GUIDELINES

TO MARINE AQUACULTURE
PLANNING, INTEGRATION
AND MONITORING
IN CROATIA



guidelines 26062006.gxp 5.7.2005 0:50 Page 2 $

©0000000000000000000000000000000000000000000000000000000000000000000000000

2 COASTAL ZONE MANAGEMENT PROJECT




guidelines 26062006.gxp 5.7.2005 0:50 Page 3 $

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

GUIDELINES
to marine aquaculture planning, integration and monitoring in
Croatia

prepared by
lvan Katavi¢, Tor-Jahn Herstad, Hakon Kryvi, Patrick White,
Vlasta Franicevi¢ and Neda Skakelja

Citation:

Guidelines to marine aquaculture planning, integration and monitoring in Croatia,
Eds. Katavi¢, I., Herstad, T-J., Kryvi, H., White, P., Franicevi¢, V. and Skakelja, N.,
Project “Coastal zone management plan for Croatia”, Zagreb, 2005, pp. 78.

Zagreb 2005



guidelines 26062006.gxp 5.7.2005 0:50 Page 4 $

©0000000000000000000000000000000000000000000000000000000000000000000000000

4 COASTAL ZONE MANAGEMENT PROJECT




guidelines 26062006.gxp 5.7.2005 0:50 Page 5 $

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

DIRECTORATE OF FISHERIES
MINISTRY OF AGRICULTURE, FORESTRY AND WATER MANAGEMENT
and
AKVAPLAN-NIVA AS, NORWAY
in cooperation with the
MINISTRY OF ENVIRONMENTAL PROTECTION, PHYSICAL PLANNING AND
CONSTRUCTION
MINISTRY OF SEA, TOURISM, TRANSPORT AND RECONSTRUCTION

on the
PROJECT

INTEGRATED COASTAL ZONE MANAGEMENT FOR CROATIA — WITH
PARTICULAR FOCUS ON MARINE AQUACULTURE

GUIDELINES

TO MARINE AQUACULTURE
PLANNING, INTEGRATION AND
MONITORING IN CROATIA

Zagreb 2005
g 5




guidelines 26062006.gxp 5.7.2005 0:50 Page 6 $

GUIDELINES to marine aquaculture planning, integration and monitoring in Croatia

©0000000000000000000000000000000000000000000000000000000000000000000000000

LisT OF ACRONYMS

APN - AKVAPLAN NIVA

AZE - ALLOWABLE ZONE OF EFFECT

BATNEEC - BEST AVAILABLE TECHNOLOGY NOT ENTAILING EXCESSIVE COST
BMP - BEST MANAGEMENT PRACTICES

BOD - BioLoGicAL OXYGEN DEMAND

CBA - CoST-BENEFIT ANALYSIS

CCRF - Cope oF CONDUCT FOR RESPONSIBLE FISHERIES

CoD - CHEMICAL OXYGEN DEMAND

CZM - COASTAL ZONE MANAGEMENT

CZMP - COASTAL ZONE MANAGEMENT PLAN

EC - EuROPEAN COMMISSION

EIA - ENVIRONMENTAL IMPACT ASSESSMENT

EQS - ENVIRONMENTAL QUALITY STANDARDS

FAO - Foob AND AGRICULTURE ORGANIZATION

GIS - GEOGRAPHICAL INFORMATION SYSTEM

GMO - GENETICALLY MODIFIED ORGANISMS

ICZM - INTEGRATED COASTAL ZONE MANAGEMENT

ICZMP - INTEGRATED COASTAL ZONE MANAGEMENT PLAN

IRB - INSTITUTE "RUDER Boskovic"

MAFWM - MINISTRY OF AGRICULTURE, FORESTRY AND WATER MANAGEMENT
MEPPP - MINISTRY OF ENVIRONMENTAL PROTECTION, PHYSICAL PLANNING AND CONSTRUCTION
MSTTD - MINISTRY OF SEA, TOURISM, TRANSPORT AND DEVELOPMENT
NIMBY - NoT IN My BACK YARD

oG - OFFICIAL GAZETTE

SEA - STRATEGIC ENVIRONMENTAL ASSESSMENT

SIA - SocIAL IMPACT ANALYSIS

TOC - ToTAL ORGANIC CARBON

UN - UNITED NATIONS

6 COASTAL ZONE MANAGEMENT PROJECT




guidelines 26062006.gxp 5.7.2005 0:50 Page 7 $

ABSTRACT

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.

Zagreb 2005
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FOREWORD

roatia 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),

COASTAL ZONE MANAGEMENT PROJECT

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. | believe the
same has a good chance to happen in tourism, as
it is a sector so important in Croatia. | 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.

Itis 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.

Itis 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.

HEAD OF THE PROJECT

Ivan Katavi¢, assistant minister
Fisheries Directorate

Ministry of Agriculture, Forestry
and Water Management
Republic of Croatia

Zagreb 2005
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BACKGROUND

eafood is a product that is receiving incre-
Sased 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.

Zagreb 2005
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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

COASTAL ZONE MANAGEMENT PROJECT

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.

——
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CHAPTER 1:
INTRODUCTION

n this Chapter, a brief introduction to Inte-
I 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
21 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

M is a commonly used acronym for “Integra-

ted Coastal Zone Management”. 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-

COASTAL ZONE MANAGEMENT PROJECT

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),

——
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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

ustainability refers to the ability of a society, eco-
Ssystem, 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 (Franki¢, 2003)

1. Environmental Resource Assessment — 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.

2. Environmental Impact Assessment (EIA) — 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.

3. Policy Framework — 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.

4. Economic evaluation and regulatory measures —
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.

5. Implementation — 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.

6. Monitoring and evaluation — 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

Zagreb 2005
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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

quaculture 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-
ightin 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-

COASTAL ZONE MANAGEMENT PROJECT

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

I 2
o [
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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).

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

- 1998 m 2000 | 2001 | 2002

Bass
and 1747 | 1750 | 2100 | 2500 | 2500
bream
Mussel
and 1100 | 1111 | 3000 | 2500
oyster
OTAL | 3047 4378 | 8545 | 8971

1.5. STRATEGIC FRAMEWORK
FOR DEVELOPMENT OF THE
RepuBLIC oF CROATIA
(FocusING oN MARINE AQUA-
CULTURE)

overnment 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 21% 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

Sea bass and sea bream

Sea bass and sea bream are grown in floating
cages. There are 40 bass and bream farms
divided in two types: big farms with yearly
production of 200-800 tonnes and small family
farms with production 50-100 tonnes.
Production was continuously increasing and has
stopped at 2 500 tonnes in 2002, staying at the
same level in 2003. The main market for these
products is the EU, although revitalization of
tourism has made the domestic market more
and more attractive.

There are three hatcheries in operation with

total production of about 6 million of fry per
year (Table 3). This fry production is not
meeting the present requirements of domestic
needs, so almost 10 million of fry are imported
every year.

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.

“Croatia in the
21+ Century”,
development
strategy

Zagreb 2005
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Bluefin tuna

Tuna is grown in semi-offshore floating cages.
All production is concentrated on the middle
coast islands. There are six tuna farms,
producing 500-1.000 tonnes each. This is the
most rapid growing marine aquaculture activity,

which in seven-years from total production of

40 tonnes has reached over 4.000 tonnes in
2003. One of the limiting factors for its future
increase is a catching quota, which Croatia has
to follow as a member of International
Commission for the Conservation of Atlantic
Tunas (ICCAT).
0000000000000 00000

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.

COASTAL ZONE MANAGEMENT PROJECT

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
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MENT, VIRGINIA INSTITUTE OF MARINE SCIENCE,
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CHAPTER 2:
MARINE
AQUACULTURE
- A SHORT
INTRODUCTION TO
THE INDUSTRY

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

ccording 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.

------ Energy

Water

Extensive Cages Raceways  Tanks  Silos
fish ponds

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

Zagreb 2005
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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-

COASTAL ZONE MANAGEMENT PROJECT

diate category between the two. The most expen-
sive technology is offshore.

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

VS. offshore
VULNERABILITY
OPERATIONAL COSTS

ACCESSIBILITY
CAPITAL INVESTMENT
RISK OF SELF-POLLUTION

REDUCED WATER
QUALITY

PARASITES
FOULING
USER CONFLICTS

SURVIVAL

Legend: + indicates positive relationship
- indicates negative relationship

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.

——
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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

part from species currently reared in the Repu-
lic 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

Zagreb 2005
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Table 5. Existing and potential species of
interest for marine aquaculture in Croatia

Cages | Cages

Sea bass

Sea bream

Rainbow trout

Salmon

Turbot

Plaice
European eel

Bluefin tuna
Bivalves
Gastropods

Cephalopods

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

SPECIES

Rainbow trout*®
Atlantic salmon
Sea bass
Gilthead sea bream
Turbot
Plaice

European eel

Mullet Mugil cephalus

Bluefin tuna

24 COASTAL ZONE MANAGEMENT PROJECT

species (Table 6, 7, 8, Fig 2). The main parameters
are: temperature, salinity, pH, oxygen saturation,
ammonia, waves and depth.

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

Ammonia level in weight of
SPECIES nitrogen N-NH3 (mgg/m)

Oncorhynchus | ¢ 4.0,14 (after acclimatization)

mykiss
Dicelgzr%r;hus 0.2
s 02
e 011
Pt 005
Hommarus sp. 0,14

*Rainbow trout: parameters differ in fresh and marine
water. In marine water Max °C 30°-32° Min °C 0-1, in fresh
water Max °C 24°-25° Min °C 0.
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Table 8. Biophysical limits for several species
of bivalves, Haliotilis tuberculata (gastropods)
and Sepia officinalis (cephalopods)

Crasostrea
gigas

Tapes
decussatus

. Tapes
philippinarum

scallop

GASTROPOD

Haliotilis
tuberculata

CEPHALOPOD

Sepia
officinialis

—¢—
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Figure 2: Preferred temperature (°C) 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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Box 1: KEy PARAMETERS IN REARING OF
MARINE SPECIES

SEA BASS (DICENTRARCHUS LABRAX)

- larval temperature 18-20°C, survival 40 to 50%

- on growing at 20-25°C with optimum of 22 to 23°C
- salinity range from 3 to 40 ppt, with an optimum
of 27-28 ppt

- reaching 300 to 400 g within 20 months with 80 to
85% survival and stocking density from 10 to 20 kg /m?

SEA BREAM (SPARUS AURATA)

- larval temperature 18 to 21°C

- on-growing at 22 to 26°C, with an optimum of
24°C

- reaching 300 to 400 grams within 18 months
Both species shall be kept in water with sufficient
oxygen concentration. The optimal oxygen levels vary
depending on both abiotic factors such as temper-
ature, salinity, carbon dioxide concentration, ammon-
ia, and Ph; 70 % of oxygen saturation is a minimum to
support good growth. The maximum level of CO;
should not exceed 35 mg/l. Stocking density in the
cages is from 12-15 kg/m?

COMMON DENTEX (DENTEX DENTEX)

- larval temperature 20 to 23°C

- on growing at 22 to 26°C

- reaches 500 g after 20 months with survival at 60%

WHITE SEA BREAM (DIPLODUS SARGUS)

- slow-growing sparids

- in about 20 months reach 200 to 250 g with survi-
val 60 to 70%

- larval survival is up to 20% at 20 to 22°C

COMMON SEA BREAM (PAGRUS PAGRUS)

- larval temperature from 18-20°C

- on-growing at 19 to 24°C

- gives 600 to 700 grams fish after two years with
70% survival.

Zagreb 2005
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Box 1 CoNTINUED: KEY PARAMETERS IN REARING OF MARINE SPECIES

DusKY GROUPER (EPINEPHELUS MARGINATUS)

- development of appropriate hatchery technology has proved extremely difficult

- survival after metamorphosis is exceeding 90%, but from hatching until day 80 when the individuals weigh-
ing around 2 grams is as low as 10-12%

- on-growing at 24 to 28°C may produce 1 kg fish after two years

©000000000000000000000000000000000000000000000000000000000

YELLOW TAILED AMBERJACK (SERIOLA DUMERILI)

- it is still difficult to obtain fertilized eggs and larval survival is still low (<5%)

- larval temperature is 20 to 22°C

- on-growing at 20 to 22°C gives 1 kg after 1 year, 3 kg after 2 years and 6 kg after 3 years with 90% survival.

©000000000000000000000000000000000000000000000000000000000

SOLE (SOLEA SOLEA)

- at 18°C larval survival through metamorphosis reaches up to 70%

- on-growing at 16 to 18°C brings fish up to 250 g in two years with survival above 90% at stocking density
20 to 30 kg/m?

- optimal temperature for the early stages is around 20°C

- juveniles can reach size of 24 cm (approximately 125 g) in less than 1 year

©000000000000000000000000000000000000000000000000000000000

OTHER FLATFISH SPECIES

Flatfish may also have an important role to play in land-based aquaculture. Flounder (Pleuronectes platessa)
and turbot (Schophthalmus maximus) are potentially interesting species. Such species are predominantly
reared in re-circulating systems.

Adults are very robust and in a case of turbot they can be kept at densities higher than 25 kg/m?. In areas
where temperatures exceed 22°C the adults my have reduced growth and are more susceptible to disease
problems with consequent lower yields.

©00000000000000000000000000000000000000000000000000000000 0

LoBsTER (HOMMARUS SP., PALINURUS SP.)

Lobster juveniles can be reared for restocking or artificial propagations. At present, prospect for commercial
lobster farming are poor. Some experimental trials in on-growing small lobsters collected from their natural
habitat are going on in Croatia (VIP project, Ministry of Agriculture, Forestry and Water Management).

©000000000000000000000000000000000000000000000000000000000

BLUEFIN TUNA (THUNNUS THYNNUS)

Tuna farming is based on the harvesting of live wild juvenile fish, and their subsequent rearing in the float-
ing cages. Large specimens are captured and fed during short periods of time (4 to 6 months) aimed most-
ly to increase the fat content of the fish, which strongly influences the prices of tuna meat on the Japanese
sushi market. Such a practice can also be referred to as “tuna fattening”. However, small individuals are
reared through standard fish farming practice during few years aiming to increase fish weight and change
fat content of the flesh.

A suitable rearing site must have good exchange of water, high transparency, and high dissolved oxygen. In
most cases in Croatia, the stocking density is not exceeding 3kg/m®.

COASTAL ZONE MANAGEMENT PROJECT
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Short list of stressors and mitigation options in marine cage aquaculture
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:

r \

Table 9. Some threats and mitigations in marine aquaculture

THREAT MITIGATION
DISCHARGE OF SEWAGE, OR MUNICIPAL RUN-OFF The recommended distance from the outlet will
Microbial and viral loading; (hyper) eutrophication; | depend of the diluting capacity. Monitoring of oxygen
stimulate algal growth (blooms) levels in the cages is recommended

RUN OFF FROM INDUSTRIES AND MINING ACTIVITIES
(INDUSTRIAL POLLUTION)

Chemical industry and Mining industry; risk of Avoid the contaminated area
contamination by toxic substances; release of
sandy or muddly (turbid) water

RELEASE OF COOLING WATER FROM E.G. POWER PLANTS Either avoid the area or take advantage of the elevated
Changing (periodically) the temperature regime: temperature designing the farm, choice of species and
stressing factor production

RUN-OFFS FROM LAND FILLS
(uncontrolled or not), other waste disposal Avoid the area or apply more frequent monitoring.
systems, toxic effects, eutrophication

OLL SPILLS
Can cause large scale fish kills; absorption of
hydrocarbons by shell fish

As for other accidents — contact relevant authority;
Move cages to other sites

RELEASE OF PESTICIDES, FERTILIZERS, ANTI-FOULING AGENTS

. . Avoid such areas, map the prevailing currents, get
Can severely contamine fish and shellfish meat 2 2 9 9

information on when the danger of release is imminent

RELEASE OF UNFORESEEN HAZARDOUS SUBSTANCES FROM PORTS
All kind of contamination depending on Avoid farming close to such areas
substances drifting into the cages

RELEASE OF VARIOUS SUBSTANCES FROM OTHER MARINE Keep a safety distance from the other farms; look at
AQUACULTURE FARMS the current pattern; co-operate with neighbouring
Increased rate of contamination. farms; (e.g.: synchronize the medication); establish an

information network between the farms in the area

Zagreb 2005
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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.

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

Parasites %?Scé‘aegief‘sl Viral diseases
Tricodina sp a ng\zﬁg rum | Lymphocystis

; Vibrio Viral Nervous

Calligus fo

. Pseugomonas
Microzoa anguilliseptica

Box 2 DISEASE PREVENTION AT DIFFERENT
STAGES OF FISH LIFE CYCLE

EGGs & LARVAE
The immune system of marine fish species is unde-
veloped at this stage and protection strategies must
therefore concentrate upon high quality eggs be-
ing kept in the cleanest possible environment. Disin-
fection and environmental control are the primary
methods of keeping the stock disease free.

® Disinfection

[} Environmental Controls

FrY
Marine fish fry are susceptible to a wide range of vi-
ral, bacterial and parasitic secondary infections. Sea
bream are especially prone to acute mortalities due to
Pasteurellosis. This can be minimised by careful hu-
sbandry and the quality and cleanliness of live feed.
Immunostimulants should be mixed with the dry
feed.

®  Immunostimulants

®  Careful husbandry/Management

Box 2 CONTINUED: DISEASE PREVENTION AT
DIFFERENT STAGES OF FISH LIFE CYCLE

JUVENILES

Juveniles are normally transferred to ongrowing si-
tes at 1 to 2 grams. A minimum size of 1 gram is re-
commended for immersion vaccination, which should
be carried out 2 weeks before transfer. Immunosti-
mulants can be used to help boost the response to
the vaccine and to enhance the resistance of juve-
niles to the stress of the move. Detailed, accurate dia-
gnosis, swift intervention and good planning will mi-
nimise the disease risk in hatcheries and ongrow-
ing sites. It is preferable to vaccinate sea bass and sea
bream juveniles against Pasteurellosis at the ongrow-
ing site although this is also possible at the hatchery.
Vaccination is recommended 4 to 5 weeks prior to the
period of risk.

ONGROWERS

Ongrowers will be exposed to a number of disease
problems. The most significant of these are Pasteu-
rellosis, Vibriosis, Myxobacteriosis and Viral Nervous
Necrosis (VNN). Pasteurellosis and Vibriosis can be
prevented and controlled using vaccines, which
should be targeted to the periods of greatest risk.
These will vary from site to site depending on season-
al temperature cycles. Vibriosis is often associated
with the temperature fluctuations in spring and au-
tumn. It may however, become endemic in constant
temperature systems. Pasteurellosis is usually asso-
ciated with high summer temperatures. Ergosan has
been shown to help control losses and enhance re-
covery in infected fish. It can also be used to reduce
mortalities due to VNN.

General health monitoring and investigation will
ensure that correct preventive measures are taken
and that in the case of treatments being administer-
ed the correct choice of product is made at all stages!
Concurrent parasitic infections have been shown to
increase the levels of mortality caused by bacterial
and viral infections.

) Oral vaccines
) Injectable vaccines
[ Immunostimulants

COASTAL ZONE MANAGEMENT PROJECT
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Box 2 CONTINUED: DISEASE PREVENTION AT
DIFFERENT STAGES OF FISH LIFE CYCLE

BrooDsTOCK

Broodstock are one of the keys to the future suc-
cess of the farming operation and great care
should be taken in selecting the correct fish. Produc-
tion quality and performance characteristics are the
most important traits for which fish are selected.
The fish must be kept free from disease and in a
stress-free environment and be provided with high
quality feed.
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CHAPTER 3:
LEGISLATION,
PLANNING AND
LICENSE
OBTAINING
PROCEDURES

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

here 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 OSPAR 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.0Spar.org.

[ The Helsinki Convention covering the

COASTAL ZONE MANAGEMENT PROJECT

Baltic Sea. For details see

® The Barcelona Convention covering
the Mediterranean Sea. For details
see www.rempec.org/barcelona.html.
The Barcelona 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

oining the EU is a strategic goal of the Republic
.Jof 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

——



guidelines 26062006 .gxp

5.7.2005

0

:50

Page 31

—¢—

Chapter 3

©00000000000000000000000000000000000000000000000000000000000000000000000000

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) requ-
lations which control specific local conditions.
Some of the main directives affecting aquacul-
ture are:

- Dangerous Substances Directive

(76/464/EEQ): lists of substances which are
toxic, persistent and which bio-accumulate
and those, which have a deleterious effect.

- Directive 76/160/EEC concerning the
quality of Bathing Water

- Directive 75/440/EEC concerning the
quality required of surface water intended
for the abstraction of drinking water in
the Member States

- Habitats and Species Directive (97/62/EC)
on the coastal and estuarine activity of
aquaculture

- Environmental Impact Assessment
Directive (Council Directive 97/11/EC of 3
March 1997 amending Directive
85/337/EEC on the assessment of the
effects of certain public and private
projects on the environment) 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 Environmen-
tal Quality Standards (EQS) and a BATNEEC-ba-
sed (Best Available Technology Not Entailing
Excessive Cost) 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

lanning and zoning of aquaculture in the Re-
Ppublic 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 Act on Mari-
time Estate and Sea Port (OG 158/03) and the
subsequent Ordinances (in particular the Ordinan-
ce on the procedure of issuing of the concession
for usage of a section of maritime estate — OG
23/04, 101/04).

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 Environment Protection Act (OG
82/94, 128/99) 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 Re-
gulation on Environmental Impact Assessment
(OG 59/00). 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 Act on Physical Planning
(OG 30/94, 68/98, 61/00, 32/02) 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.

Nature Protection Act (OG 162/03) 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 Marine Fish-
eries Act (OG 46/97). 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 Regulation on suitability of a
section of marine estate for marine aquaculture
(OG 8/99, 56/02). 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 Veterinary Act (OG 70/97).

Government of the Republic of Croatia has also
brought the Water Act (OG 107/95), which fos-
tered the Ordinance on water classification (OG
77/98). Data gathered in the framework of these

COASTAL ZONE MANAGEMENT PROJECT

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 Food Law (OG
23/03), 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

here are two main documents, which provide
Ta framework for all physical plans in the coun-
try. These are the Strategy of Physical Planning of
Croatia and the Program of Physical Planning of
Croatia (OG 50/99). 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

icense obtaining procedure in Republic of Cro-
Latia 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 respon-
sible administrative body 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 demes-
ne) 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;

Zagreb 2005
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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:

COASTAL ZONE MANAGEMENT PROJECT

- 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 (¢, A)

2
- farm area (m’)

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

Il EU countries require state authorization of
Asome 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
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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

enerally speaking, the regulations govern-
Ging 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-
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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

ensure proper development of aquaculture,
T:cience should be applied and best manage-
ment practices (BMPs) 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

n creating a sustainable aquaculture and coast-
|a| 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-
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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 MIEDITERRANEAN 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); Pus-

LISHED IN OG—IT, No. 17/98, CAME INTO FORCE
WITH RESPECT TO THE REPUBLIC OF CROATIA ON 9
Jury 2004.

- ProTocoL CONCERNING COOPERATION ON
PREVENTING POLLUTION FROM SHIPS AND, IN CASES
OF EMERGENCY, COMBATING POLLUTION OF THE
MEDITERRANEAN SEA (MALTA 2002); PUBLISHED
N 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); PusLisHep 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 Ocroser 1991 (OG-IT 12/93).

- PROTOCOL FOR THE PROTECTION OF THE MEDITER-
RANEAN SEA AGAINST POLLUTION FROM LAND-
BASED SOURCES AND ACTIVITIES (SYRACUSE
1996), RepusLIC oF CROATIA SIGNED THE PROTO-
coL.

- PROTOCOL FOR THE PROTECTION OF THE MEDITER-
RANEAN SEA AGAINST POLLUTION RESULTING FROM
EXPLORATION AND EXxpLOITATION OF THE CONTI-
NENTAL SHELF AND THE SEABED AND ITS SUB-SOIL
(Mabprip 1994); RepusLIC OF CROATIA SIGNED
THE PROTOCOL.

- PROTOCOL ON THE PROTECTION OF THE MIEDITER-
RANEAN SEA BY TRANSBOUNDARY MOVEMENTS OF
HazARDOUS WASTES AND THEIR DISPOSAL (IZMIR
1996); RepusLIC OF CROATIA HAS NOT SIGNED
THE PROTOCOL.

- Unitep NATIoN CONVENTION ON BIOLOGICAL
DiversiTy (OG — INTERNATIONAL TREATIES
1/6/96) ENTRY INTO FORCE IN THE REPUBLIC OF
CROATIA: 5 JANUARY 1997.

- BIO-SAFETY PrROTOCOL 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.

- ConveNnTION ON CONSERVATION OF EUROPEAN
WiLpLiFe AND NATURAL HABITATS (OFFICIAL
GAZETTE — INTERNATIONAL TREATIES 6/00). ENTRY
INTO FORCE IN THE REPUBLIC OF CROATIA:

3 Jury 2000.

- ConVENTION ON THE CONSERVATION OF
MIGRATORY SpPECIES OF WiLD ANIMALS (CMS)
(OFFICIAL GAZETTE — INTERNATIONAL TREATIES
6/00) ENTRY INTO FORCE IN THE REPUBLIC OF
CROATIA:

1 Ocroser 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.

MAIN REFERENCES:

APPROACHES FOR ZONING OF COASTAL AREAS  SPLIT, CROATIA, PAP/RAC (MAP-UNEP),
WITH REFERENCE TO MEDITERRANEAN 1994, pp 111+80.
AQuUACULTURE; PAP/RAC, 1996
MERAMED PROJECT: WWW.MERAMED.COM

EUROPEAN ComMISSION - COMMON FISHERIES

PoLicy AND ENVIRONMENTAL POLICY, MINISTRY OF AGRICULTURE, FORESTRY AND

HTTP://EUROPA.EU.INT/ WATER MANAGEMENT, WWW.MPS.HR
FRANKIC, ANAMARIJA: COASTAL MANAGEMENT MINISTRY OF ENVIRONMENTAL PROTECTION,

& SUSTAINABLE AQUACULTURE DEVELOPMENT IN  PHYSICAL PLANNING AND CONSTRUCTION,

THE REPUBLIC OF CROATIA- CONTRIBUTION TO WWW.MZOPU.HR

THE PROJECT: ICZMP; CENTER FOR COASTAL

RESOURCE MANAGEMENT, VIRGINIA INSTITUTE OF OFFICcIAL GAZZETE, WWW.NN.HR

MARINE SCIENCE, COLLEGE OF WILLIAM AND

Mary, USA, 2003 PLANNING AND MANAGEMENT FOR

SUSTAINABLE COASTAL AQUACULTURE
GUIDELINES FOR INTEGRATED MANAGEMENT OF  DEVELOPMENT; GESAMP No.68, FAO, 2001
COASTAL AND MARINE AREAS WITH SPECIAL
REFERENCE TO THE MEDITERRANEAN BASIN,
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CHAPTER 4:
SOCIO-ECONOMIC
ASPECT

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

lanning for sustainable uses of coastal resour-
Pces 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:

- DEFINITION OF THE SCOPE OF THE PROJECT
(NATIONAL, REGIONAL, LOCAL)

- IDENTIFICATION OF COSTS AND BENEFITS

- FINANCIAL EVALUATION

- ECONOMIC EVALUATION

- COMPARISON OF ECONOMIC COSTS AND BENEFITS
OVER TIME UNDER VARIOUS SCENARIOS.

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)

y definition, SIA runs parallel with environmen-
tal impact assessment (EIA), risk and hazard
assessment, technology assessment, project,
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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:
- AQUACULTURE CAN INFLUENCE AND CHANGE THE
PERCEPTION OF THE PLACE — 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.
- IT CAN INFLUENCE AND CHANGE THE EMPLOYMENT
PATTERNS — 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.
- IT CAN INFLUENCE AND CHANGE THE EXISTING
ECONOMIC AND SOCIAL PATTERNS OF LIFE — 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

COASTAL ZONE MANAGEMENT PROJECT

effect for the development of the area in
general, and in that sense, overturn the
negative demographic and employment
trends.

- IT COULD HAVE A SHORT AND/OR LONG TERM
IMPACT ON THE CHANGES OF PERCEPTION Of the
overall picture of a place, city, and area.
- DIRECT AND INDIRECT BENEFITS FROM THE
ACTIVITY CAN BE FELT. 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, ¢) 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:

- KEY INFORMANTS (EXPERTS, REPRESENTATIVES OF
LOCAL COMMUNITY ON THE POLITICAL LEVEL);

- ADVISORY GROUPS,;

- COMMUNITY FORUM REPRESENTATIVES;

- “ORDINARY CITIZENS™;

- REPRESENTATIVES OF POTENTIAL INVESTORS;

- CimizEN COMMITTEES;

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 local public have reacted aga-
inst new initiatives, following the “not in my
back yard” syndrome (NIMBY). In this sense it is

Zagreb 2005
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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:

- INVOLVEMENT OF GENERAL PUBLIC AND DECIDE ON
PARTICIPATION TOOLS;

- DEVELOP NEGOTIATION AND CONFLICT RESOLUTION
TOOLS;

- DEVELOP ADEQUATE INFORMATION AND
EDUCATION TOOLS;

- DEVELOP ADEQUATE METHODS FOR STAKEHOLDER
ANALYSIS AND SOCIAL PROFILING TOOLS;

- DEVELOP SURVEY AND METHODOLOGY TOOLS,

- DEVELOP PARTICIPATORY ACTION RESEARCH
TOOLS;

- DEVELOP MONITORING AND EVALUATION TOOLS.

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.

COASTAL ZONE MANAGEMENT PROJECT

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 111+80.
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CHAPTER 5:
ENVIRONMENTAL
IMPACT
ASSESSMENT AND
CONCERNS

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

IA 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, ElAs 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

n 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
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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

deally, 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:
- THE NATURE OF THE PROJECT DEMANDS A FULL
EIA.
- BY ITS NATURE, THE PROJECT IS UNLIKELY TO
HAVE ANY SIGNIFICANT ENVIRONMENTAL IMPACTS
- THE PROJECT MAY OR MAY NOT REQUIRE A
FULL EIA; FURTHER INQUIRY IS INDICATED.

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.

COASTAL ZONE MANAGEMENT PROJECT

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:

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

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

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

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

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

REVERSIBILITY/IRREVERSIBILITY — The release
of phosphorus and nitrogen is likely

to cause effects, which could be rapidly
reversible, depending on environment.

LikeLiHoop (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

SiGniricance (local, regional, global)

Methods used to predict impact include:
PROFESSIONAL JUDGEMENT
QUANTITATIVE MATHEMATICAL MODELS
EXPERIMENTS, PHYSICAL MODELS

Once impacts have been identified and ana-
lysed, their significance must be addressed. An

——



guidelines 26062006.gxp 5.7.2005 0:50

Page 47

—¢—

Chapter 5

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

Il 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.

COASTAL ZONE MANAGEMENT PROJECT

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
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Box 3 AREAS OF UNCERTAINTY IN THE USE OF
INTRODUCED AND NEWLY DOMESTICATED SPECIES

GENETIC UNCERTAINTIES ON:
- the long-term effects of interbreeding
between hatchery and wild stocks;
- the long-term effects of potential inter-
species breeding between introduced and wild
stocks;
- the significance of genetic variation;

FISH HEALTH UNCERTAINTIES ON
- emerging new diseases and how to screen
for them;
mode of transmission of diseases;
- host specificities;

ECOLOGICAL UNCERTAINTIES ON:
- the level of environmental impact, i.e. how
an aquatic community will change;
- the resilience, resistance and productivity of
ecosystems as influenced by diversity

\ J

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:

- THE DIRECT LOSS OF FISH FROM CONSUMPTION,
INJURY, OR STRESS;

COASTAL ZONE MANAGEMENT PROJECT

- DAMAGE TO HOLDING FACILITIES BY PREDATORS
AND A POSSIBLE INCREASE IN FISH ESCAPES;

- INTERFERENCE WITH FEEDING (PREDATORS CON-
SUMING FOOD OR DISTURBING THE FEEDING
PROCESS)

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,
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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 Tkm 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.

Box 4: CERTAIN STEPS TO BE CARRIED OUT TO
REDUCE THE NEGATIVE IMPACT FROM ORGANIC
MATERIAL AND NUTRIENTS FROM FISH-FARMS
(caGEs):

SITNG:
— Ensure sufficient depths under the cages (at
least 25 meters)

— Ensure sufficient current speed
— Check the bottom composition

— Avoid enclosed areas and closeness to bays
where organic waste could drift/float in and
be trapped

— Avoid recipients, which already have an
excessive organic/nutrient load

— Use robust cages to take advantage of
deeper and more exposed sites

FEEDING:
— Carefully adjust the amount of feed to the
amount of fish in the farms (fish size, feed
type and formulation). Keep a thorough
record of the amount of fish-biomass in the
pens. Do not overfeed!

— Adjust the feeding and feeding rates to
temperature and other relevant external
factors; use high energy, low sinking feed
with favourable fat to carbon/protein ratio
utilizing feeds with low nitrogen and
phosphorous content, which achieves a
higher feed conversion efficiency ratio, could
be considered

— Site rotation could be advised, but careful,
considerate and attentive operation to
maintain the good conditions at the site
given might/will be more sustainable

— Careful monitoring of the effect of the
farm-operation at the site should be
instituted

— Adjust the operation of the farm according
to the results of the monitoring

— Dispose the waste and dead fish in
designated silage facilities (closed tanks
with formic acid), onshore in lime pits
or by burning.
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Box 5: POSSIBLE SUGGESTIONS FOR EIA
STUDY CONTENTS
(apAPTED FROM PAP/RAC, 1996)

1. INTRODUCTION

The EIA should contain a short description of the
site, description of the planned activities and
importance of the project.

2. DESCRIPTION OF THE PROPOSED
PROJECT

The proposed plan of the project should be
shown on the appropriate bathymetric map
(Scale 1:1000 or 1:2500) together with site plan
that presents the location of buildings, land
based installations and other structures. The
description should include:

a) Details of methods of construction
(materials used, transport suitability of
roads);

b) Detailed description of the farming
operations proposed at the site
(methods, species, initial and future
production capacity, expected patterns
of stock weight and feed input);

©) An estimation of the quality and
quantity of waste loads produced by the
farm’s operations, disposal of wastes,
mortalities, disease and other treatments.

3. REASONS FOR SELECTING THE PROPOSED
SITE AND TECHNOLOGIES

The reasons for selecting the proposed site,
including a short description of alternatives,
which have been considered, should be given.
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Box 5 CONTINUED: POSSIBLE SUGGESTIONS FOR EIA STUDY CONTENTS

4. SITE DESCRIPTION AND ENVIRONMENT

a) Physical characterization of the local aquatic environment should include information on the following:
- an onshore topographic and offshore bathymetric map of the site at least 1 km beyond the
- culturing location;
- details of any existing underwater banks, which could impact water, mass movement, channels
and their communication with the sea;
- description of shore, bottom type.

b) Meteorological, hydrographic and hydrological information:
- predoimnant wind direction, wind velocity and intensity (wind roses, extreme events);
- tidal conditions, the seiches and the probability of extreme conditions;
- wave conditions and currents;
- hydrological conditions of natural or artificial water channels and outlets to the sea;
- temperature/oxygen profiles.

¢) Typical water chemistry based on the mean of four replicate samples collected at each of three depths
(0.5m, 5m and 1m of the bottom) which must include determinations of:

- salinity (ppt)

- PH (units)

- total phosphorus (ug/l)

- orthophosphate (ug/l)

- total nitrogen (ug/l)

- ammonia (ug/l)

- nitrate (ug/l)

- nitrite (ug/l)

- suspended solids/turbidity

d) Sediment chemistry, based on the mean of four replicate, grab samples taken below the location of the
water samples (see above) which include determination of:

- sediment type on the site and its surroundings;

- redox potential (at 4 cm depth in sediment);

- sediment organic carbon and nitrogen content.

e) Biological characterization of the local aquatic environment:
- phytoplankton community,; seasonal changes in composition,; occurrence of algal blooms;
- mean summer chlorophyll a levels;
- survey of the benthic community;
- fishing areas and species important to commercial fishing.

f) Biological characterization of the local terrestrial environment - existence of particularly sensitive and/or
protected species or communities.

g) Present land and sea uses on site and in surroundings:
- location and size of other farming operations;
- location and size of nearby settlements;
- navigation routes;
- location and size of tourism activity nearby the site;
- location and size of nearby marinas;
- proximity of other point sources of nutrient/effluent, including intensity of agriculture.

Zagreb 2005
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Box 5 CONTINUED: POSSIBLE SUGGESTIONS FOR EIA STUDY CONTENTS

5. IDENTIFICATION OF POSSIBLE IMPACTS
An assessment of anticipated or forecasted positive or negative impact, using accepted standards wherev-
er possible, should be given, including the following:
A) TOPOGRAPHIC AND BATHYMETRIC CHANGES AND THE OCCURRENCE OF CHANGES DURING AND AFTER CONSTRUCTION;
B) CHANGES IN WATER CIRCULATION DUE TO AQUACULTURE CONSTRUCTION,
©) SAND MOVEMENTS AND WHERE INCREASED SAND ACCUMULATION AND COASTAL EROSION IS LIKELY TO OCCUR;
D) HYPERNUTRIFICATION/EUTROPHICATION — EXPECTED RESPONSE OF LOCAL BIOLOGICAL COMMUNITIES;
E) PHYSICAL ACCUMULATION AND ORGANIC ENRICHMENT OF AQUATIC SEDIMENTS — EXPECTED RESPONSE;
B IMPACT ON BOTTOM FLORA AND FAUNA, THE RISK OF LOSS OF A HABITAT, CHANGES LIKELY TO OCCUR;
G) DISPOSAL OF STOCK MORTALITIES;
H) AESTHETIC IMPACTS OF BUILDINGS AND OTHER STRUCTURES;
1) IMPACT ON THE QUALITY OF BATHING WATER AND ON THE CLEANLINESS OF BEACH SAND, IF ANY;
1) INTERACTION WITH LOCAL FISHERMEN;

K) IMPACT ON NAVIGATION ROUTES AND OTHER ACTIVITIES IN THE SEA.

6. MEASURES TO REDUCE OR PREVENT NEGATIVE IMPACTS

This section should describe all measures - whether technical, legal, social, economic or other - to prevent,
reduce or mitigate the negative effects of the proposed aquaculture activities.

7. MONITORING

Measures to be used to monitor the effects on a long-term basis, including the collection of data, the
analysis of data, and the enforcement procedures, which are available to ensure implementation of the
measures should be given. See Chapter 6 for additional suggestions.

8. BIBLIOGRAPHY
A list of source materials that are used or consulted in the preparation of the EIA studies should be given.
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CHAPTER 6:
MONITORING
OF MARINE
AQUACULTURE

In 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

Il fish farms release some effluents, which
Agive 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).

THE MOM SYSTEM
New f Farm in
ewiam operation
MONITORING
MODEL EQS PROGRAMME
DEGREE OF LEVEL OF
EXPLOITATION MONITORING
1. A
2. B
3. C

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).
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6.2. EIA AND MONITORING

IA 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

he 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. MoONITORING CRITERIA

verloading of sites and accumulation of
Oorganic 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

COASTAL ZONE MANAGEMENT PROJECT

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 HoLbING 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:

— THE RATE AT WHICH NUTRIENTS CAN BE ADDED
WITHOUT TRIGGERING EUTROPHICATION,;

— THE RATE OF ORGANIC FLUX TO THE BENTHOS
WITHOUT MAJOR DISRUPTION TO NATURAL BEN-
THIC PROCESSES;

— THE RATE OF DISSOLVED OXYGEN DEPLETION
THAT CAN BE ACCOMMODATED WITHOUT MOR-
TALITY OF THE INDIGENOUS BIOTA.

6.4.1.2 ALLOWABLE ZONE OF

ErrecT (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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Box 6: VARIABLES OFTEN USED TO
MONITOR THE ECOLOGICAL EFFECTS OF
COASTAL AQUACULTURE WASTES (GESAMP)

V/ARIABLE Usage CosT VALUE

SEDIMENT CHEMISTRY

Redox potential (Eh) M L H
Depth of visual Eh L L
discontinuity

Total Organic Carbon

100 H M M
Total Kjeldahl

Nitrogen (TKN)
Total Nitrogen (TN) L M M
BENTHIC BioTA

Visual presence of

ot H L M
eggiatoa

Microfaunal

Community

Structure H H

Visual survey H L L

WaATER CHEMISTRY

Dissolved Oxygen
Biochemical Oxygen
Demand (BOD)
Suspended Solids
(SS)
pH
Transparency
(Secchi disk, NTU)
Dissolved Inorganic
Nutrients
PHYTOPLANKTON
Biomass

Chlorophyll L M H

—r — I I I
—
r < T T

T
T
<

LEGEND:
L-low

M - medium
H - high

the cages. In Mediterranean practice regulators
have tended to specify a maximum AZE, typically
aradius 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 Box 7 cONTINUED: OVERVIEW OF
AQUACULTURE-SPECIFIC MONITORING
LocaL INTERMEDIATE PARAMETERS AND CHARACTERISTICS FOR
| | REGIONAL
I\Z/IPACT I\Z/IPACF ZONE WHICH DATA MAY BE COLLECTED
ONE ONE
y——— — Masses in embayment, stratification pat-
o — Area terns, estuarine mixing of marine and fresh
i) e between the water masses, fluctuations in river flows;
local impact
et d — Depths, slopes, seabed types, sedimen
of the larger | ZOn€ an e . d . ]
particles are | the remote — tation and erosion patterns, etc.;
DernmioN | deposited. | zone, wheref . — Ecological characteristics of “undisturbed”
This d‘TleS not| sedimenta- benthic and pelagic communities as well as
2;::: Y tion of of littoral/riparian fauna and flora;
smaller
beyond 15m particles — Patterns, extent and consequences of
fromthefish | aquatic contamination and physical
[ degradation by coastal activities other than
The fish aquaculture;
farmis a The fish
SOURCE OF source of | farm is one — Location, lifetime and layout of the
IPACT Fish farm impact, but | of several aquaculture farm, including size, design or
other sources of construction of holding units, water supply
factors impact channels, tubing, pre- and post- water
contribute treatment facilities,
Marked
e i — Quality of water supply, water exchange
benthic requirements (salt water/fresh water),
&l Ihgrseced properties of pond soils, etc.;
L primary
:zg‘g}uer;]tif; production — Cultured organisms, including type and
POTENTIAL conditions at Gradually and oxygen number of species/strains, size/age, stocking
IMPACT the sea floor, | 1658 impact | consump- density, growth, yield per production cycle;
Fouling of the e T time of stocking and harvesting; disease
cage group, deetper problems (type, onset, duration), losses;
water
reduced . . -
oxy;en levels — Inputs, including feeds, fertilizers,
in the cages chemicalls:, in '.cerms (?f type, quantity,
. ) composition (if possible, content of water,

inorganic and organic carbon, nitrogen,
phosphorus) consistency, food particle size;
methods, schedule and frequency of feeding,
fertilizing and chemical usage;

Box 7: OVERVIEW OF AQUACULTURE-SPECIFIC
MONITORING PARAMETERS AND
CHARACTERISTICS FOR WHICH DATA MAY BE

COLLECTED — Spatial and temporal changes in the water

column within and/or around the farm, in
terms of water circulation/current speeds,
salinity, turbidity, colour, temperature, pH,
dissolved oxygen, dissolved inorganic
nutrients, total carbon, total nitrogen,
total phosphorus, suspended and settled
particulate matter, BOD, etc.;

— Hydrographic and topographic conditions

of coastal water bodies in terms of current

— Directions and speeds, tide dynamics,
wave actions, winds, retention times of
water
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Box 7 coNTNUED: OVERVIEW OF
AQUACULTURE-SPECIFIC MONITORING
PARAMETERS AND CHARACTERISTICS FOR
WHICH DATA MAY BE COLLECTED

— Spatial and temporal changes in and on
the seabed (and pond bottoms) in terms of
sediment colour, thickness, consistency, pH,
redox potential, organic matter content,
BOD, COD, total carbon, total nitrogen, total
phosphorus, dissolved inorganic nutrients,
dissolved oxygen, hydrogen sulphide,
methane, drug residuals, etc.

— Spatial and temporal changes in benthic
and pelagic organisms (partly including
cultured organisms) in terms of responses at
biochemical and cellular level, responses at
the level of individual organisms
(morphological anomalies, reduced
reproduction, growth and survival,
accumulation of chemicals in tissues),
responses at population and community
level (abundance of indicator species,
species richness, abundance, biomass,
diversity), energy flow in food webs, etc

6.4.2 MEASUREMENT PARAMETERS

MONITORING PROGRAMS ARE COMPOSED OF
A SCHEME FOR MEASUREMENTS OF CERTAIN

PARAMETERS.

Box 8: INDICATORS COMMONLY USED IN THE
WATER QUALITY MONITORING PROGRAMS

PHYSICAL

Temperature and salinity profiles are used to
determine ambient stratification, which in
turn can control vertical exchange of heat
and food. Sudden and excessive changes in
temperature, e.g. as a result of the cooling
water discharge, can have detrimental effects
on the aquatic environment.

e \

Box 8 CONTINUED: INDICATORS COMMONLY
USED IN THE WATER QUALITY MONITORING
PROGRAMS

NUTRIENTS

NimrRoGeN (Organic, Nitrate plus nitrite,
Ammonia, Total)

ProspHoRUs (Filterable reactive, Total)

The nutrients nitrogen and phosphorus are
essential for plant growth. High concen
trations indicate potential for excessive weed
and algal growth. Total nutrients are made
up of a dissolved component (e.g. nitrate
plus nitrite, ammonia and filterable reactive
phosphorus) and an organic component,
which is bound to carbon (e.g. organic
nitrogen). Nutrients in the dissolved state can
be readily used by plants. FRP is a measure of
the level of phosphorus that is readily
recycled through organic biomass; TP
includes FRP together with phosphorus
bound to the organic matter. Ratio of total
phosphorus to total nitrogen can be used as
an indicator of likelihood of cyanobacterial
blooms.

MICROALGAL GROWTH

CHLOROPHYLL-A — An indicator of algal biomass
in the water. An increase in chlorophyll-a
indicates potential eutrophication of the
system. Consistently high or variable
chlorophyll-a concentrations indicate the
occurrence of algal blooms, which can be
harmful to other aquatic organisms.

WATER CLARITY

SuspENDED soLIDs — Small particles (soil,
plankton, organic debris) suspended in
water. High concentrations of suspended
solids limit light penetration through water,
and cause silting of the benthic (bottom)
environment. Suspended solids in
concentrations as low as 200 mg/L can kill
susceptible fish species by abrasive action
on their gill tissues.
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BOX 8 CONTINUED: INDICATORS COMMONLY USED IN THE WATER QUALITY MONITORING PROGRAMS

TursIDITY — A measure of light scattering by
suspended particles in the water column.
Altered light climate might affect productivity
and predator-pray relationships.

SeccHi DEPTH — The depth to which the black
and white markings on a Secchi disc can be
clearly seen from the surface of the water
provides an indication of light penetration.

OXYGEN

PH

DissoLVED OXYGEN — Essential for life processes of
most aquatic organisms. Low concentrations of
dissolved oxygen usually indicate the presence
of excessive organic loads in the system, while
high values can indicate excessive plant
production (i.e. eutrophication). Many aquatic
organisms will suffocate if there is insufficient
volume of dissolved oxygen in the water.

OXYGEN DEMAND — The oxygen demand is a
measure of the level of organic matter present
in the water body (both particulate and
dissolved). BOD (biological oxygen demand) is
a measure of the actual amount of oxygen that
wild be consumed from the water mass over
some period of time (usually 5 days) when the
existing bacterial population break down what
organic matter they can. COD (chemical oxygen
demand) is a measure of oxygen required for
the breakdown of all the organic matter
present in the water. Less realistic indicator
than BOD, it is much quicker to measure, and
it is often used for this reason.

PH — A measure of the acidity or alkalinity of
the water. Changes to pH can be caused by a
range of potential water quality problems (e.g.
low values due to acid sulphate runoff).
Extremes of pH (less than 6.5 or greater than
9) can be toxic to aquatic organisms.

SALINITY

ConbuctviTy — A measure of the amount of
dissolved salts in the water, and therefore an

indicator of salinity. In fresh water, low
conductivity indicates suitability for agricultural
use. In salt waters low conductivity indicates of
freshwater inflows such as storm runoff.

TOXICANTS IN SEDIMENTS

TRACE ELEMENTS IN SEDIMENTS

Trace elements, such as fluoride, are present in
the environment naturally and derive principally
from weathering of rocks and soils. Many
elements are essential for aquatic organisms.
However, high concentrations of some
elements in sediments can be toxic to aquatic
organisms and may indicate contamination
from domestic or industrial sources.

ORGANIC CHEMICALS IN SEDIMENTS

Commonly used pesticides can accumulate in
the sediments of aquatic environments and
may reach concentrations toxic to aquatic
organisms.

DISEASE ORGANISMS

BACTERIA; FEACAL COLIFORM

Disease causing microorganisms enter marine
ecosystem via sewage, animal faeces or in
urban runoff. Human pathogens can endanger
people in direct contact with the water (e.g.
swimmers) or those eating contaminated
filter-feeders, which can concentrate bacteria
and viruses. Introduced pathogens can affect
flora and fauna.

HEAVY METALS

COPPER, LEAD, ZINC, CALCIUM, TIN, MERCURY

Heavy metals can be acutely toxic to aquatic
organisms. Even when present in sub-lethal
levels, heavy metals can have a number of
debilitating effects that reduce the health and
growth of aquatic organisms. Heavy metals
tend to accumulate in fish and shellfish. If
sufficiently high, accumulated heavy metals in
fish and shellfish are of public health concern
and may lead to the closure of fisheries.
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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:

— TO CONDUCT A BASELINE STUDY OF NATURAL
CONDITIONS IN THE AREA. THIS ALLOWS
COMPARISON WITH FUTURE DEVELOPMENTS AT
THE SITE;

— TO ASSESS LOCAL VARIATIONS IN
TOPOGRAPHY AND HYDROGRAPHY;

— TO PREDICT THE LIKELY IMPACT OF THE
PROPOSED PRODUCTION PROJECT;

— TO PROVIDE INFORMATION ON MANAGEMENT
PROCEDURES.

An environmental survey will include most of the
following aspects, depending on objectives and
local circumstances:

— SEDIMENT ANALYSES;

— SEMI-QUANTITATIVE VISUAL AND SENSORY
ANALYSES;

— PHYSICAL PROPERTIES (TEMPERATURE, DEPTH,
SEDIMENT STRUCTURE, ETC);

— CHEMICAL PROPERTIES
(SALINITY, POLLUTANTS, NUTRIENTS,

CHLOROPHYLL A, ETC)

— BIOLOGICAL PROPERTIES
(INCLUDING BACTERIAL QUALITY);

— HYDROGRAPHY
(CURRENTS, WAVE HEIGHTS, ETC);

— BENTHIC COMMUNITIES.

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 (Type A). 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 (Type B).

At existing sites with high levels of biomass
(>500 tonnes) a fully quantitative survey is rec-
ommended (Tyre C).

\

Table 12. Monitoring according to farm size

DESCRIPTIVE SEMI-  [QUANTITATIVE
SURVEY QUANTITATIVE SURVEY
Monitoring Monitoring Baseline and
of small of medium- | monitoring
PurPOSE .
farms, sized farms, | of large
<100 t 100-500 t farms >500 t
Sepment | <loU" Grain Siz&, | £ i chemical
ORI smell, Total Organic analvsis
Beggiatoa Carbon ys
s Semi- L
BENTHIC Visul indica- . Quantitative
) quantitative )
FAUNA tor species . analysis
analysis

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.

STATION SELECTION

Two transects of stations, originating at the ca-
ges, should be established. Transect 1 should
take the direction of the residual current through

COASTAL ZONE MANAGEMENT PROJECT

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.

PARAMETERS

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.

ANALYSIS AND REPORTING

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).

STATION SELECTION
Same as for type A surveys.

PARAMETERS

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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and thickness of surface layer, if visible;
colour; smell (eventual presence and
severity of H,S 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.

ANALYSIS AND REPORTING

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 -
Tyere 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.

STATION SELECTION
Same as for Type A and Type B survey.

PARAMETERS

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.

ANALYSIS AND REPORTING
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.

Table 13. Frequency of A-, B- and C-survey
depending on farm production size

FARM size | A-SURVEY | B-SURVEY C-SURVEY
Annually, if
unacceptable
0-100 t Annually conditions
found out-
side AZE
Annually, if
unacceptable
100-500 t Annually conditions
found out-
side AZE
Annually, if
unacceptable
>500 t Annually conditions
found out-
side AZE
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Table 14. Frequency of A- and B-survey at the
site (local impact zone) in relation to impacts at
the site (site conditions).

MONITORING LEVEL

SITE conDITIoN | A-SURVEY
o

Il

3 - Increased
Disturbance

monthly every 6 months

eventual extended
B-survey

4 -
Not Accept-
abcle P

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:

CHART (1:50 000) AND TOPOLOGICAL CHART
SHOWING THE SITE AND POSITION OF THE FISH FARM. IN
ADDITION, AN ORIGINAL HYDROGRAPHIC MAP SHOULD
BE MADE AVAILABLE, COVERING THE SITE AND
SURROUNDING AREA,

CHART (1:5 000) SHOWING THE SITE AND
POSITION OF THE FISH FARM;’

TOPOLOGICAL MAP OF THE SEA FLOOR. THE MAP
COVERS THE SITE AND AT LEAST 10 M OF THE
SURROUNDING SEA FLOOR IN ALL DIRECTIONS
(LOCAL IMPACT ZONE). IF THE FISH FARM COMPRISES
DISPERSED CAGES, THE ENTIRE AREA CONTAINING
CAGES IS COVERED,

MAP SHOWING THE FORM AND DIMENSIONS OF THE
FISH FARM, COMPRISING NUMBER, LENGTH, BREADTH
AND DIAMETER OF THE CAGES AND DISTANCE
BETWEEN EVENTUAL DISPERSED CAGES. DEPTH
CONTOURS ARE SHOWN.

COASTAL ZONE MANAGEMENT PROJECT

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

MONITORING LEVEL

i As per
Dunn_g table 12
production| znd 13

If under
100
tonnes

Increasing

production tonnes

If under
100
tonnes

If over 100
tonnes

Close down
of farm

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.

——
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CHAPTER 7:
PLANNING OF

Box 9: OVERVIEW LIST OF ENVIRONMENTAL
INDICATORS THAT SHOULD BE CONSIDERED
BUT ARE NOT LIMITED FOR AQUACULTURE
PLANNING, ZONING AND SITE SUITABILITY
SELECTION

66

MARINE
AQUACULTURE
AND INTEGRATION
WITH OTHER
INTERESTS

inding 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
DEevELoPMENT PoLicy

he 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,

COASTAL ZONE MANAGEMENT PROJECT

— Species types

— Salinity

— Exposure

— Depth (bathymetry)

— Currents (velocity, direction, surface,
tides and water column movements)

—Wind (fetch, speed and direction)

— Coastal topography (slope, geology,
pedology)

— Substrate (benthic type and quality)
— Suspended matter
— Trophic status

— Water quality (% oxygen, temp,
salinity, coliforms, heavy metals, nitrate,
phosphate, chlorophyll, etc.)

— Land use/land cover
— Fouling

— Predators (e.g. birds, other marine
species, etc)

— Threatened and endangered species,
habitats (e.g. SAV), migratory pathways

— Protected areas

— Buffer zone for aquaculture sites
(related to pollution, protected species,
use conflicts, etc)

— Accessibility and infrastructure (related
to transportation, roads, etc)

— Site carrying capacity or environmental
capacity

— Finfish feed quality and quantity (e.g.
strict regulation of GMOs)
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Box 10: SUGGESTED DATABASE
REQUIREMENTS (FRoM: PAP/RAC, 1996)

NATURAL ENVIRONMENT:

- cultivated area

- forest area

- topography

- hydrology (tides, waves)

- climate (winds, temperature)

- sensitive or protected areas
EXISTING USERS

- land users

- sea users

- demographic data

- infrastructure

- activities and economy

- social structure

\ J

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

aving the administrative fundament in pla-
H 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).

Zagreb 2005
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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

nce 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:

POLLUTION

- AREAS CLOSE TO PORTS, URBAN
SETTLEMENTS, POINT SOURCES OF POLLUTION,
HARBOURS, MARINAS SHOULD BE LEFT OUT.

- MINIMUM DISTANCE FROM SOURCES OF
POLLUTION ARE DIFFICULT TO SET, AND SHOULD
BE FINALLY DETERMINED BY EIA FOR
INDIVIDUAL SITE.

- CLOSED BAYS OR AREAS OF HEAVY URBANIZA-
TION SHOULD BE AVOIDED AS WELL AS AREAS IN
THE VICINITY OF OIL PUMPS OR RIGS.

- WHETHER AQUACULTURE SHOULD BE CLOSE
TO THERMAL SOURCES (SAY FROM A POWER
PLANT) IS STILL AN ISSUE, BUT THIS IS NOT CON-
SIDERED TO BE AN ELIMINATING CRITERIA.

SHELLFISH DETERMINING HYGIENIC CRITERIA

- THESE ARE SET BY RELEVANT REGULATIONS, SO
MEASUREMENTS OF BACTERIOLOGY IS A MUST IF
SHELLFISH FARMS ARE IN THE AREA.

EUTROPHIC AREAS

- THESE SHOULD BE AVOIDED AS WELL AS ALGAL
BLOOMS MAY BE TOXIC OR HARMFUL .

SHIPPING ACTIVITIES

- KEEP AWAY FROM UNDERWATER CABLES, SEA

COASTAL ZONE MANAGEMENT PROJECT

ROUTES, COMMON SAILING ROUTES AND
SIMILAR AREAS.

PROTECTED AREAS

- ACCORDING TO NATIONAL LEGISLATION, IT IS
NOT ALLOWED TO PLACE THE FARMS IN
PROTECTED AREAS.

MILITARY ZONES AND OTHER RESTRICTED AREAS

- THESE ARE ALSO CLOSED FOR ANY OTHER
ACTIVITY, SO MUST BE AVOIDED.

EXPOSED AREAS

- TOO ROUGH WAVE EXPOSURES COULD
DAMAGE THE INSTALATIONS.

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

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

FACTOR Goob | Mebium | Poor
Exposure Partially Sheltered | Exposed
Waves 1-3m m >3m
Depth >30m 30-15m >15m
Dynamism - , .

EYEn . High Medium Low
Water Quality - |, Medium |  High
Pollution

Temperature (°C)

Max 22°-24° 24°-27° >27°

Min 12° 10° <&
Salinity (%)

Average 25-35 15-25 <15

Fluctuation <5 5-10 >10
Dissolved
Oxygen (%) 100 70-100 <70
Topograph:

(slgpe% phy >30 10-30 <10
Substrate Sand or Mixed Mud
gravel rock
Trophic status | Oligotrophic | Mesotrophic | Eutrophic
Fouling Low Moderate High
Predators No Some Abundant
Table 17. List of suitable criteria for
offshore tuna farming
FACTOR Goop Poor
Exposure to open exposed/partially Beylia
sea exposed
Depth >50m <50m
Currents >10cms”’ <710cms’
Pollution 1 >1
Salinity (%o) 36-39 <36i>39
Dissolved oxygen
%) >90 <90
Trophic oligotrophic eutrophic
status gotrop utrop:
Phytobenthas no Possidonia or Poss@c?n':a in
o on safe dstance | the vicinity of
(Possidonia beds) i f
determined by EIA| the location

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)
SUSTAINABILITY HARD
GENERAL | OYSTERS | MUSSELS
INDICATOR CLAMS
pH 6,0-85 6,75 | 7,085 |6,75-875
Temp (°C) 1828 | 1525 21-31
Salinity (%o) 20-35 | 25-35 | 20-35 18-20
Suspended
sediment <10 10-20
(mg/l)
Dissolved >5 >364
oxygen (ppm)
Chlorophyll
2-8 48
(ma/l)
Bathymetry -1 o2
(m)
solid, it
Bottom (habi- . solid | sediment,
firm
tat) type substrate| sand,
substrate
mud
Exposure sheftered
(crz/s) areas with) 50-100 | 20-50
tidal flow
Accesibility 500-5000
(nearest boat
meters
or road)
Fecal
coliforms 14
(Cfu/100 ml)
Nitrate
mgl 08
Phosphate
mg/ 0,08
Dissolved
>5
oxygen (ppm)
mercury
Heavy metals 0,5;
(mg/kg flesh) | cadmium
2; lead 2

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

Zagreb 2005
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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)

SHELLFISH FROM

ALLOWED
FK/100 mL

allowed for | allowed for
<300 . .

direct sales | direct sales

allowed for | allowed for

sales after sales after

COASTAL AREA REARING

A - healthy

B - unhealthy
transfer to | transfer to
zone A zone A
allowed for
forbidden, sales after
C - conditional |6000-60000| except under |purification or
special cases | transfer to
zone A

unconditional \unconditional

>B0000 | promibition | prohibition

forbidden

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

COASTAL ZONE MANAGEMENT PROJECT

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.

Box 11. SUGGESTED DISTANCES BETWEEN
MARINE AQUACULTURE ACTIVITIES

BETWEEN TWO FARMS

BETWEEN FISH AND SHELLFISH FARM
BETWEEN TWO SHELLFISH FARMS
FiSH FARM AND SETTLEMENT
SHELLFISH FARM AND TOURIST AREA
SHELLFISH FARM AND SETTLEMENT
FiSH FARM AND BIRD COLONY
SHELLFISH FARM AND BIRD COLONY

7.5. INTEGRATION,
CONFLICT ANALYSIS AND
EVALUATION

fter selecting suitable areas based on envi-
Aronmental 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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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

( Table 20. Example of management issues, )
options and outcomes in aquaculture
suitability siting

AQUACULTURE SUITABILITY SITING
ADIACENT Management | Management | Outcomes
COASTAL issue options
ACTIVITY

TERReSTRIAL | Water quality | Zoning and Suitable i

RESIDENTIAL | (urban runoff, | buffers: buffers
wastewater - exclusive use | exist;
runoff); zones Socio-
Socio- - zoning with | economic
economic issue| multile uses | cost benefit
- aesthetics, analysis
smell

AGricuLTure | Water quality Environ-

COMMONDITY| (afeiculture mental and
runoff, socio-
pesticides, economic
nutrient, assessment
erosion,
sedimentation)

INDUSTRY Water quality | Zoning, Suitable
(wastewater | buffers, outside
discharges, priority user | buffer, but
contamination) depending

on water
quality

MARINA Water quality | Buffer, suitabl
(wastewater | zoning outside
discharges) buffer

PIERS Recreational | Buffer? suitable
fishing and outside
boating; water buffer
quality

BEACHES Water quality | Buffer, zoning | Suitable or

(PUBLIC) (pathogen con- and EIA optimal

AND BARE | tamination) with

AREAS AS adequate

POTENTIALS facilities

and water
quality

Zagreb 2005
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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):

DEPTH

TEMPERATURE
SALINITY

CURRENTS

WAVE HEIGHT
BACTERIAL QUALITY
CHLOROPHYLL A
SEDIMENT STRUCTURE
BENTHIC COMMUNITIES

COASTAL ZONE MANAGEMENT PROJECT

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
INDUSTRY AND TOURISM AND INTENSIVE EXTENSIVE
Actvity URBANIZATION FISHERIES
HarBOUR RECREATION AGRICULTURE AGRICULTURE
- land
. reclaiming (-) - spawning
- land reclaiming (-)
L i - harbours (-) areas (-)
SPATIAL - shipping traffic (-) | - land use i .
o . - sailing, - coastal land (-) | - coastal land (-) | - nurseries (-)
RESOURCES - military zones (-) | - land reclaiming (-) i L
; bathing (-) - artificial reefs (-)
- dredging (-) . .
- fishing (-) - fishing zones (-)
- historical sites (-)
- fertilizers (-)
- pesticides (-) i :
- sewage (-) i - nutrients (-) - disease
- pollutants (-) i - organic i .
- organic matter (-) | - sewage (-) - organic transmission (-)
QUALITY OF | - ballast waters (-) i N matter (-) .
- bacteria and - antifouling matter (-) - genetic
ENVIRONMENT | - warmed water (-) ) , - suspended
viruses (-) paints (-) lds () - freshwater escape (-)
solids (-
- nutrients (-) managemet (-)
- freshwater
management (-)
- attraction of - attraction of
. investment (+/-) investment (+)
- linfrastructure (+) i i
K - market (+) - seasonal - infrastructure - infrastructure - market (+)
ECONOMY - attraction of i i
. - infrastructure (+) | employment (+/-) | (+) (+) - infrastructure (+)
investment (+) .
- local market (+) - fish meal for
- infrastructure (4) aquafeeds (+)
tourism (4) - internal
- eco tourism
SociaL competition (-)
- . - seascape ()
RESOURCES - living habbits (-) o - employment (+)
- wildllife (-) _
- education (+)
- protected areas ()
- areas around (-) i X
L - wild fauna - sanctuaries for
- harbours - municipality (-) .
REGULATION i and flora (-) fisheries (+/-)
reserved (-) - Ipolicy (+/-) .
ilitary zones () - environmental
- mi g
i standards (+)
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Figure 4: Flowchart for
aquaculture planning and
Partitioning of a integration, a suggestion for
coastal environment procedure
v
Coastal areas
< Assessment of Biophyical descriptors
A4 main conditions Supporting infrastructure
Existing exploitation
ZONES DEFINED Other considerations
Y
Existing > Data base 4—‘ Collecting new data
information completed y
‘ No
Applying eliminatin Unsuitable for
pplying elir 9 aquaculture
criteria
A4
Species Potentially Unsuitable for given
& technologies suitable species/technology
Evaluation:
- social
- economical

- environmental

v

v

v

Aquaculture
only

Priority given to
quaculture

Mixed users

Other users

A 4

v

Application of instruments to promote
aquaculture and protet environment

EIA

monitoring
regulations

training for management practice

traceability protocols (shellfish, fish)

Zagreb 2005

75



guidelines 26062006.gxp 5.7.2005 0:51 Page 76

—¢—

GUIDELINES to marine aquaculture planning, integration and monitoring in Croatia

©0000000000000000000000000000000000000000000000000000000000000000000000000

LIST OF TABLES, BOXES AND FIGURES

Table 1. Trends in World Auaculture

Production for different species groups

in million tones, FAO 2004 18
Table 2. Marine aquaculture production in

Croatia (in tonnes) 19
Table 3. Production of fry in Croatia

(in pieces) 19
Table 4. General relationships between

in-shore and off-shore aquaculture

practices 22
Table 5. Existing and potential species

of interest for marine aquaculture

in Croatia 24
Table 6. Maximum levels of ammonia for

long duration exposure without

affecting growth and conversion index 24
Table 7. Optimum and lethal temperature

for some farmed fish species 24
Table 8. Biophysical limits for several species

of bivalves, Haliotilis tuberculata (gastropods)

and Sepia officinalis (cephalopods) 25
Table 9. Some threats and mitigations in

marine aquaculture 27
Tabe 10. Most common diseases of sea bass

and sea bream 28
Table 11. Overview of impact zones 58
Table 12. Monitoring according to farm size 62

Box 1. Key parameters in rearing of marine

species 25
Box 2. Disease prevention at different stages

of fish life cycle 28
Box 3. Areas of uncertainty in the use of

introduced and newly domesticated species 50

COASTAL ZONE MANAGEMENT PROJECT

Tables
Table 13. Frequency of A-, B- and C-survey

depending on farm production size 63
Table 14. Frequency of A- and B-survey at
the site (local impact zone) in relation

to impacts at the site (site conditions). 64

Table 15. Frequency of A-, B- and C-survey to be
undertaken depending on farm cycle 64
Table 16. List of suitable criteria for

semi-offshore and in-shore finfih farming

(sea bass, sea bream) 69
Table 17. List of suitable criteria for

offshore tuna farming 69
Table 18. List of parameters for shellfish

farming (by A. Frankic as presented in

Frankic, Guidelines for sustainable

aquaculture development, CZMP project

contribution, following Spencer) 69
Table 19. Water quality for shellfish farming

(by A. Frankic as presented in Frankic,

Guidelines for sustainable aquaculture

development, CZMP project contribution,

following Spencer) 70
Table 20. Example of management issues,

options and outcomes in aquaculture

suitability siting 71

Table 21. Relation between aquaculture and
other users of coastal areas 74
Boxes

Box 4. Certain steps to be carried out to reduce

the negative impact from organic material

and nutrients from fish-farms (cages) 51
Box 5. Possible suggestions for EIA study

contents (adapted from PAP/RAC, 1996) 52

——



guidelines 26062006.gxp 5.7.2005 0:51 Page 77 $

©00000000000000000000000000000000000000000000000000000000000000000000000000

Box 6. Variables often used to monitor the Box 9. Overview list of environmental indicators
ecological effects of coastal aquaculture that should be considered but are not
wastes (GESAMP) 57 limited for aquaculture planning, zoning
Box 7. Overview of aquaculture-specific and site suitability selection 66
monitoring parameters and characteristics Box 10. Suggested database requirements
for which data may be collected 58 (from: PAP/RAC, 1996) 67
Box 8. Indicators commonly used in the water Box 11. Suggested distances between marine
quality monitoring programs 59 aquaculture activities 70
Figures
Figure 1. Cost of the main resources (land, Figure 3. MOM system (Modelling-Ongrowing-
water, energy) as related to various Monitoring), a Norwegian system 55
culturing systems. 21 Figure 4. Flowchart for aquaculture planning
Figure 2. Preferred temperature (°C) and salinity and integration, a suggestion for
(ppt) under which gametogenesis occurs in procedure 75

several species of molluscs related to

Adriatic conditions.

Mg-Mytilus galloprovincialis;

Oe-Ostrea edulis;

Cg-Crassostrea gigas;

Td-Tapes decussatus;

Ht-Haliotis tuberculata 25

Zagreb 2005
_Lagreb e 77



guidelines 26062006.gxp 5.7.2005 0:51 Page 78

GUIDELINES to marine aquaculture planning, integration and monitoring in Croatia

©0000000000000000000000000000000000000000000000000000000000000000000000000

78 COASTAL ZONE MANAGEMENT PROJECT




