sites shall be monitored.

The monitoring encompasses three types of

survey (A, B and C survey), which vary in the in-

tensity of the monitoring program and with the

life cycle of the farming operation. 

6.4.3.1 PRE-LICENSE (BASELINE) SURVEY

At all new sites, especially in zones not desig-

nated for marine aquaculture a fully quantita-

tive survey should be undertaken before the

introduction of stock to provide baseline data

with which future survey data will be compared

The main aims of such pre-license environmen-

tal survey are:

––  TTOO CCOONNDDUUCCTT AA BBAASSEELLIINNEE SSTTUUDDYY OOFF NNAATTUURRAALL

CCOONNDDIITTIIOONNSS IINN TTHHEE AARREEAA..  TTHHIISS AALLLLOOWWSS

CCOOMMPPAARRIISSOONN WWIITTHH FFUUTTUURREE DDEEVVEELLOOPPMMEENNTTSS AATT

TTHHEE SSIITTEE;;

––  TTOO AASSSSEESSSS LLOOCCAALL VVAARRIIAATTIIOONNSS IINN

TTOOPPOOGGRRAAPPHHYY AANNDD HHYYDDRROOGGRRAAPPHHYY;;

––  TTOO PPRREEDDIICCTT TTHHEE LLIIKKEELLYY IIMMPPAACCTT OOFF TTHHEE

PPRROOPPOOSSEEDD PPRROODDUUCCTTIIOONN PPRROOJJEECCTT;;

––  TTOO PPRROOVVIIDDEE IINNFFOORRMMAATTIIOONN OONN MMAANNAAGGEEMMEENNTT

PPRROOCCEEDDUURREESS..  

An environmental survey will include most of the

following aspects, depending on objectives and

local circumstances:

––  SSEEDDIIMMEENNTT AANNAALLYYSSEESS;;

––  SSEEMMII--QQUUAANNTTIITTAATTIIVVEE VVIISSUUAALL AANNDD SSEENNSSOORRYY

AANNAALLYYSSEESS;;

––  PPHHYYSSIICCAALL PPRROOPPEERRTTIIEESS ((TTEEMMPPEERRAATTUURREE,,  DDEEPPTTHH,,
SSEEDDIIMMEENNTT SSTTRRUUCCTTUURREE,,  EETTCC));;

––  CCHHEEMMIICCAALL PPRROOPPEERRTTIIEESS

((SSAALLIINNIITTYY,,  PPOOLLLLUUTTAANNTTSS,,  NNUUTTRRIIEENNTTSS,,  

CCHHLLOORROOPPHHYYLLLL AA,,  EETTCC))

––  BBIIOOLLOOGGIICCAALL PPRROOPPEERRTTIIEESS

((IINNCCLLUUDDIINNGG BBAACCTTEERRIIAALL QQUUAALLIITTYY));;

––  HHYYDDRROOGGRRAAPPHHYY

((CCUURRRREENNTTSS,,  WWAAVVEE HHEEIIGGHHTTSS,,  EETTCC));;

––  BBEENNTTHHIICC CCOOMMMMUUNNIITTIIEESS..

6.4.3.2 TIMING AND FREQUENCY

Baseline surveys should preferably be taken at

the time of the year when maximum biomass is

expected to occur or did occur. Once monitoring

is established, each survey should be timed to

the same season in order to allow for easy com-

parison of the survey data over time.  

6.4.3.3 APPLICATION TO VARIOUS

CONDITIONS

In view of the variability in geographical, envi-

ronmental and managerial circumstances, mo-

nitoring practices may have to be adapted to the

local conditions. Thus the level, number and

frequency of the surveys undertaken might vary

in response to economic or other factors. 

The regulators define the frequency of the

survey. Generally, annual monitoring of large

farms is recommended, whereas smaller farms

may be investigated less frequently or less inten-

sively. It is important, however, that any variations

should be with the agreement of the regulators

and that, once accepted, the methodologies are

strictly adhered to and that quality control is not

compromised in any way.

6.4.4 REGULAR MONITORING 

SURVEYS

6.4.4.1 GENERAL

All existing sites should be surveyed at the time of

peak biomass. At existing sites carrying a low

biomass (<100 tonnes) a descriptive survey is

recommended (TTYYPPEE AA). However should there be

any local sensitivity to for example conservation or
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heritage issues a higher level of survey might be

considered. It is also suggested that if several

farms are situated close to one another, they

should be considered as intermediate or high-level

biomass production.

At existing sites with intermediate biomass

levels (100-500 tonnes) a semi-quantitative sur-

vey is recommended (TTYYPPEE BB).

At existing sites with high levels of biomass

(>500 tonnes) a fully quantitative survey is rec-

ommended (TTYYPPEE CC).

6.4.4.2 DESCRIPTIVE SURVEY – TYPE A
A simple and cheap descriptive qualitative sur-

vey is suggested for sites where production lev-

els are less than 100 tonnes. 

This survey level should provide sufficient infor-

mation to warn of the development of adverse

conditions attributable to farm activities. In the

event of such developments the results from such

a survey would be a trigger for more extensive

quantitative surveys to be undertaken.

SSTTAATTIIOONN SSEELLEECCTTIIOONN

Two transects of stations, originating at the ca-

ges, should be established. Transect 1 should

take the direction of the residual current through

the site and Transect 2 should take the recipro-

cal direction. Three sampling stations should be

established along each transect at distances of

0, 25 and 50 m from the cages. In addition two

reference stations should be established at po-

ints between 500–1000 m from the cages. These

should have similar depths, sediment type and

exposure to those found at the farm site.

PPAARRAAMMEETTEERRSS

The following parameters should be measured

at each sampling station:

Water depth; degree of turbidity in bottom

water; degree of disturbance of surface

sediments; colour smell and appearance of

the sediments; presence or absence of

organic waste at surface; type of sediment

(clay-gravel); sediment texture and colour;

number of organisms, tubes and burrows

visible on surface; number of organisms,

tubes and burrows visible down sediment

column; presence or absence of indicator

fish species, with the list of fish species

seen at different seasons. 

AANNAALLYYSSIISS AANNDD RREEPPOORRTTIINNGG

Presentation of observations should be entered

onto a standardised form issued by regulating

authority. 

6.4.4.3 SEMI-QUANTITATIVE SURVEY /
RAPID ASSESSMENT TECHNIQUES - TYPE B
This type of survey is recommended for sites with

intermediate levels of production (100-500 t).

SSTTAATTIIOONN SSEELLEECCTTIIOONN

Same as for type A surveys.

PPAARRAAMMEETTEERRSS

In addition to parameters identified in Type A

survey, this survey should also include:

depth measured by echo sounder; 

sediment characteristics (sand, silt, clay

etc.); description of the sediment profile
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Table 12. Monitoring according to farm size

DDEESSCCRRIIPPTTIIVVEE

SSUURRVVEEYY

SSEEMMII--
QQUUAANNTTIITTAATTIIVVEE

QQUUAANNTTIITTAATTIIVVEE

SSUURRVVEEYY

PPUURRPPOOSSEE

MMoonniittoorriinngg

ooff  ssmmaallll

ffaarrmmss,,  

<<110000  tt

MMoonniittoorriinngg

ooff  mmeeddiiuumm--

ssiizzeedd  ffaarrmmss,,

110000--550000  tt

BBaasseelliinnee  aanndd

mmoonniittoorriinngg

ooff  llaarrggee

ffaarrmmss  >>550000  tt

SSEEDDIIMMEENNTT

CCOONNDDIITTIIOONN

CCoolloouurr,,

ssmmeellll,,  

BBeeggggiiaattooaa

GGrraaiinn  ssiizzee,,

TToottaall  OOrrggaanniicc

CCaarrbboonn

FFuullll  cchheemmiiccaall

aannaallyyssiiss

BBEENNTTHHIICC

FFAAUUNNAA

VViissuull  iinnddiiccaa--

ttoorr  ssppeecciieess

SSeemmii--

qquuaannttiittaattiivvee

aannaallyyssiiss

QQuuaannttiittaattiivvee

aannaallyyssiiss
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and thickness of surface layer, if visible;

colour; smell (eventual presence and 

severity of H2S is recorded); main groups

of large, easily visible animals present;

other particular characteristics, for 

example, presence of fish food pellets,

stones, dead shells, terrestrial material etc.;

sediment samples for semi quantitative

macrofaunal analysis, granulometry and

total organic carbon (TOC) analysis.

AANNAALLYYSSIISS AANNDD RREEPPOORRTTIINNGG

Biological and chemical samples should be

analysed in authorised laboratory. Full results of

survey and analysis should be entered onto a stan-

dardised form issued by regulating authority.

6.4.4.4 FULL QUANTITATIVE SURVEY –
TYPE C
A full quantitative survey is recommended for sites

with high levels of produced biomass (>500 t).

In this type of survey a comprehensive statistical

analysis is made of fully worked up biological

and chemical data from all samples collected. 

SSTTAATTIIOONN SSEELLEECCTTIIOONN

Same as for Type A and Type B survey.

PPAARRAAMMEETTEERRSS

In addition to parameters sampled in Type B

survey the following parameters should be

measured: 

grain size analysis of sediments in 

sediment column; redox potential profile

down sediment column; TOC in sediments;

abundance and number of species of

organisms in sediment samples; presence

or absence of indicator fish species; 

quantitative analysis of fish species.

AANNAALLYYSSIISS AANNDD RREEPPOORRTTIINNGG

Same as for Type B.

6.4.4.5 MONITORING FREQUENCY

Should the conditions under the fish farm be

unacceptable (Condition 4), an extended B-sur-

vey may be carried out to ensure a correct eval-

uation of the site. This primarily encompasses a

larger number of samples, but may also be

extended to include additional parameters such

as total organic carbon (TOC), medication (anti-

parasitic and antibiotic compounds), total nitro-

gen, phosphorous, zinc and copper.

Before a recipient is used for fish farming, a

C-survey should be carried out. This survey pro-

vides a documentation of the environmental con-

ditions which, when compared with subsequent

surveys, will reveal the extent to which the fish

farm affects the recipient. Follow-up surveys sho-

uld be carried out after establishment of the fish

farm as per Table 13. The monitoring frequency

for new recipients and for those already in use for

fish farming is determined by the relevant au-

thorities, based on the principle that monitor-

ing intensity increases proportional to impact.
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Table 13. Frequency of A-, B- and C-survey
depending on farm production size

FFAARRMM SSIIZZEE AA--SSUURRVVEEYY BB--SSUURRVVEEYY CC--SSUURRVVEEYY

00--110000  tt AAnnnnuuaallllyy

AAnnnnuuaallllyy,,  iiff

uunnaacccceeppttaabbllee

ccoonnddiittiioonnss

ffoouunndd  oouutt--

ssiiddee  AAZZEE

110000--550000  tt AAnnnnuuaallllyy

AAnnnnuuaallllyy,,  iiff

uunnaacccceeppttaabbllee

ccoonnddiittiioonnss

ffoouunndd  oouutt--

ssiiddee  AAZZEE

>>550000  tt AAnnnnuuaallllyy

AAnnnnuuaallllyy,,  iiff

uunnaacccceeppttaabbllee

ccoonnddiittiioonnss

ffoouunndd  oouutt--

ssiiddee  AAZZEE
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The monitoring programme is assessed regu-

larly and adjusted as necessary according to the

results obtained.

6.4.6 MAPS AND CHARTS

The following maps and charts should be made

available upon start-up of the monitoring pro-

gramme:

CCHHAARRTT ((11::5500  000000))  AANNDD TTOOPPOOLLOOGGIICCAALL CCHHAARRTT

SSHHOOWWIINNGG TTHHEE SSIITTEE AANNDD PPOOSSIITTIIOONN OOFF TTHHEE FFIISSHH FFAARRMM..  IINN
AADDDDIITTIIOONN,, AANN OORRIIGGIINNAALL HHYYDDRROOGGRRAAPPHHIICC MMAAPP SSHHOOUULLDD

BBEE MMAADDEE AAVVAAIILLAABBLLEE,,  CCOOVVEERRIINNGG TTHHEE SSIITTEE AANNDD

SSUURRRROOUUNNDDIINNGG AARREEAA;;

CCHHAARRTT ((11::55  000000))  SSHHOOWWIINNGG TTHHEE SSIITTEE AANNDD

PPOOSSIITTIIOONN OOFF TTHHEE FFIISSHH FFAARRMM;;

TTOOPPOOLLOOGGIICCAALL MMAAPP OOFF TTHHEE SSEEAA FFLLOOOORR..  TTHHEE MMAAPP

CCOOVVEERRSS TTHHEE SSIITTEE AANNDD AATT LLEEAASSTT 1100  MM OOFF TTHHEE

SSUURRRROOUUNNDDIINNGG SSEEAA FFLLOOOORR IINN AALLLL DDIIRREECCTTIIOONNSS

((LLOOCCAALL IIMMPPAACCTT ZZOONNEE))..  IIFF TTHHEE FFIISSHH FFAARRMM CCOOMMPPRRIISSEESS

DDIISSPPEERRSSEEDD CCAAGGEESS,,  TTHHEE EENNTTIIRREE AARREEAA CCOONNTTAAIINNIINNGG

CCAAGGEESS IISS CCOOVVEERREEDD;;

MMAAPP SSHHOOWWIINNGG TTHHEE FFOORRMM AANNDD DDIIMMEENNSSIIOONNSS OOFF TTHHEE

FFIISSHH FFAARRMM,,  CCOOMMPPRRIISSIINNGG NNUUMMBBEERR,,  LLEENNGGTTHH,,  BBRREEAADDTTHH

AANNDD DDIIAAMMEETTEERR OOFF TTHHEE CCAAGGEESS AANNDD DDIISSTTAANNCCEE

BBEETTWWEEEENN EEVVEENNTTUUAALL DDIISSPPEERRSSEEDD CCAAGGEESS..  DDEEPPTTHH

CCOONNTTOOUURRSS AARREE SSHHOOWWNN..

6.4.7 REPORTING

A report is compiled which contains all original

data and a concluding assessment. If results are

available from a comparable survey carried out

before the fish farm was established, these are

compared with the new results using multivari-

ate analyses. The report shall include all the

necessary information required in order to carry

out the survey in an identical manner at a later

time, such that trends may be assessed.

Table 14. Frequency of A- and B-survey at the
site (local impact zone) in relation to impacts at
the site (site conditions). 

MMOONNIITTOORRIINNGG LLEEVVEELL

SSIITTEE CCOONNDDIITTIIOONN AA--SSUURRVVEEYY BB--SSUURRVVEEYY

11--  GGoooodd eevveerryy  33  mmoonntthhss eevveerryy  22  yyeeaarrss

22  --  
AAcccceeppttaabbllee

eevveerryy  33  mmoonntthhss aannnnuuaallllyy

33  --  IInnccrreeaasseedd
DDiissttuurrbbaannccee mmoonntthhllyy eevveerryy  66  mmoonntthhss

44  --  
NNoott  AAcccceepptt--

aabbllee

eevveennttuuaall  eexxtteennddeedd

BB--ssuurrvveeyy

Table 15. Frequency of A-, B- and C-survey to be
undertaken depending on farm cycle

MMOONNIITTOORRIINNGG LLEEVVEELL

FFAARRMM LLIIFFEE

CCYYCCLLEE
AA--SSUURRVVEEYY BB--SSUURRVVEEYY CC--SSUURRVVEEYY

PPrree--ccoonnsseenntt  

ffoorr  lliicceennssee

IInn  aaddvvaannccee

ooff  ccoonnsseenntt

DDuurriinngg  

pprroodduuccttiioonn

AAss  ppeerr
ttaabbllee  1122
aanndd  1133

AAss  ppeerr
ttaabbllee  1122
aanndd  1133

AAss  ppeerr
ttaabbllee  1122
aanndd  1133

IInnccrreeaassiinngg  

pprroodduuccttiioonn

IIff  uunnddeerr
110000
ttoonnnneess

IIff  oovveerr  110000

ttoonnnneess

CClloossee  ddoowwnn  

ooff  ffaarrmm

IIff  uunnddeerr
110000
ttoonnnneess

IIff  oovveerr  110000

ttoonnnneess
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CHAPTER 7:

PLANNING OF

MARINE 

AQUACULTURE

AND INTEGRATION

WITH OTHER

INTERESTS 

Finding suitable sites for aquaculture in the

marine and coastal environment is one of

the most critical challenges facing this industry.

The point is to integrate and merge all the con-

cerns, issues and processes presented in the

preceding chapters into a coastal plan to accom-

modate most of it, but nevertheless give special

focus to marine aquaculture. In this chapter a pro-

cedure for such integration is suggested.

7.1. NATIONAL PLANNING AND

DEVELOPMENT POLICY

The planning procedure should be in line

with the National Strategy for Physical Plan-

ning and other strategic determinants. Clear struc-

ture is called for, including appointments of exe-

cutive authorities, governmental agencies and ex-

perts at all levels, and establishment of funding

possibilities. 

Planning agencies and responsible adminis-

trative bodies at all levels should have defined

terms of responsibilities and capacities. These

planning prerequisites are at national level, and

are not industry-specific. Adequate bodies and

guiding principles should be set up at national

and County levels, responsible for both planning,
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BBOOXX 99::  OOVVEERRVVIIEEWW LLIISSTT OOFF EENNVVIIRROONNMMEENNTTAALL

IINNDDIICCAATTOORRSS TTHHAATT SSHHOOUULLDD BBEE CCOONNSSIIDDEERREEDD

BBUUTT AARREE NNOOTT LLIIMMIITTEEDD FFOORR AAQQUUAACCUULLTTUURREE

PPLLAANNNNIINNGG,,  ZZOONNIINNGG AANNDD SSIITTEE SSUUIITTAABBIILLIITTYY

SSEELLEECCTTIIOONN

––  SSppeecciieess  ttyyppeess

––  SSaalliinniittyy

––  EExxppoossuurree

––  DDeepptthh  ((bbaatthhyymmeettrryy))

––  CCuurrrreennttss  ((vveelloocciittyy,,  ddiirreeccttiioonn,,  ssuurrffaaccee,,

ttiiddeess  aanndd  wwaatteerr  ccoolluummnn  mmoovveemmeennttss))

––  WWiinndd  ((ffeettcchh,,  ssppeeeedd  aanndd  ddiirreeccttiioonn))

––  CCooaassttaall  ttooppooggrraapphhyy  ((ssllooppee,,  ggeeoollooggyy,,

ppeeddoollooggyy))

––  SSuubbssttrraattee  ((bbeenntthhiicc  ttyyppee  aanndd  qquuaalliittyy))

––  SSuussppeennddeedd  mmaatttteerr

––  TTrroopphhiicc  ssttaattuuss

––  WWaatteerr  qquuaalliittyy  ((%%  ooxxyyggeenn,,  tteemmpp,,  

ssaalliinniittyy,,  ccoolliiffoorrmmss,,  hheeaavvyy  mmeettaallss,,  nniittrraattee,,  

pphhoosspphhaattee,,  cchhlloorroopphhyyllll,,  eettcc..))

––  LLaanndd  uussee//llaanndd  ccoovveerr

––  FFoouulliinngg

––  PPrreeddaattoorrss  ((ee..gg..  bbiirrddss,,  ootthheerr  mmaarriinnee

ssppeecciieess,,  eettcc))  

––  TThhrreeaatteenneedd  aanndd  eennddaannggeerreedd  ssppeecciieess,,

hhaabbiittaattss  ((ee..gg..  SSAAVV)),,  mmiiggrraattoorryy  ppaatthhwwaayyss

––  PPrrootteecctteedd  aarreeaass

––  BBuuffffeerr  zzoonnee  ffoorr  aaqquuaaccuullttuurree  ssiitteess

((rreellaatteedd  ttoo  ppoolllluuttiioonn,,  pprrootteecctteedd  ssppeecciieess,,

uussee  ccoonnfflliiccttss,,  eettcc))

––  AAcccceessssiibbiilliittyy  aanndd  iinnffrraassttrruuccttuurree  ((rreellaatteedd

ttoo  ttrraannssppoorrttaattiioonn,,  rrooaaddss,,  eettcc))

––  SSiittee  ccaarrrryyiinngg  ccaappaacciittyy  oorr  eennvviirroonnmmeennttaall

ccaappaacciittyy

––  FFiinnffiisshh  ffeeeedd  qquuaalliittyy  aanndd  qquuaannttiittyy  ((ee..gg..

ssttrriicctt  rreegguullaattiioonn  ooff  GGMMOOss))
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integration, implementation and evaluation pro-

cesses. This part of the suggested procedure will

require additional financial and human resour-

ces, if compared to the present situation in Re-

public of Croatia, but is deemed necessary if the

sustainable development and integrated man-

agement of coastal zones is to be achieved.

It is recommended that the planning process

for marine aquaculture should start with a pol-

icy statement, having as long-term goals sus-

tainable development of the industry respect-

ing all environmental constrains and other

social and economical elements. Policy state-

ment should identify the priorities, assign the

responsibilities, and state the objectives and the

time-frame. This policy statement should be

brought by the Counties, and in line with the

development strategies at the national level.

The County Assemblies could at this point

also identify its implementing agency with the

task of integrated planning. The list of author-

ized bodies or implementing agencies should

be determined at the national level.

7.2. ASSESSMENT OF MAIN

CONDITIONS

Having the administrative fundament in pla-

ce the main objective for the next step is to

map environmental indicators required for poten-

tial aquaculture areas. 

Aquaculture has requirements for space on wa-

ter and land. Determination of suitability involves

an evaluation of limitations of a certain area in

order to decide if the locality can support the

activity. The initial phase of a suitability evalua-

tion includes classification of current environ-

mental conditions, identification of existing and

possible future constraints, and assessment of

compatibilities and incompatibilities between

resources and human activities.

The most important step when starting the

planning and zoning procedure at the County

level is to identify the main environmental condi-

tions and existing spatial limitations. Setting up

such database should be done in a way to en-

able the usage of a GIS system and GIS tools (i.e.

all data should be geographically-coded). This step

will include collecting data on the natural envi-

ronment, supporting infrastructure, existing and

planned usage and other considerations of rel-

evance. 

Developed aquaculture protocols are a prere-

quisite in the process of selecting environmen-

tally suitable aquaculture areas. This initial data-

base in most cases already exists in Physical Plan-

ning Offices at the level of the County and is still

not industry-specific. All data to be gathered at

this stage are generally classified as planning data.

These should be strengthened with the more de-

tailed data on the marine environment. In this

aspect, bathymetry is crucial, followed with data

on temperature, salinity, currents regime and se-

diments. Data on sediments should be as precise

as possible since this factor has a strong integration

value (indicates the currents regime as well).
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BBOOXX 1100::  SSUUGGGGEESSTTEEDD DDAATTAABBAASSEE

RREEQQUUIIRREEMMEENNTTSS ((FFRROOMM::  PPAAPP//RRAACC,,  11999966))

NNAATTUURRAALL EENNVVIIRROONNMMEENNTT::

--  ccuullttiivvaatteedd  aarreeaa

--  ffoorreesstt  aarreeaa

--  ttooppooggrraapphhyy

--  hhyyddrroollooggyy  ((ttiiddeess,,  wwaavveess))

--  cclliimmaattee  ((wwiinnddss,,  tteemmppeerraattuurree))

--  sseennssiittiivvee  oorr  pprrootteecctteedd  aarreeaass

EEXXIISSTTIINNGG UUSSEERRSS

--  llaanndd  uusseerrss

--  sseeaa  uusseerrss

--  ddeemmooggrraapphhiicc  ddaattaa

--  iinnffrraassttrruuccttuurree

--  aaccttiivviittiieess  aanndd  eeccoonnoommyy

--  ssoocciiaall  ssttrruuccttuurree
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Data must be checked for quality, and gaps

should be identified.

The results of this phase are supposed to be the

definition of different management zones with-

in the County and the completion of the database

by inclusion of a better set of environmental data.

7.3. ELIMINATION PROCESS 

Once the database is set, and has the main

layers, the next step is to eliminate obvious

unsuitable areas. The following set is suggested

as a basic eliminating criteria list for marine aqua-

culture:

PPOOLLLLUUTTIIOONN

--  AARREEAASS CCLLOOSSEE TTOO PPOORRTTSS,,  UURRBBAANN

SSEETTTTLLEEMMEENNTTSS,,  PPOOIINNTT SSOOUURRCCEESS OOFF PPOOLLLLUUTTIIOONN,,
HHAARRBBOOUURRSS,,  MMAARRIINNAASS SSHHOOUULLDD BBEE LLEEFFTT OOUUTT..

--  MMIINNIIMMUUMM DDIISSTTAANNCCEE FFRROOMM SSOOUURRCCEESS OOFF

PPOOLLLLUUTTIIOONN AARREE DDIIFFFFIICCUULLTT TTOO SSEETT,,  AANNDD SSHHOOUULLDD

BBEE FFIINNAALLLLYY DDEETTEERRMMIINNEEDD BBYY EEIIAA  FFOORR

IINNDDIIVVIIDDUUAALL SSIITTEE..

--  CCLLOOSSEEDD BBAAYYSS OORR AARREEAASS OOFF HHEEAAVVYY UURRBBAANNIIZZAA--
TTIIOONN SSHHOOUULLDD BBEE AAVVOOIIDDEEDD AASS WWEELLLL AASS AARREEAASS IINN

TTHHEE VVIICCIINNIITTYY OOFF OOIILL PPUUMMPPSS OORR RRIIGGSS..  

--  WWHHEETTHHEERR AAQQUUAACCUULLTTUURREE SSHHOOUULLDD BBEE CCLLOOSSEE

TTOO TTHHEERRMMAALL SSOOUURRCCEESS ((SSAAYY FFRROOMM AA PPOOWWEERR

PPLLAANNTT))  IISS SSTTIILLLL AANN IISSSSUUEE,,  BBUUTT TTHHIISS IISS NNOOTT CCOONN--
SSIIDDEERREEDD TTOO BBEE AANN EELLIIMMIINNAATTIINNGG CCRRIITTEERRIIAA..

SSHHEELLLLFFIISSHH DDEETTEERRMMIINNIINNGG HHYYGGIIEENNIICC CCRRIITTEERRIIAA

--  TTHHEESSEE AARREE SSEETT BBYY RREELLEEVVAANNTT RREEGGUULLAATTIIOONNSS,,  SSOO

MMEEAASSUURREEMMEENNTTSS OOFF BBAACCTTEERRIIOOLLOOGGYY IISS AA MMUUSSTT IIFF

SSHHEELLLLFFIISSHH FFAARRMMSS AARREE IINN TTHHEE AARREEAA..

EEUUTTRROOPPHHIICC AARREEAASS

--  TTHHEESSEE SSHHOOUULLDD BBEE AAVVOOIIDDEEDD AASS WWEELLLL AASS AALLGGAALL

BBLLOOOOMMSS MMAAYY BBEE TTOOXXIICC OORR HHAARRMMFFUULL ..

SSHHIIPPPPIINNGG AACCTTIIVVIITTIIEESS

--  KKEEEEPP AAWWAAYY FFRROOMM UUNNDDEERRWWAATTEERR CCAABBLLEESS,,  SSEEAA

RROOUUTTEESS,,  CCOOMMMMOONN SSAAIILLIINNGG RROOUUTTEESS AANNDD

SSIIMMIILLAARR AARREEAASS..

PPRROOTTEECCTTEEDD AARREEAASS

--  AACCCCOORRDDIINNGG TTOO NNAATTIIOONNAALL LLEEGGIISSLLAATTIIOONN,,  IITT IISS

NNOOTT AALLLLOOWWEEDD TTOO PPLLAACCEE TTHHEE FFAARRMMSS IINN

PPRROOTTEECCTTEEDD AARREEAASS..

MMIILLIITTAARRYY ZZOONNEESS AANNDD OOTTHHEERR RREESSTTRRIICCTTEEDD AARREEAASS

--  TTHHEESSEE AARREE AALLSSOO CCLLOOSSEEDD FFOORR AANNYY OOTTHHEERR

AACCTTIIVVIITTYY,,  SSOO MMUUSSTT BBEE AAVVOOIIDDEEDD..

EEXXPPOOSSEEDD AARREEAASS

--  TTOOOO RROOUUGGHH WWAAVVEE EEXXPPOOSSUURREESS CCOOUULLDD

DDAAMMAAGGEE TTHHEE IINNSSTTAALLAATTIIOONNSS..

Once the eliminating criteria are applied, the

remaining marine areas are all at least in theory

possible zones for aquaculture. More extensive

data gathering activities should by applying this

suggested rocedure be limited only to areas where

aquaculture is possible.

As mentioned, using integrated GIS analysis and

modelling provides managers with a tool for

recording and viewing environmental data over

space and time. This includes spatial analysis that

is useful in overlaying possible zoning schemes

onto current land use and land cover. 

7.4. POTENTIALLY 

SUITABLE 

Allocating zones and areas for aquaculture

should be assessed based on the suitability

criteria. However, prior to the initiation of a zon-

ing procedure, the coastal area should be parti-

tioned into logical areas. These could be geo-

graphically, socially, culturally, economically or

politically determined. Although it has been

shown in many studies that geographical and

biophysical units would present the best solu-

tion for integrated planning procedures, in the

present situation in Republic of Croatia it is sug-

gested that the initial partitioning is done accord-
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ing to the present division at County levels. This

would, in the initial procedure in Republic of Croa-

tia, give 7 zoning regions.

While zoning one should be careful to apply

criteria, which are species and technology specific..

Additional data will be required at this phase. The
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Table 18. List of parameters for shellfish
farming (by A. Frankic as presented in
Frankic, Guidelines for sustainable aquacul-
ture development, CZMP project contribu-
tion, following Spencer)

SSUUSSTTAAIINNAABBIILLIITTYY

IINNDDIICCAATTOORR
GGEENNEERRAALL OOYYSSTTEERRSS MMUUSSSSEELLSS

HHAARRDD

CCLLAAMMSS

ppHH 66,,00--88,,55 66,,7755 77,,00--88,,55 66,,7755--88,,7755

TTeemmpp  ((00CC)) 1188--2288 1155--2255 2211--3311

SSaalliinniittyy  ((%%00)) 2200--3355 2255--3355 2200--3355 1188--2200

SSuussppeennddeedd

sseeddiimmeenntt

((mmgg//ll))

<<1100 1100--2200

DDiissssoollvveedd  

ooxxyyggeenn  ((ppppmm))
>>55 >>33,,6644

CChhlloorroopphhyyllll

((mmgg//ll))
22--88 44--88

BBaatthhyymmeettrryy

((mm))
>>11 >>22

BBoottttoomm  ((hhaabbii--

ttaatt))  ttyyppee

ssoolliidd,,

ffiirrmm  

ssuubbssttrraattee

ssoolliidd

ssuubbssttrraattee

ssoofftteerr  

sseeddiimmeenntt,,  

ssaanndd,,

mmuudd

EExxppoossuurree

((ccmm//ss))

sshheelltteerreedd

aarreeaass  wwiitthh

ttiiddaall  ffllooww

5500--110000 2200--5500

AAcccceessiibbiilliittyy

((nneeaarreesstt  bbooaatt

oorr  rrooaadd))

550000--55000000

mmeetteerrss

FFeeccaall  

ccoolliiffoorrmmss

((CCffuu//110000  mmll))

1144

NNiittrraattee

mmgg//ll
00,,88

PPhhoosspphhaattee

mmgg//ll
00,,0088

DDiissssoollvveedd

ooxxyyggeenn  ((ppppmm))
>>55

HHeeaavvyy  mmeettaallss

((mmgg//kkgg  fflleesshh))

mmeerrccuurryy

00,,55;;  

ccaaddmmiiuumm

22;;  lleeaadd  22

Table 16. List of suitable criteria for semi-
offshore and in-shore finfish farming (sea
bass, sea bream)

FFAACCTTOORR GGOOOODD MMEEDDIIUUMM PPOOOORR

EExxppoossuurree PPaarrttiiaallllyy SShheelltteerreedd EExxppoosseedd

WWaavveess 11--33mm 11mm >>33mm

DDeepptthh >>3300mm 3300--1155mm >>1155mm

DDyynnaammiissmm  --  

FFlluusshhiinngg
HHiigghh MMeeddiiuumm LLooww

WWaatteerr  QQuuaalliittyy  --  

PPoolllluuttiioonn
LLooww MMeeddiiuumm HHiigghh

TTeemmppeerraattuurree  ((ooCC))

MMaaxx 2222oo--2244oo 2244oo--2277oo >>2277oo

MMiinn 1122oo 1100oo <<88oo

SSaalliinniittyy  ((oo//oooo))

AAvveerraaggee 2255--3355 1155--2255 <<1155

FFlluuccttuuaattiioonn <<55 55--1100 >>1100

DDiissssoollvveedd  

OOxxyyggeenn  ((%%))
110000 7700--110000 <<7700

TTooppooggrraapphhyy
((ssllooppee)) >>3300 1100--3300 <<1100

SSuubbssttrraattee
SSaanndd  oorr

ggrraavveell

MMiixxeedd  

rroocckk
MMuudd

TTrroopphhiicc  ssttaattuuss OOlliiggoottrroopphhiicc MMeessoottrroopphhiicc EEuuttrroopphhiicc

FFoouulliinngg LLooww MMooddeerraattee HHiigghh

PPrreeddaattoorrss NNoo SSoommee AAbbuunnddaanntt

Table 17. List of suitable criteria for 
offshore tuna farming

FFAACCTTOORR GGOOOODD PPOOOORR

EExxppoossuurree  ttoo  ooppeenn

sseeaa

eexxppoosseedd//ppaarrttiiaallllyy

eexxppoosseedd
bbaayyss//gguullffss

DDeepptthh >>5500mm <<5500mm

CCuurrrreennttss >>1100ccmmss--11 <<1100ccmmss--11

PPoolllluuttiioonn 11 >>11

SSaalliinniittyy  ((%%oo)) 3366--3399 <<3366  ii  >>3399

DDiissssoollvveedd  ooxxyyggeenn

((%%))
>>9900 <<9900

TTrroopphhiicc  

ssttaattuuss
oolliiggoottrroopphhiicc eeuuttrroopphhiicc

PPhhyyttoobbeenntthhooss

((PPoossssiiddoonniiaa bbeeddss))

nnoo  PPoossssiiddoonniiaa  oorr

oonn  ssaaffee  ddssttaannccee

ddeetteerrmmiinneedd  bbyy  EEIIAA

PPoossssiiddoonniiaa  iinn

tthhee  vviicciinniittyy  ooff

tthhee  llooccaattiioonn
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best strategy is to follow aquaculture protocols

(suitability criteria) defined for each species and

each technology. Suitability criteria will give

good guideline as to which variables are need-

ed to evaluate the industry. This approach will

allow integration of GIS coverage (data layers) for

e.g. temperature, salinity, bathymetry, exposure

(also considering wind effects in bays), water qua-

lity data, circulation pattern, slope, substrate types,

accessibility, available infrastructure, etc.

Based on available environmental suitability

indicators, identified aquaculture areas can be

ranked as desirable, desirable with limitations and

undesirable; or just as good, medium and poor.

For finfish tables 16 and 17 apply. For shellfish

examples of criteria are given in table 18 and 19.

Similar criteria should be developed for all

other competing activities. There is also the issue

of the importance of any given criteria for selec-

tion of a site or a zone for aquaculture. Differ-

ent studies have shown that this question may

not be easily answered and should be considered

on case-by-case basis. It is suggested that the

main parameters and criteria (depth, exposure,

wave height, currents, flushing, temperature) are

ranked on a scale from 1 to 3. The net sum will aid

in selection of a “better” zone or site. However,

this may only be used as an aiding principle in pla-

nning and zoning. An example is given on the

CD (available on request from MAFWM) by gra-

ding the impact of individual parameter in plan-

ning. Modifying the “weight” of individual para-

meter shall give less or more restrictive results.

Having in mind all the environmental require-

ments, as well as the benefit of the farmer and

the best conditions for the farmed animals, it is

suggested that, when zoning and siting the farms

possible distances between different types of

activities are considered as well. Suggested distan-

ces are given in Box 11.

7.5. INTEGRATION, 

CONFLICT ANALYSIS AND 

EVALUATION

After selecting suitable areas based on envi-

ronmental indicators, scoped and revealed

all other interests, the next step is to integrate

the requirements for all the activities. Integration

is directly linked with planning, as it is the decision-

makers that, based on inputs from criteria, EIA, mo-

nitoring, and a socio-economic assessment will cho-

ose between different options and scenarios. The

use of conflict analysis will facilitate this process.
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Table 19. Water quality for shellfish farming
(by A. Frankic as presented in Frankic,
Guidelines for sustainable aquaculture 
development, CZMP project contribution, 
following Spencer)

SSHHEELLLLFFIISSHH FFRROOMM

CCOOAASSTTAALL AARREEAA
AALLLLOOWWEEDD

FFKK//110000  MMLL
RREEAARRIINNGG WWIILLDD

AA  --  hheeaalltthhyy <<330000
aalllloowweedd  ffoorr

ddiirreecctt  ssaalleess

aalllloowweedd  ffoorr

ddiirreecctt  ssaalleess

BB  --  uunnhheeaalltthhyy 330000--66000000

aalllloowweedd  ffoorr

ssaalleess  aafftteerr

ppuurriiffiiccaattiioonn  oorr

ttrraannssffeerr  ttoo

zzoonnee  AA

aalllloowweedd  ffoorr

ssaalleess  aafftteerr

ppuurriiffiiccaattiioonn  oorr

ttrraannssffeerr  ttoo

zzoonnee  AA

CC  --  ccoonnddiittiioonnaall 66000000--6600000000

ffoorrbbiiddddeenn,,

eexxcceepptt  uunnddeerr

ssppeecciiaall  ccaasseess

aalllloowweedd  ffoorr

ssaalleess  aafftteerr

ppuurriiffiiccaattiioonn  oorr

ttrraannssffeerr  ttoo

zzoonnee  AA

ffoorrbbiiddddeenn >>6600000000
uunnccoonnddiittiioonnaall

pprroohhiibbiittiioonn

uunnccoonnddiittiioonnaall

pprroohhiibbiittiioonn
BBOOXX 1111..  SSUUGGGGEESSTTEEDD DDIISSTTAANNCCEESS BBEETTWWEEEENN

MMAARRIINNEE AAQQUUAACCUULLTTUURREE AACCTTIIVVIITTIIEESS

BBEETTWWEEEENN TTWWOO FFAARRMMSS 22  KKMM

BBEETTWWEEEENN FFIISSHH AANNDD SSHHEELLLLFFIISSHH FFAARRMM 22  KKMM

BBEETTWWEEEENN TTWWOO SSHHEELLLLFFIISSHH FFAARRMMSS 00,,55--11  KKMM

FFIISSHH FFAARRMM AANNDD SSEETTTTLLEEMMEENNTT 33  KKMM

SSHHEELLLLFFIISSHH FFAARRMM AANNDD TTOOUURRIISSTT AARREEAA 11  KKMM

SSHHEELLLLFFIISSHH FFAARRMM AANNDD SSEETTTTLLEEMMEENNTT 00,,55--11  KKMM

FFIISSHH FFAARRMM AANNDD BBIIRRDD CCOOLLOONNYY 00,,55  KKMM

SSHHEELLLLFFIISSHH FFAARRMM AANNDD BBIIRRDD CCOOLLOONNYY 00,,55  KKMM
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CONFLICT ANALYSIS:
In this process all the existing and potential uses

have to be identified and mapped. The purpose

of this analysis is to identify areas that, although

suitable for aquaculture on the basis of environ-

mental conditions, may be less desirable because

incompatible uses (tourism, recreation, fishing,

boating, navigation etc.) that may be present or

planned. GIS algorithms have to be developed

in order to analyze and model criteria, and cre-

ate indices of suitability related to aquaculture si-

ting. For a suggestion and illustration of a pos-

sible usage of GIS in integrating marine aqua-

culture in County physical planning and zoning

procedures, refer to CD material. The use of su-

itability and conflict analyses will support the in-

terdisciplinary aspects of ICZM planning and de-

cision making processes. The easiest possible way

of conducting this analysis is to apply some check-

box characteristics of possibilities of integration

of several activities. Example of a conflict matrix

is given in Table 21.

The decision to allocate various activities to spe-

cific areas is left to the County Assembly. This of

course should be subject to the public hearing.

Management choices will be required when cer-

tain activities can appear in the same locations

based on suitability analysis of the area (e.g. aqua-

culture and tourist beach area, or marina). In these

instances, choice has to be based on environment-

al requirements for the activity and the activity’s

interaction with the environmental resources (im-

pact assessment, EIA). 

Involving the community in the planning and

decision-making process is an important step to-

ward acceptability and success of the coastal ma-

nagement project. In Chapter 4 suggestions for

adequate procedures are given for the stake-

holders to be involved and to participate in the pro-

cess. In this process the element of high environ-

mental suitability and low impact on the respec-

tive land/water system will be of high relevance. 

ZONES FOR DIFFERENT ACTIVITIES:
It is suggested that the zones for aquaculture be

categorized as exclusive for marine aquacul-

ture, primarily for marine aquaculture, zones of

equal importance and zones where aquaculture

is subdued to other activities. The zones reserved

exclusively for aquaculture would be planned

for aquaculture development and should be
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Table 20. Example of management issues,
options and outcomes in aquaculture 
suitability siting

AAQQUUAACCUULLTTUURREE SSUUIITTAABBIILLIITTYY SSIITTIINNGG

AADDJJAACCEENNTT

CCOOAASSTTAALL

AACCTTIIVVIITTYY

MMaannaaggeemmeenntt

iissssuuee

MMaannaaggeemmeenntt

ooppttiioonnss

OOuuttccoommeess

TTEERRRREESSTTRRIIAALL

RREESSIIDDEENNTTIIAALL

WWaatteerr  qquuaalliittyy

((uurrbbaann  rruunnooffff,,

wwaasstteewwaatteerr

rruunnooffff));;  

SSoocciioo--

eeccoonnoommiicc  iissssuuee

--  aaeesstthheettiiccss,,

ssmmeellll

ZZoonniinngg  aanndd

bbuuffffeerrss::

--  eexxcclluussiivvee  uussee

zzoonneess

--  zzoonniinngg  wwiitthh

mmuullttiillee  uusseess

SSuuiittaabbllee  iiff

bbuuffffeerrss

eexxiisstt;;

SSoocciioo--

eeccoonnoommiicc

ccoosstt  bbeenneeffiitt

aannaallyyssiiss  

AAGGRRIICCUULLTTUURREE

CCOOMMMMOONNDDIITTYY

WWaatteerr  qquuaalliittyy

((aaffeeiiccuullttuurree

rruunnooffff,,  

ppeessttiicciiddeess,,

nnuuttrriieenntt,,

eerroossiioonn,,

sseeddiimmeennttaattiioonn))

EEnnvviirroonn--

mmeennttaall  aanndd

ssoocciioo--

eeccoonnoommiicc

aasssseessssmmeenntt

IINNDDUUSSTTRRYY WWaatteerr  qquuaalliittyy

((wwaasstteewwaatteerr

ddiisscchhaarrggeess,,

ccoonnttaammiinnaattiioonn))

ZZoonniinngg,,

bbuuffffeerrss,,  

pprriioorriittyy  uusseerr

SSuuiittaabbllee

oouuttssiiddee

bbuuffffeerr,,  bbuutt

ddeeppeennddiinngg

oonn  wwaatteerr

qquuaalliittyy

MMAARRIINNAA WWaatteerr  qquuaalliittyy

((wwaasstteewwaatteerr

ddiisscchhaarrggeess))

BBuuffffeerr,,  

zzoonniinngg

ssuuiittaabbll  

oouuttssiiddee

bbuuffffeerr

PPIIEERRSS RReeccrreeaattiioonnaall

ffiisshhiinngg  aanndd

bbooaattiinngg;;  wwaatteerr

qquuaalliittyy

BBuuffffeerr?? ssuuiittaabbllee

oouuttssiiddee

bbuuffffeerr

BBEEAACCHHEESS

((PPUUBBLLIICC))  

AANNDD BBAARREE

AARREEAASS AASS

PPOOTTEENNTTIIAALLSS

WWaatteerr  qquuaalliittyy

((ppaatthhooggeenn  ccoonn--

ttaammiinnaattiioonn))

BBuuffffeerr,,  zzoonniinngg

aanndd  EEIIAA

SSuuiittaabbllee  oorr

ooppttiimmaall

wwiitthh  

aaddeeqquuaattee

ffaacciilliittiieess

aanndd  wwaatteerr

qquuaalliittyy
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protected by legislation. Zones primary for aqua-

culture should be those where this activity has

priority over others. Zones of equal importance

allow for all activities equally, and the last type

says that aquaculture has to wait until other

needs are met. In all zones where possibilities for

development of marine aquaculture are deter-

mined and entered into the plans, further mech-

anisms of promotion of marine aquaculture

should be applied. These would include training

for management practices, monitoring, strength-

ening of the regulation etc.

Criteria for zoning of different activities (mari-

nas, tourism) have been developed (see Frankic

2003) as a checklist of possible requirements.

These are not exhaustive, but should help decision-

makers as  guides. Using each particular set of

requirements would provide good zoning for

individual activity, but the integration process

would require additional parameters. 

When assessing the possibilities of integration

of different activities, Table 21 may serve as a

simple checklist of positive and negative effects

of different activities on each other. 

It is suggested that baseline surveys or zero-state

surveys are conducted by Counties in the zones,

which are selected exclusively for marine aqua-

culture and for zones where aquaculture has pri-

ority. The agencies or institutions authorized by

the State and hired or employed by the Coun-

ties should make the initial measurements on

(suggested list):

DDEEPPTTHH

TTEEMMPPEERRAATTUURREE

SSAALLIINNIITTYY

CCUURRRREENNTTSS

WWAAVVEE HHEEIIGGHHTT

BBAACCTTEERRIIAALL QQUUAALLIITTYY

CCHHLLOORROOPPHHYYLLLL AA

SSEEDDIIMMEENNTT SSTTRRUUCCTTUURREE

BBEENNTTHHIICC CCOOMMMMUUNNIITTIIEESS

If this is done by Counties in those areas, the EIA

procedure will be facilitated and the process of

license obtaining will be more streamlined. Then

the County will have good insight into the situ-

ation of the environment prior to introducing a

new activity.

The full scale EIA should be made for aquacul-

ture sites in other zones, although all counties

would benefit from a general baseline study in dif-

ferent zones of their interest. It needs not only

be for marine aquaculture, but for other activi-

ties as well.

IMPACTS FROM AQUACULTURE:

It is well known that aquaculture may have im-

pacts on the environment and the activities sur-

rounding it. 

The issue of food supply is rising, as the world

capture fisheries are declining. To be truly sus-

tainable aquaculture has to find more environ-

mentaly sound ways to feed its animals. Having

solved that problem aquaculture will relieve the

heavy tolls on the fisheries and at the same time

be able to supply the humans with valuable fish

protein. Aquaculture may have negative impact

to tourism as well, through degradation of

environment, bad smell or ruining the scenery.

On the other hand aquaculture may also posi-

tively interact with tourism through supply of

high-quality seafood, providing of seasonal

employment, opening opportunities for eco-

tourism and increasing of the offer. 

In addition, a well-operated local fish farm may

provide a good destination for organized tours

and visits, thus enriching the tourist offer. Distan-

ces between tourist facilities and beaches may

be determined based on EIA or possible nation-

al regulations, which would prevent visual dete-

rioration of a tourist area, but these two activi-

ties could never-the-less be well integrated if

planned and managed well. 
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7.6. MONITORING AND 

IMPLEMENTATION

Having undertaken the previous steps,tThe

County would then be able to set up monitor-

ing measures, and would be able to continu-

ously gather and compare the data. The models,

which should be applied, should be developed,

and commonly agreed, thus setting some stan-

dard options.

IMPLEMENTATION: 
It is suggested that a body is formed on a County

level, whose task would be to implement and

follow up the implementation of the plans in full.

This body would comprise of different experts

and officials, and would facilitate the full imple-

mentation of the plan. The final idea is that the

body may then suggest changes, mitigation me-

asures and management options – meaning stop-

ping further concession issuing or requiring ad-

ditional studies or other. 

SITING – EIA:
Issues of individual site locations should be easier

once an overall study has been done. However,

this doesn’t mean it’s going to be less strict. EIA

should still be done, but for zones of particular

interest it will contain mainly the prediction of

impact and mitigation measures. In zones where

marine aquaculture is not a priority, EIA should

be more encompassing and more elaborate. How-

ever, even there the baseline study should be done

at some point. Hence it is suggested that the EIA

for the sites in zones where marine aquaculture is

not a priority consist of baseline study which should

be well-defined in scope and requirements.
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Table 21. Relation between aquaculture and other users of coastal areas

AACCTTIIVVIITTYY
IINNDDUUSSTTRRYY AANNDD

HHAARRBBOOUURR
UURRBBAANNIIZZAATTIIOONN

TTOOUURRIISSMM AANNDD

RREECCRREEAATTIIOONN

IINNTTEENNSSIIVVEE

AAGGRRIICCUULLTTUURREE

EEXXTTEENNSSIIVVEE

AAGGRRIICCUULLTTUURREE
FFIISSHHEERRIIEESS

SSPPAATTIIAALL

RREESSOOUURRCCEESS

--  llaanndd  rreeccllaaiimmiinngg  ((--))

--  sshhiippppiinngg  ttrraaffffiicc  ((--))

--  mmiilliittaarryy  zzoonneess  ((--))

--  ddrreeddggiinngg  ((--))

--  llaanndd  uussee

--  llaanndd  rreeccllaaiimmiinngg  ((--))

--  llaanndd  

rreeccllaaiimmiinngg  ((--))

--  hhaarrbboouurrss  ((--))

--  ssaaiilliinngg,,  

bbaatthhiinngg  ((--))

--  ffiisshhiinngg  ((--))

--  hhiissttoorriiccaall  ssiitteess  ((--))

--  ccooaassttaall  llaanndd  ((--)) --  ccooaassttaall  llaanndd  ((--))

--  ssppaawwnniinngg  

aarreeaass  ((--))

--  nnuurrsseerriieess  ((--))

--  aarrttiiffiicciiaall  rreeeeffss  ((--))

--  ffiisshhiinngg  zzoonneess  ((--))

QQUUAALLIITTYY OOFF

EENNVVIIRROONNMMEENNTT

--  ppoolllluuttaannttss  ((--))

--  bbaallllaasstt  wwaatteerrss  ((--))

--  wwaarrmmeedd  wwaatteerr  ((--))

--  sseewwaaggee  ((--))

--  oorrggaanniicc  mmaatttteerr  ((--))

--  bbaacctteerriiaa  aanndd  

vviirruusseess  ((--))

--  nnuuttrriieennttss  ((--))

--  sseewwaaggee  ((--))

--  aannttiiffoouulliinngg  

ppaaiinnttss  ((--))

--  ffeerrttiilliizzeerrss  ((--))

--  ppeessttiicciiddeess  ((--))

--  oorrggaanniicc  

mmaatttteerr  ((--))

--  ssuussppeennddeedd  

ssoolliiddss  ((--))

--  ffrreesshhwwaatteerr  

mmaannaaggeemmeenntt  ((--))

--  nnuuttrriieennttss  ((--))

--  oorrggaanniicc  

mmaatttteerr  ((--))

--  ffrreesshhwwaatteerr  

mmaannaaggeemmeett  ((--))

--  ddiisseeaassee  

ttrraannssmmiissssiioonn  ((--))

--  ggeenneettiicc  

eessccaappee  ((--))

EECCOONNOOMMYY

--  lliinnffrraassttrruuccttuurree  ((++))

--  aattttrraaccttiioonn  ooff  

iinnvveessttmmeenntt  ((++))

--  mmaarrkkeett  ((++))

--  iinnffrraassttrruuccttuurree  ((++))

--  aattttrraaccttiioonn  ooff  

iinnvveessttmmeenntt  ((++//--))

--  sseeaassoonnaall  

eemmppllooyymmeenntt  ((++//--))

--  llooccaall  mmaarrkkeett  ((++))

--  iinnffrraassttrruuccttuurree  ((++))

--  iinnffrraassttrruuccttuurree

((++))

--  iinnffrraassttrruuccttuurree

((++))

--  aattttrraaccttiioonn  ooff  

iinnvveessttmmeenntt  ((++))

--  mmaarrkkeett  ((++))

--  iinnffrraassttrruuccttuurree  ((++))

--  ffiisshh  mmeeaall  ffoorr  

aaqquuaaffeeeeddss  ((++))

SSOOCCIIAALL

RREESSOOUURRCCEESS --  lliivviinngg  hhaabbbbiittss  ((--))

--  eeccoo  ttoouurriissmm  ((++))

--  sseeaassccaappee  ((--))

--  wwiillddlllliiffee  ((--))

--  iinntteerrnnaall  

ccoommppeettiittiioonn  ((--))

--  eemmppllooyymmeenntt  ((++))

--  eedduuccaattiioonn  ((++))

RREEGGUULLAATTIIOONN

--  aarreeaass  aarroouunndd  ((--))

--  hhaarrbboouurrss  

rreesseerrvveedd  ((--))

--  mmiilliittaarryy  zzoonneess  ((--))

--  mmuunniicciippaalliittyy  ((--))

--  llppoolliiccyy  ((++//--))

--  pprrootteecctteedd  aarreeaass  ((--))

--  wwiilldd  ffaauunnaa  

aanndd  fflloorraa  ((--))

--  eennvviirroonnmmeennttaall  

ssttaannddaarrddss  ((++))

--  ssaannccttuuaarriieess  ffoorr  

ffiisshheerriieess  ((++//--))
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