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Executive Summary

The hedth and sustainable use of coastd and ocean resources are of critica importance
given ther role in food production, economic activity, genetic biodiverdty and recregtion.
In addressng costd management and aguaculture it is essentia to strike a balance between
the need for economic development and the need for naturd resources conservation within
the same management plan. Therefore, Integrated coastd management and sugtainable
aquaculture development in the Adriatic, indudes careful condderation of a multiplicity of
parameters and their interactions. Adequate policy addresses the resolution of potentia
conflicts, which is often hindered by lack of information or gppropricte methodologies.
Panning for sudainddle uses is a process that comprehensbly and holigticdly andyses
idands and coastd systems. natura resources conditions, human uses and socio-economic

aspects.

Around the world, examples of sugtainable aguaculture have proved to be a revitdizing
economic force in a number of rurd and coadstd. In such communities, however, the
introduction of aguaculture into aress traditiondly used largdy for commercid fisheries
and a vaiety of recregtiona activities have sometimes coincided with impassoned user
group conflict. To overcome this issue a planned, baanced and inclusve community
goproach to rurd economic and socid development is required. Through effective
research, development, monitoring and incentive programs that mantan ecosysem
integrity and badance human vaues economic development can be ataned in an
ewvironmentdly and soddly sudainable manner. Therefore, ineviteble process  of
globdization might become more sudainadle if the loca level deveopment becomes more
sf-sugtainable, within the capacities of its natura and cultura resources.

Practitioners have discovered that sustanable aguaculture must not only maximize
benefits, but dso minimize accumulation of detriments, as well as other types of negdive
impacts on naturd and social environment.  Aquaculture can be developed in ways that do
not degrade coastd and marine biodiversty. One possble solution is integrated, multi-
species agueculture or ‘polyculture’. It is based on the harmonious stocking of different
vaidies of fish species a different levels of population, usng an underganding of the
production cycle and energy flow through the selected natura habitat.

The proposed vison for aguaculture development in the Adriatic is based on the approach
that ‘the environment sets the limits for sustainable development’, which should be used
for any other coastd, marine or idand activity and resource use. Aquaculture development
has to be advanced in a manner that is environmentaly responsble and sustainable,
protecting the qudity of the environment for other users, while it is equdly important for
society to protect the qudity of the environment for aquaculture. Adherence to both aspects
requires effective and trangparent research, adaptive management, monitoring,
enforcement and incentive. The  Government-gpproved  and  industry/stakeholders-led
‘Environmental Codes of Practice and Nationd Aquaculture Plan will support this
gpproach through the Integrated Coastd Zone Management implementation.
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Finding suitable stes for aguaculture in the marine and coastd environment is one of the
most critical chdlenges facing this indusry. The most important dep is to identify the
environmental conditions necessary for aguaculture activities to succeed. Determination of
qitability for agueculture involves an evaduation of naturd and anthropogenic limitations
of a cetan aea in order to decide if the locdity can support the activity. Developed
protocols for aguaculture (as well as any other coastd activity) can be used as
environmentd qudity sandards that will help guide and control activities within certain
environmentd limits. If aguaculture requires an excdlent water qudity and certain type of
environmental  conditions, than this activity should adso mantan this environmenta
qudity within edablished environmenta qudity standards. Ultimatdy, through guidance
of monitoring programs (environmental and socio-economic), better information can be
incorporated into the andyticad protocols. This will improve evaduations, and complete the
feedback loop for the planning of ICZM and sustainable aguaculture devel opment.

The man outputs and results of integrated GIS (Geographic Information System) dte
auitability andyss for agueculture are edtablished aguaculture dte suitability criteria with
map portfolio of suitable Stes for aguaculture, and coasta management action plan with
identified issues, possible options and recommended scenarios.

Management choices will be required when certain activiies can appear in the same
locations based on suitability andysis of the area (eg aguaculture vs tourist beach area, vs
maring). In these ingtances, choice has to be based on environmenta requirements for the
activity and the aectivity's interaction with the environmenta resources (impact assessment,
EIA). Fra priority should be given to the activity with the highest environmentd
auitability levd and the lowest adverse impact on the respective land/water ecosystem.
Implementation and find decison-meking must incorporate  socio-economic  suitability,
and culturd factors. Involving the community in the planning and decison-making process
IS an important step toward acceptability and success of the coastd management project.
The use auitability and use conflict andyses support the interdisciplinary aspects of ICZM
planning, and decison-making processes addressng where, how and why aguaculture or
any other activity will mostly succeed in sustainable manner.
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I ntroduction

This report discusses development of responsible aguaculture in the Republic of Croatiaas
part of the integrated coastal zone management and sustainable devel opment of marine,
coagtd and idands naturd and human resources. Based on literature review examples of
aquaculture development and its congtraints are presented, as well as possible solutions and
recommendations. In addition, one attachment document provides brief summary
information regarding Mediterranean lessons in aquaculture practices, while second
document provides draft guidelines for sustainable aguaculture development in Croatia.
Report is acontribution to the project ‘ The Integrated Coastal Zone Management for
Croatia with special focus on aquaculture’, administered by the Ministry for Agriculture,
Forestry and Fisheries, the Government of Croatia.

Vision statement

Aquaculture development hasto be advanced in a manner that is
environmentally responsible and sustainable, protecting the quality of the
environment for other users, whileit isequally important for society to
protect the quality of the environment for aquaculture. Adherenceto both
aspectsrequir es effective and transpar ent resear ch, adaptive management,
monitoring, enfor cement and incentive. The Gover nment-approved and
industry/stakeholders-led ‘ Environmental Codes of Practice’ and National
Aquaculture Plan will support this approach through the Integrated

Coadgtal Zone M anagement implementation.
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Background - Aquaculture Industry

Landings from worldwide aquaculture have been increasing rapidly in the last decade,
approximately 10 to 15 percent per year depending on the reference sources. According to
FAO 2002, total aguaculturein 1996 was 26.7 million tons, and in 2001 increased to 37.5
million tons. The rapid growth was due to the combined effects of an increasing world
population, decreasing catches from traditiond fisheries (Caddy and Griffiths, 1995; Pauly
et a, 2002; Mayers, 2003), and changing consumer preferences in developed countries
(Tacon, 1997; Lem and Shehadeh, 1997).

Landings from the marine environment in 1996 accounted for 51% of total world
aquaculture output. Although the proportion of tota aguaculture production by weight and
vaue originating from marine watersin 1996 is high (17.5 million metric tones), over 90%
of mariculture production is till centered on primary users of nutrients (e.g. aguatic plants
and filter feeding invertebrates) and only 7% for mainly carnivorous finfish species (FAO,
1998). Moreover, when aguatic plants are excluded from the marine environment totd,
about 86% of the contribution of totd finfish and shellfish production originates from
filter-feeders such as mussdls, oysters, scallops and cockles. Predominant use of plants and
filter feeders in mariculture may aso contribute to minimizing the levels of nutrient
enrichment of coagtd waters resulting from other human activities and resource uses
(FAO, 1998; Stickney et a, 2002).

Despite rapid growth trends, aquaculture development continues to be hindered by a
number of congraints. These include limited suitable Sites, concerns regarding negetive
environmenta impacts, and multi- use conflicts (Goldburg and Triplett, 1997). One

problem is an intensive use of the natura coastd habitats and ecosystems for monoculture
technology, which when exceeds the * carrying capacity’ of the area, might cause
environmental degradation, disease outbreaks, and reduced growth (e.g. coastal mangroves
devadtation by pond aguaculture of tiger prawns, Binh et d, 1997; Treece, 2002;
Davenport et d, 2003).

Anacther mgor problem is aguaculture s contribution to the globa issue of farming up the
food chain by using industrid fishing products to increase production (Pauly et d, 2001,
Pauly et d, 2002). According to the long-term study by Meyers and Worm (2003), 90
percent of dl large fish in the world's oceans are gone, and just 10 percent remain after
commercid fishing vessals have taken their toll over the past 50 years. The scientists say
thereis an urgent need to attempt fisheries restoration on agloba scale. Fish stock
depletion not only threatens the future of the fish biodiversity and the fishers that depend
on them, it could aso bring about a complete reorgani zation of ocean ecosystems, with
unknown globa consequences. The fishing nations must reduce quotas, reduce overdl
fishing effort, cut subsidies, reduce by-catch, and creste networks of marine reserves,
Marine protected areas (MPAS) with no take reserves at their core, combined with a
limited efforts in the remaining fishable areas, have been showing postive effectsin

hel ping to rebuild depleted stocks (Roberts et a, 2001; Mosquera et a, 2000). On the other
Sde, sustainable aguaculture development should be able to support global food need
without depleting naturd fish stocks and biodiversity.
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Carnivorous fish farming, like sdlmon trout, marine fish, shrimp and tilapia, consume more
fish meat than they produce. Producers of finfish feeds are improving the chemicdl,
nutrient, and physica shape and structure of food for finfish. Field observations report
ggnificant reductionsin accumulations of unused food suffs; indicating that culture
enclosures can be towed to other grow out aress, dlowing improvement in the origina
benthic habitats, by reducing organic buildup, eutrophication, and hypoxia (Stickney et dl,
2002). Japan developed a new type of feed using subgtitute protein such as soy been cake,
corn gluten ingtead of fist+medl, and achieved feeding efficiency gpproximately 10-15%
less than origina feed (Morikawa, 1999). However, the appearance of the finfish color,
taste and quality fresh meet was better than the fish reared on fresh fish feeds. Reducing
the quantity of omega 3 ails in feed production and subgtituting some of the current fishall
content with vegetable oils (rape seed, linseed, pam oil) would make fish farming more
sugtainable. In that way the production of omega 3 in the sea by not over fishing current
stocks of industrid fish will be secured (Sargent, 2003). This appliesin fish farming of
salmon, trout and freshwater fish. In addition, N losses can be reduced by more than 50%
in sea bass through adjustment of feed delivery according to the fish needs (Bonjard,
2003). This gpproach contributes to avoiding sea pollution as well as to more efficient and
sudaineble utilization of marine living resources. One of the tasks dtill remaining in the
aquaculture industry isto determine how to prevent pollution of rearing waters by artificia
feed!

One possible solution to avoid and lessen aguaculture impacts on the environment, is
extensve and balanced ‘ polyculture’ - an integrated fish farming practice adopted over
4000 years ago in China, and over 1500 years ago in Hawaii (Chang, 1987; Costa- Pierce,
1987; FAO, 2000). Polyculture techniques mix fed species (e.g. finfish, shrimp),
herbivorous species and extractive species (filter feeders, such as shdllfish, and seaweeds)
in amore baanced ecosystem-approach aquaculture (Naylor et a, 2000; McVey et d,
2002; UNEP, 2002; Davenport et a, 2003). While polyculture has not been implemented
to any great extent, it may offer opportunities for reducing or transferring nutrient loads.
Ecosystems are inherent recyclers of energy, and can provide the resources humans need as
long as critical processes are left undisturbed. Ecosystems, dthough frequently described
as“fragile’, have remarkable powers of resiliency. Aslong as basic processes are not
irretrievably upset, ecosystems will continue to recycle and distribute energy. A hedthy
functioning ecosystem not only sustains itsdlf, it also sustains local communities, regiond
economies and resource based industries, in this case aquaculture. This suggests that
drategies and guiddines for sustainable management should focus on maintaining

reslience and hedthy functioning of coastd and marine ecosystemns (Scheffer et d, 2001).

Without proper management of al components within the ecosystem, the viahility of the
ecosystem is threatened. However, since there is no consensus regarding the concept of
sugtainable development, no base exigs for establishing criteriafor attainment. Frequently,
asngle-issue gpproach to ocean and coastal management creates overlapping and
uncoordinated laws and jurisdictions that result in conflict and increasing ineffectiveness
with increasing coadtd activities. Therefore, sustainable development of aquaculture
requires adequate cond deration of interactions among environmenta, social, and economic
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factors that accompany any development (NACA/FAQ, 2000; WB, 1998; Chua, 1992).
Around the world, examples of sustainable aquaculture have proved to be arevitaizing
economic force in anumber of rurd and coastal communities — areas where sustainable
economic development is often difficult (FAO, 2000; Stickney et a, 2002; Davenport et d,
2003). In such communities, however, the introduction of aguaculture into aress
traditiondly used largely for commercid fisheries and avariety of recregtiona activities
have sometimes coincided with impassioned user group conflict. To overcomethisissue a
planned, balanced and inclusve community approach to rurd economic and socid
development is required. Through effective research, development, monitoring and
incentive programs that maintain ecosystem integrity and balance human vaues, economic
development can be attained in an environmentally and socidly sustainable manner.

Background - Integrated Coastal Zone Management (ICZM)

Sugtainable development of coastdl aresas can be achieved through ICZM implementation
processes. ICZM isadrategy or framework to be implemented a the community level and
a nationd leved (COM, 2000). However, after thirty years of costd management planning
we have not identified smple, effective, and widely applicable modds. The most
gppropriate approach will depend upon awide range of locd factors, including available
skills and resources, the urgency of the problems or opportunities, and the nature of
exigting planning and development frameworks.

Croatianeeds an ICZM plan that will help combine dl agpects of human (socio-economic),
physica and biological factors within a angle coasta management framework. One of the
main aspects and gods of this project isto emphasize holistic and interdisciplinary
gpproach in careful planning and management of al sectora activities. This approach
should smultaneoudy result in grester overdl benefits than just pursuing sectord
development plans independently of one another (e.g. agriculture, tourism, aguaculture,
fisheries, education). Idands and coastal ecosystems sustainable development srives to
maintain or restore a baance between natural and human environments. Therefore,
sugtainable devel opment will involve management in time and space of the congtant
interactions between ecologica and economic, and socid and naturd variability,
supporting co-existence of ecosystems and lifestyles side by side. Naturd and culturd
components of the coastal and idands heritage are inseparable and could not be addressed
independently of each other, neither in development planning or conservation efforts.

ICZM plan for sustainable devel opment includes careful consderation of a multiplicity of
parameters and their interactions. Adequate policy addresses the resolution of potential
conflicts, which is often hindered by lack of information or appropriate methodol ogies.
Panning for sustainable uses is a process that comprehensibly and holisticdly andyses
iIdands and coastdl systems: natura resources conditions, human uses and socio-economic
aspects. Socio-economic sector conflicts can be managed smply by controlling where
certain activities are undertaken (e.g. different types of agriculture, tourism, aquaculture,
fisheries, etc), but sustainability can only be attained when environmenta conditions are
appropriate. This means that choices should be based on environmental requirements and
suitability for the activity and the activity’ s interactions with the environmenta resources.
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Site suitability assessment and implementation adso must incorporate socio-economic, and
culturd factors. Although, the Croatian Government has the responghility to determine the
appropriate balance of resource preservation and utilization of coastal, marine and idands
ecosystems, decisions should be based on interests and participation of the local
communities. Therefore, important parts of the ICZM process are actions & the loca level.
All stakeholders must be able to participate in the planning processto ensurethet it isas
equitable as possible, and that they understand the connections between different eements
of the process and understand how their actions can contribute to the achievement of the
common good or vice versa (Frankic, 1998).

Although the ICZM plan does not yet exist for the Croatian coast and idands, one
successful attempt was done in 1996, when METAP funded the Environment Management
Plan for Cres-Lognj archipelago. However, it was never implemented. Recently, the
Croatian Government, the Minigtry for Environmenta Protection and Physicd Planning
(MEPP) and Minigtry for Agriculture, Forestry and Fisheries (MAF) initiated devel opment
of the Magter plan for ICZM, which will be based on the EU strategy for ICZM, adopted
on September 27 2000 (COM/2000/547). The EU Strategy addressed coastal zones
serious problems of habitat destruction, water contamination, coastal erosion and resource
depletion. This depletion of the limited resources of the coasta zone (including the limited
physica space) isleading to increasingly frequent conflicts between uses, such as between
aquaculture and tourism. Coadta zones aso suffer from serious socio-economic and
culturd problems, such as weakening of the socid fabric, margindization, unemployment
and destruction of property by eroson. Given avaue and diversity of physica, economic,
cultural and inditutiona conditions, the EU ICZM Strategy is calling for response that
must be aflexible srategy focused on addressing the red problems on the ground. An
integrated, participative territorial gpproach isrequired to ensure that the management of
coadtd zonesis environmentaly and economicaly sustainable, aswell as socidly

equitable and cohesive. Therefore, the Commission has been vigoroudy promoting ICZM,
ensuring that policies and legidations are compatible with ICZM, promoting didogue
between stakeholders and developing best practices and disseminating information to
public (COM, 2000). The god isto build on existing instruments and programmes, many
of which were not concelved exclusively for the coasta zones. These will be
complemented by certain new activities, particularly with regard to the devel opment of

best practices, multidisciplinary efforts and information diffusion.

Review and survey in 2000 stated that the problemsin some Croatian coastdl aress are:
demining, unemployment, negative birth rate, non-existence of economic subjects,
unorganized agricultura production, reconstruction and return of population (source:
Ministry of Public works, reconstruction and construction). Regarding idands, severd
other problems can be added: insufficient water supply, insufficient traffic connection with
the mainland and between the idands, non-existence of solid-waste depots and sewage-
systems, deficient education, and insufficient health services (source: Nationa Program for
Idand Development, and the Law on Idands, April 1999, Ministry of PWRC). In order to
address these complex issues, planning for sustainable uses must be a process that
comprehensbly and haligticaly andyzes idands and coastd systems. natural resources
conditions, human uses and socio-economic aspects.
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A consensus set of integrated coastal management guidelines

(Source: Cicin-Sain & Knecht, 1999)
Theaim of ICM isto guide coastal area development in an ecologically sustainable fashion.
ICM isguided by the Rio Principles with special emphasis on the principle of intergenerational
equity, the precautionary principle and the polluter pays principle. ICM is holistic and
interdisciplinary in nature, especially with regard to science and policy.
ICM strengthens and harmoni zes sectoral management in the coastal zone. It preserves and protects
the productivity and biological diversity of coastal ecosystems and maintains amenity values. ICM
promotes the rational economic development and sustainable utilization of coastal and ocean
resources and facilitates conflict resolution in the coastal zone.
ICM programme embraces all of the coastal and upland areas, the uses of which can affect the coastal
waters and the resources therein, and extends seaward to include that part of the coastal ocean, which
can affect the land of the coastal zone. The ICM programme may also include the entire ocean area
under national jurisdiction (Exclusive Economic Zone), over which national governments have
stewardship responsihilities both under the Law of the Sea Convention and UNCED.
Overcoming the sectoral and intergovernmental fragmentation that existsin today’ s coastal
management effortsisaprime goal of ICM. Institutional mechanisms for effective co-ordination
among various sectors active in the coastal zone and between the various levels of government
operating in the coastal zone are fundamental to the strengthening and rationalization of the coastal
management process. From the variety of available options, the co-ordination and harmonization
mechanism must be tailored to fit the unique aspects of each particular national government setting.
Given the complexities and uncertainties that exist in the coastal zone, ICM must be built upon the
best science (natural and social) available. Techniques such as risk assessment, economic valuation,
vulnerability assessments, resource accounting, benefit-cost analysis and outcome-based monitoring

should all be built into the ICM process, as appropriate.

What does ICZM mean for aguaculture? It means that the only way toward sustainability
and longevity of aguaculture devdopment isif it will have a positive impact on the coastd
zone and adjacent sectors. For example, aguaculture has to have a positive impact on
tourism development, supplying fresh and hedlthy seafood; securing jobs and seafood for
locd communities, and a the same time providing stock enhancement of depleted fish
species. It dso means that the precautionary principle and policy initiatives such asthe
Strategic Environmental Assessment Dir ective will guide future decisonmaking
processes. Effortsto integrate aguaculture into coastal management can contribute to
Improvements in selection, protection and allocation of sites and other resources for
existing and future aquaculture developments (FAO/CCRF, 1999).

Sustainable Aquaculture Development & ICZM

“Sugtainable devel opment is the management and conservation of the natura resource base
and the orientation of technologica and inditutional change in such amanner asto ensure
the attainment and continued satisfaction of human needs for present and future
generations. Such sugtainable development (in agriculture, forestry, fisheries sectors)
consarves land, water, plant, and animal resources, is environmentally non-degrading,
technicaly appropriate, economicaly viable, and sociadly acceptable.” (Code of Conduct
for Responsible Fisheries- CCRF, FAO, 1995).

10
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Sudtainability refers to the ability of a society, ecosystem, or any such on-going system to
continue functioning into the indefinite future without being forced into decline through
exhaustion or overloading of key resources on which that system depends. In generd, the
concept of sustainable development is smple and important, but trandating it into pecific
dandards or criteriais difficult, often subjective and misused. Although many specific
sugtanahility criteria have been proposed thereis no single universally agreed criteria set.

In ng the sustainability of any industry, enterprise or technology, congderation
should be given to &t least the following:

the sustainability (or continuity) of supply, and qudity of inputs

the socid, environmenta and economic costs of providing the inputs (e.g. depletion of
resources elsewhere)

the long term continuity (or sustainability) of production

financd viability

socid impact and equity

environmenta impact, and

efficiency of converson of resourcesinto useful product (Penmen and Bell, 1994;
Scialabba, 1998).

VVVVYVY VYV

When defining sustainability we must be clear what the objective of the definition is, and
come to aconclusion of what it meansto a particular concept, in this case different types of
aguaculture practices. Sustainability can only be attained when environmentd conditions
are gppropriate and maintained, and this includes ecologica, socio-culturd and economic
aspects of environment. Therefore, any activity, use or practice, in this case aguaculture
development, should comprehend and include the following Sx generd steps of

sustai nable resource management (Frankic and Hershner, 2001):

1. Environmenta Resource Assessment — Inventories of marine, coastal and idands naturd
and human resources are a necessary first step for successful management programs. To
enhance resource development cagpabiilities, a country/local community should acquire and
maintain a comprehensive inventory of the physical and biologica resources of the coastd
areaaswell asthar uses and users. Theinventory will provide a database for making
decisions about long-term god's, such as ecosystem preservation, that might conflict with
immediate development of aguaculture. Thisfirst step is necessary for ng the coastal
zone vulnerability to various activity impacts, and it provides one of the basic requirements
for development of an integrated coastal resource management program. Environmenta
resource assessment has to include along term and in depth research studies of organisms
that are being cultured or are intended for culture, aswel as understanding of utilized
ecosystems biocomplexity and hedthy functioning.

2. Environmenta Impact Assessment — Information about the impact aquaculture (or any
other activity) will have on the environment must be provided in a clear form to decision
makers and stakeholders. Impact assessments should be incorporated in each phase of
aquaculture development projects. It also hasto present clear options for the mitigation of
impacts and for environmentally sound management. Impact assessment should be based
on the best available knowledge and provide timely technica information to environmenta

11
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decison makers while acknowledging uncertainties. The most important development in
the environmenta decision process in the last decade has been the inclusion of
environmenta impact assessments by regulatory managers (Power and Adams, 1997).

3. Policy Framework and regulatory measures—Thisisabasic toal for training and
educating, as well asfor local community participation in decisorn-making processes. The
policy statement should declare the intention of a state/nation to review and regulate, in
this case aquaculture activities affecting the sustainable use of the coasta renewable
natural resources (PAP, 1996). Formulation of a policy framework for coastal and marine
management must address cross-sectoral issues that infringe on coastal resource
management and nationa development planning. The basic gpproach isto review and
andyze exiging inditutiona and legadl mechanisms (including regulations and

enforcement) for integrated coastal and marine management and aquaculture devel opment
potential. Based on this review, the country should propose a generic indtitutional and
legidative framework to address coastd issues and encourage integrating aguaculture in
the coastal zone management plan. Through a series of application scenarios, the policy
framework will become abasic toal for training and educating decision-makers, resource
managers, scientigts, stakeholders, and the public in generd. In addition, comprehensive
policies and indtitutiona legal frameworks should recognize the potential benefit of
traditiona tenure and management systems, and ensure thet they are incorporated into the
rules and regulations for conservation and sustainable use, where rdlevant (WWI, 1995).

4. Socio-culturd and Economic assessment - important component of a systematic,
integrated assessment of coastal resources for any type of uses. It has to provide a socia
and economic framework from which differing adaptation strategies (solutions) can be
studied (WB/GEF, 1996). In a process of use conflict anaysis and assessments of
aternatives, decison-makers should be provided with information on how each option
compares in respect to the relative costs and benefits for each e.g. aquaculture type impact
(Sorensen and West, 1992). Identification of the full range of reasonable aternatives to
resolve a conflict anong competing interests means that no feasible options for
maximizing benefits and minimizing costs have been missed (Edwards, 1999). Therefore,
successful sdlection of suitable locations for aguaculture and the long-term maintenance of
gte suitability require accurate assessment of both existing conditions and probable trends
in environmenta, socid, and economic factors.

5. Implementation - The success of a coastal resource management program is based on the
country’ s ability to understand how an effectively established program manages natura
and human coadta resources. It is necessary to establish monitoring and evauation of land
use decisons and changes in coastal resources aswel asin their integral uses. The basic
question of an implementation strategy is how to apply science, and develop and
implement best management practices (BMPs) for aquaculture or any other activity?
Comprehensve BMPs should be alike a‘living document’, open to revisons and
expansion (Frankic, 1998). Established BMPs provide consistent nationd standards and
practices for implementation of different types of aquaculture in the coastd areas. They
provide a base for successful monitoring and control, strengthening environmenta
protection and sustainable aguaculture development in the coastal areas. Aquaculture and

12
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other coadtal indudtries, agencies, and environmenta organizations have recognized the
need for BMPs. BMPsfor site planning and for ICZM provide opportunities for early
intervention and collaborative review of new activities. By publishing standards and god's
in advance of the submission of plans by a private developer, for example, will provide
guidance before mgor investments are made in Ste development (e.g. for marinas,
mariculture, hotels, ports, protected aress, etc). Standards (environmental, socidl,
economic) provide objective measures (indicators and criteria) that can adso be used by
communities and environmental NGOs to question specific ements of aquaculture
development proposals, aswdl asto award if it is environmentally sound and sustainable.

6. Monitoring and evauation— Monitoring means acquisition, management, synthesis,
interpretation, and andyss of data with an emphasis on tempord and spatid scales. It
should be coupled with research programs designed to improve the gppropriateness of
routine measurements and alow interpretations of the implications of monitoring results
(NAS, 1990). A useful monitoring program provides mechanisms to ensure that knowledge
IS used to convert data collected into useful information. In addition, the purpose for
monitoring implementation of aquaculture practices isto assure that the mgor policies
(gods, comprehensve plans, and agency authorities) are properly implemented.
Monitoring will assess the cumulative effects of changes and assure that management
program elements for aguaculture are updated to reflect changing needs and circumstances,
conggtent with its basic requirements. It will provide multidisciplinary datafor a

“feedback loop” evauation of our activities and their impacts on naturd and human
resources. This gpproach isamust for agenerd evaluation of the aguaculture success or
falure in achieving its overal objectives of balanced development and resource
preservation (Center, 1993; Oregon CMP, 1997).

Practitioners have discovered that sustainable aguaculture must not only maximize

benefits, but dso minimize accumulation of detriments, aswell as other types of negative
impacts on natural and socia environment. One of the early lessons learned has been that
increasing the dengity of organismsin a culture operation results in sgnificant waste

disposa problems, specificaly intensive culture of carnivorous fish and pravns risks
organic pollution from uneaten food or faeces (Brooks et al, 2002; Davenport et al, 2002).
Thisresultsin a potential degradation of the environment and aloss of suitability for the
culture practice. Determination of suitability for aquaculture involves an evauation of

natural and anthropogenic limitations of a certain arealin order to decide if the locdlity can
support the activity. The carrying capacity for aquaculture is defined as the maximum
number of marine species that can be supported by a natura or man-made resource without
producing negative environmental consequences to thar future activity, productivity and
quality (PAP/RAC, 1996). It isaso referred as ‘ environmental capacity’ (absorptive
capacity or assamilative capacity), which in practice represents the rate at which nutrients
are added without triggering eutrophication; or the rate of organic flux to the benthos
without mgjor disruption to natura benthic processes (GESAMP, 2001).
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Generd management controls for the aquaculture farming areas are based on GESAMP
(2001) (see Attachment 3 for details), and inlcude:
- environmenta controls relaing to carrying capecity;
- environmenta controls relating to monitoring (water quality, benthos, shellfish
growth);
- contral of chemicas (must comply with legd requirements);
- control of waste disposd;
- disease controls;
- visud controls to reduce visua impacts (esthetics);
- access contrals,
- other controls, e g. related to other legal requirements (such as predator control, and
other environmental management legidation).

Regarding socio-economic, human considerations: “ States should promote
responsible aquaculture practicesin support of rural communities, producer
organizations and fish farmers.” (CCRF Article 9.4.1) Responsiilities for
sustainable aguaculture devel opment needs to be shared among government authorities,
aguafarmers, manufacturers and suppliers of aquaculture inputs, processors and traders of
aquaculture products, financing ingtitutions, researchers, specid interest groups,

professional associations, non-governmental organizations, and others (FAO, 1997).

A magor task isto generate commitment for congtructive dialogues and effective

collaboration, among partners in aguaculture development, at locdl, nationd, and

international levels when consdering Adriatic region.

Socio-culturd consderations should address. concept of advantage and incentive (e.g.
informa cost-benefit andyss); information input and education of targeted loca
communities regarding aquaculture practices; introduction of aquaculture technologies that
meet the traditiona work patterns of targeted population (explaining step by step process
of aquaculture operationa development including market demand); direct involvement of
local community in trid operations, presenting them with tangible evidence that they can
successfully operate aquaculture projects (Pollnock, 1991).

Adriatic Aquaculture

Adriatic region has about 1,200 idands, 48 idands are permanently inhabited, and 100 are
occasiondly inhabited, with average idand settlement of 417 inhabitants (see Attachment
1). Idands have experienced profound demographic and environmental changes over the
past decades, due to the war and post-war circumstances, decline of socio-economic
opportunities (education, employment, hedlth care) and higher leve of poverty. The natura
and culturd heritage has been increasingly neglected, disntegrated and forgotten, causing
imbaance and threat in once maintained harmony between naturd and traditiond life and
customs. Underutilization on one sde and unsustainable use of resources on the other,
proverbid lack of labor force, and idands isolation, caused deterioration of economic
development which should be based on traditiond agriculture, fisheries, aguaculture.
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However, aguaculture if developed in responsible and sustainable way, has enormous
potentia benefit for both socio-economic and natura resources in the Adriatic area,
paticularly theidands. The basic initiative should include development and
implementation of the National Codes of Practice for responsible aguaculture and fisheries
plan (FAO, 1999).

In the Adriatic Sea, the mgority of cultured marine fish species are grown in cages. These
are square, floating frames of surface area 8 - 50 M2 with nets suspended into the water
column to contain the fish (PAP, 1996). According to present trends and experiencesin the
Adriatic and north Mediterranean, shdllfish mariculture include oysters (Ostrea edulis),

and Mediterranean mussdl (Mytilus galloprovincialis) (Heral and Prou, 1994; Hrs-Brenko
and Filic, 1973). Current production of shdllfishisonly about 4.500 M T/year, while for
example Irdand production of mussels and oysters (Crasostrea gigas) is 23.210 M T/year!
Fish farming in floating cages include mainly sea bass (Dicentrarchus labrax), and sea
bream (Sparus aurata), producing only about 2.700 M T/year based on fry stock (Benovic,
1997; Franicevic and Katavic, 2001; Katavic and VVodopija, 2001).

Water quality isthe most important factor for aquaculture development (aswdll as other
coadtd activities). Globally, nitrogen pollution is widespread in coasta waters and
estuaries. Excess nitrogen in the environment degrades air qudity, disrupts forest growth,
acidifies lakes and streams and starves coadtal waters of oxygen (Bioscience, April, 2003).
Adridic seaisin generd alow productive, oligotrophic sea, but it is more productive
aong the coast and in the area of channels than in the open sea. The low leve of organic
production in the Adriatic Seaisaresult of alow content of nutritious sdtsin water, of
phosphorus and nitrogen in particular (see Attachment 1). As a consequence, shellfish
farming islikely to be redtricted to areas where nutrient levels are increased due to run-off
carried from the land by rivers (eg. Mai stone bay and Limski channd). However, dueto
various specific influences Northern Adridic is consdered a highly productive region, one
of the most productive in the Mediterranean Sea, causing algal blooms and eutrophication
that in recent years gppeared even dong south Dalmatian coast.

Shdllfish aguaculture development has a huge potentid in the Adriatic region, both
ecologicaly and economicaly (see Attachment 2 for Mediterranean examples). Mus
filtration enhances the grazing pressure on the phytoplankton community and harvesting of
the mussels represents an export of both carbon and nutrients. However, reatively littleis
known of the effects of longline mussel farming on benthic ecology, microbid
minerdization and nutrient dynamics (Chrisensen et a, 2003). The mussdl production has
adgnificant loca impact on benthic microphyte and infauna composition aswel ason
oxygen and nitrogen cydling. Conditions of locaized enrichment can arise through
excretion of dissolved inorganic nutrients into the water column and increased
sedimentation of organic materia below the farmsin the form of faeca and pseudofaeca
materias, dead mussels and associated epibiota. Sedimentation rates have been reported to
be two to three times higher undernegth the mussel farms compared to ambient rates
outside the farms (Dahlback and Gunnarson, 1981; Grant et a., 1995). Natura aguatic
systems have a built in capacity for handling nutrients, for example, denitrification
processes in Norwegian fjord can generaly remove 50% of the nitrogen loading from the
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land (Chrigtensen et d, 2000). Therefore, the most important is to identify suitable Stes for
shdlfish farms or any other types of aguaculture practices, and provide a detail assessment

for their capacity and quality (Spencer, 2002).

Aquaculture can be developed in ways that do not degrade coastd and marine biodiversity.
Theloss or dteration of habitat becomes a biodiversity effect when it changesliving
conditions for other pecies. Integrated, and extensive sysems will be more sustainable
than intensve monocultures. Integrated, multi- species aquaculture or ‘polycultur€ is
based on the harmonious stocking of different varieties of fish species at different levels of
population, using an understanding of the production cycle and energy flow through the
selected naturd habitat. The result isthat energy flow and transformation are extremely
efficient, and a the same time the negetive effects on biodiversity can be mitigated or
eliminated. Good example is autochthonous organic-based or natura trophic system
mariculture of seaweed (kelp) and raft culture of mussdls or oysters. Such cultures derive
their energy from solar radiation or nutrient sources dready avalable in naturd
ecosystems, having fewer negetive effects on biodiversity.

Example of polyculture in Adriatic archipdago could be a combination of shelfish (eg.
Mytilus galoprovincialis, Ostrea edulis), seaweeds (eg. Fucus virsoides, Laminaria sp.),
sea urchin, sea.cucumber, and finfish (e.g. sea bass, Dicentrarchus labrax), if we add a
suitable species of crabs we have amost the whole food web represented. This approach
uses sustainable aguaculture for conservation in situ, and suggested guidelines are
presented in the Attachment 3. Some other marine examples include grouper and mudcrab
in ponds; milkfish and Sganidsin marine net cage; sea scalops suspended from salmon

net pens; shrimp and scallops; or ezo scalop, Japanese kelp and sea cucumber cultured in
combination with open water mariculture (finfish in net cages) (UNEP, 2002); or mussdls,
sea urchins and Atlantic sdmon (Kely et d, 1998; Stirling, 1995). In Alaskathey are
stocking sea cucumbers in saimon net pens to graze on fish faeces, excess feed and fouling
organisms (Ahlgren, 1998).
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Aquacultur e Sustainable Devalopment — Case Study Procedur es:

1. Deveop qualitative and quantitative criteriafor general aquaculture suitability
protocol, and develop compr ehensive zoning plan that will help identify suitable
aquaculturesitesfor the Adriatic coast and islands based on theinternational and
national environmental standards, policiesand laws;

2. Develop specific aguaculture suitability protocols for each type of existing aguaculture
aswell asfor future potential species (finfish, shellfish, algae, crabs); specifically for
selected project pilot areas (Velebit Channel and Maloston Bay); Prepare EIA for each
type of aquaculture (done for Velebit Ch.)

3. Identify and map sites for potential aquaculture based on: devel oped suitability
protocols; counties spatial/physical plans; land use/land cover data; existing
environmental inventories, mapping and monitoring data; satellite images and aerial
photography; prepare GIS coverages/layers and use |GIS for site suitability analysis and
zoning; output maps will show suitable aquaculture sites based on environmental
suitability criteria;

4. Perform use conflict analysis, which includes identification of current and potential uses
and IGIS modeling; e.g. tourism and recreational activities, nautical tourism, marinas
and ports and other infrastructure, settlements, waste water, agriculture, fisheries,
protected areas, species, habitats (natural and cultural), hunting areas, industries (e.g.
mining, aguaculture); output map will show suitable aquaculture sites based on use
conflict analysis;

5. ldentify al existing and potential management issues; devel op action plans and
management plans for each suggested scenarios for potential aguaculture development;
thiswill be implemented through the Integrated Coastal Zone Management Plan;

6. ldentify all the gapsin existing data that would help guide future scientific research and
decision-making process for the long-term sustainable coastal zone management;

7. Develop National Code of Practice for aquaculture and fisheries.

Aquaculture Site Suitability Analysis

Phase One

Finding suitable Sites for aquaculture in the marine and coastd environment is one of the

mogt critica chdlenges facing thisindustry. The most important step is to identify the
environmental conditions necessary for aquaculture activities to succeed. Based on
extensive literaturereview and present knowledge, the environmental site suitability
indicators (parametersor criteria) for sustainable aquaculture development can be
identified and derived. Examples of aquaculture protocolsfor finfish and shellfish are
presented in Tables1 and 2.

Indicators are key variables that Sgnad change, and can be physicd, biologicd, chemicd,
socid, and economic. They may be directly measurable or caculated from measurements
of anumber of data sets, or derived from other information (derived indicators) (NRC,
2000). In addition, indicators can and should guide policy and help direct scientific
research (Frankic and Hershner, 2001). Internationd, regiona and nationd regulations
related to environmenta quality standards and indicators are well developed for the control
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of water qudity and chemicals, athough further development is required for sediment and
ecosystem quality (e.g. FAO Code of Conduct, ICES — International Council for the
Exploration of the Seq). Environmental monitoring surveys are determined by country’s
environmenta quaity objectives (EQO) and environmenta qudity sandards (EQS).
Application of environmental indicators have reduced point source of pollution, and
provided public access to beaches, while just recently more attention is devoted to
indicators for ICZM performance and sustainability in coastd planning (UNESCO, 2003).
Environmenta surveys should use the best avallable practices and technologies for the
environmental monitoring of impacts and modding of carrying capacity at farm Stes
(Frankic, 1998). However, multiple criteriaanadysis must be consdered when determining
the suitability of asite for different types of aguaculture. Hence, examples of socio —
economic indicators in coastal management and aguaculture development are rare
(UNESCO, 2003). In generd, the larger the number of indicators evaluated, the more
comprehensive the assessment of potentia aquaculture development will be (Rodgers,
1997; PAP/RAC, 1996; Ross et al, 1993; Kapetsky et a, 1990; lbrekk et a, 1991).

Phase Two

The main objective is to develop GIS maps of environmental indicatorsrequired for
potential aquacultur e sites. Aquaculture Sites have requirements for space on water and
land. Determination of suitability involves an evauation of natura and anthropogenic
limitations of a certain areain order to decide if the locality can support the activity
(Hershner et d.1999). Theinitid phase of a suitability evauation includes classfication of
current environmental conditions, identification of existing and possible future congtraints,
and assessment of compatibilities and incompatibilities between resources and human
activities (PAP, 1996).

Deve oped aguaculture protocol (from Phase one) will help the process of sdlecting
environmentaly suitable aquaculture areas using integrated GIS analysis and modeling
(Ross et al, 1993). GIS provides managers with atool for recording and viewing
environmenta data over space and time. Thisincludes spatid andysis (aerid photos and
satellite images) that is useful in overlaying possible zoning schemes onto current land use
and land cover. Ideal data sets have parameters for physio-chemicd, biologicd, palitica or
adminidirative, and socio-economic data. The data should have, as a minimum,
accompanying information on the time the data were collected, who collected the data, the
method that was used, the units of measurement and a geographica reference point.

This gpproach will dlow integration of GIS coverages (data layers) for eg. temperature,
sdinity, bathymetry, exposure (also consdering wind effectsin bays), water qudity data,
circulation pattern, dope, substrate types, SAV, protected areas, accessibility, etc. (Table 1
and 2; Frankic, 1998). Riparian lands should aso be andyzed usng digitd eevation
models to select areas with lower dope, reduced erosion potential and easier access.
Presence or abosence of submarine springs could be used together with salinity data.
Submarine springs decrease sdinity, often favoring aguaculture activity (Frankic, 1998).
Submerged aguatic vegetation (SAV) areas are unsuitable sites for aguaculture activities,
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because of the high natural resource value of SAV beds (e.g. SAV areas could be used with
200m buffer zone).

Thereis often a case thet idedlly developed aquaculture protocols can not be applied in the
red life, manly dueto the lack of data, or even when data are present they are not
geographicaly explicit and could not be used in the GIS analysis and modeling. Based on
available environmenta suitability indicators, identified suitable aguaculture areas can be
ranked as desirable, desirable with limitations and undesirable; or just as excellent, good
and poor. Examples of GIS maps of assessed existing environmenta data are presented in
Figs. 3-6.

Overview list of Environmental indicator s that should be considered but are not limited for

aguaculture planning, zoning and site suitability selection (based on Frankic, 1998; PAP/RAC,

1996):
- Speciestypes (autochthonous finfish, shellfish, algae, crabs, etc)

- Sdinity

- Exposure

- Depth (bathymetry)

- Currents (velocity, direction, surface, tides and water column mo vements)

- Wind (fetch, speed and direction)

- Coastal topography (slope, geology, pedology)

- Substrate (benthic type and quality)

- Suspended matter

- Trophic status (oligotrophic)

- Water quality (% oxygen, temp, ppt, 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 aguaculture sites (related to pollution, protected species, use conflicts,
etc)

- Accessibility (related to transportation, roads, etc)

- Site carrying capacity or environmental capacity

- Finfish feed quality and quantity (e.g. strict regulation of GMQOs)

Phase Three

After selecting suitable aguaculture areas based on environmenta indicators, the next step
isto perform a use conflict analysis. In this process dl the existing and potentia uses
have to be identified and mapped. The purpose of this andysisisto identify areas that,
athough suitable for aquaculture on the basis of environmental conditions, may be less
desirable due to incompatible uses (tourism, recreetion, fishing, boating, eic.) that are
present or planned. GIS dgorithms have to be developed in order to analyze and model
criteriaand create indices of suitability related to aguaculture Siting.
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The output map will show suitable aguaculture sites based on environmenta and use
conflict andysis.

Examples of identified existing uses are presented in Figs. 7-8. Example of the Site
suitability anadlyssis presented in Fig. 9. Examples of 1GIS use conflict analyss and
modding, resulting in identified suitable Sites for aguaculture is presented in Figs. 10-11.

In addition, examples of identified land uses for aquaculture Site suitability andyssin
Chesapeake Bay, Virginia, are presented with Figs. 14-15. Examples of Ste suitability
andysisfor exiging aguaculture activities for hard clams and oyster in Ch. Bay, Virginia
are presented in Figs. 13, 16-17. Findly, Fig 18 shows dl the aquaculture sitesin Virginia,
while Fig 19 will hopefully present as one of the results of this project, the suitable
aquaculture sitesin Croatial

Phase Four

Now, when we have identified where we could redly place aguaculture activities (based on
both environmenta suitability indicators and use conflict analys's), we have to identify all
possible management issues that could be caused by aquaculture development in certain
area. Thismeans, in our analysis we have to incorporate and add socio-economic
congderations, which sometimes could be presented as a parameter but often have to be
descriptive. In addition, each identified management issue has to be andyzed and

presented with adegquate management options and recommended scenarios. Example of
this phase is presented in the Table 3.

Phase Five

Based on al these findings we can prepare action plans for specific aquaculture activities
at identified most suitable sites. Developed action plans will be part of the Integrated
Coagta Zone Management Plan, and implementation phase will be performed through the
integrated process of CZM. The action plans will include monitoring and evauation based
on environmenta quality standards sdlected from devel oped aquaculture protocols (see
Tables 1 and 2).

Summary of Aguaculture Site Suitability Analysis

1) Optima aguaculture Sites are selected based on environmenta suitability andysis and
GIS modd. Based on literature review and present scientific knowledge, environmentd
suitability criteriarequired for potential aguaculture sites were identified and generic
aquaculture protocols for target shellfish (Table 1) and finfish (Table 2) speciesare
developed. However, often a modified version of the aquaculture protocols have to be
created and applied based on available and spatialy explicit data.
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1) Identification of coastd, marine and land uses and performing the use conflict analyss.
This andyss may include marina aress; resdential; commercia/indudrid Stes; protected
areas and sanctuaries, tourism and recregtiond dtes. Thisandyssincludesidentification
of offshore land uses, where selected optimal sites are adjacent to wetlands, forests, or
grasdands, suitable Stes are adjacent to low resdentia areas and low agricultura lands;
unsuitable Sites are adjacent to high resdentid areas, and commercid/indudtria areas
(Example from Chesapeake Bay is presented in Figs.13-15).

[11) Identification of management issues (Table 3) - socio-economic issues are part of
management issues and include aesthetics, cost benefit andlysis, etc.;

V) Management options (Table 3) - include identification of socio-economic advantages
and disadvantages of established management options (e.g. zones and buffers);

V) Outcome scenarios and recommendations (Table 3) - Find mapsthat will show both
ecological issues and management issues. Questions to answer: Where should aquaculture
be a priority and why? What other uses are alowed around primary aquaculture Sites?
What aguaculture types and capacity is compatible with other uses in identified suitable
Stes?

In the end, our outputs and results are: established aguaculture Site suitability criteriawith
map portfolio of suitable Stesfor aquaculture, and coast management action plan with
identified issues, possible options and recommended scenarios. Approach: ‘the
environment sets the limits for sustainable development’, isin this case applied for
aguaculture development, but it can be used for any other coasta, marine or idand activity
and resource use,

Two additiond examples of protocols are provided: one can be used for marinaor small
port development (Table 4), and another for tourism development (Table 5). For each use
the five step process should be applied and integrated in the 1GIS use conflict andysis and
modding.
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Discussion

Integrated coasta zone management for sustainable development of a given area, requires
careful congderation of amultiplicity of parameters and their interactions. Adequete policy
must address the resolution of conflicts, but thisis often hindered by lack of information
and/or gppropriate methodologies. The technique of multiple criteriaandyss helpsto
overcome methodologica problems and permits manipulation of heterogeneous
information (Niu et d. 1993). Planning for sustainable aquaculture as well as other uses

and activities must be a process that comprehensvely andyzes coastd systems (natura
resource conditions and uses) in order to produce a framework to guide decision-makersin
allocation of scarce resources among competing interests (Ackefors and White, 2002).

Resource use and development has explicit spatid dimensons. To make devel opment
sugtainable, it is necessary to develop an andytical framework that can incorporate spatia
(and tempord) dimensions of parametersthat affect sustainability. Scaeisavery
important factor in developing such aframework. A broad scale analysis may give an
appropriate description of aregion, but may not be ussful for specific in situ problems and
circumstances that each coastal bay areaor Adriatic idand have. The scale at which
necessary data has been collected controls resolution of the andytica framework. For this
reason, scale must be addressed in development of environmental assessments and
monitoring programs. Decisions about the structure of inventory and monitoring programs
can befadlitated by firgt determining what information is essentid to define suitable
conditionsfor various uses. In thisand other smilar projects available datais often the
principle limitation to development of sophiticated analyses and models.

Remote sensing information, assmilated into GIS and integrated with other databases, can
elucidate interactions between human activities and environmental resources. Remote
sensing and GI'S can be technicaly linked in models that incorporate spatial and process
andysis capabilities, cregting Integrated GIS (1GIS). By linking these technologies, the
information system becomes richer, more sophisticated, and useful in substantial
goplications (Davis and Smonett, 1991). The relative efficiency of remote sending in
creation of spatidly extensve databases, recommends its incorporation in devel opment of
use suitability and use conflict analyses.

Spatid use conflicts refer to the exigting or potentia use of aland/water unit by
incompatible ectivities (Hershner at a. 1999). The framework developed here asan
example provides a basis for assessng both the location and quality of the conflicts. The
underlying assumption in this project is that environmental conditions are the primary
determinants of sustainability. Use conflict can be managed smply by controlling where
certain activities are undertaken. But sustainability can only be attained when
environmenta conditions are appropriate.

Management choices will be required when certain activities can appear in the same
locations based on suitability andysis of the area (e.g aquaculture vs tourist beach areg, vs
marina). In these ingtances, choice has to be based on environmenta requirements for the
activity and the activity’ s interaction with the environmenta resources (impact assessment,
ElIA). Firg priority should be given to the activity with the highest environmenta
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suitability level and the lowest adverse impact on the respective land/water system.
Implementation and final decision-making must incorporate socio-economic suitability,
and cultura factors. The Government has the responsibility to determine the appropriate
balance of resource preservation and utilization in any given area. This decison should be
based on interests of the local communities! Involving the community in the planning and
decisiornrmaking processis an important step toward acceptability and success of the
coastal management project. The use suitability and use corflict analyses support the
interdisciplinary aspects of ICZM planning and decision making processes. It aso enables
people with less knowledge about specific physical, chemicd, biologica processesin
coastal ecosystems, to include consideration of al of them in decison making a avariety
of scaes.

This gpproach’s strength is that it evaluates options based on the best available information
but clearly indicates where better information is desirable. It establishes guiddines for best
avalable environmenta assessment, and for development of rationd and integrated long-
term socid and economic policies for the continuing use of the coastdl, marine and idands
resources. The approach is useful for discriminaing environmenta potential among Sites,
aswdl as use conflict resolutions. For better prediction of long-term sugtainability, socio-
economic condderations must dways be incorporated in the Site suitability assessment.

Developed protocols for aguaculture (as well as any other coastd activity) are a good base
for monitoring programs. Protocols can be used as environmenta quality standards that
will help guide and control activities within certain environmentd limits. If aquaculture
requires an excellent water quality and certain type of environmenta conditions, than this
activity should dso maintain this environmentd qudity within established environmenta
quaity standards (this could be supported by new or updated laws and regulaions, and
policies). Ultimately, through guidance of monitoring programs (environmenta and socio-
economic), better information can be incorporated into the analytica protocols. Thiswill
improve eva uations, and complete the feedback loop for the planning of ICZM and
sustainable aguaculture devel opment.

Conclusion

The hedlth and sustainable use of coastal and ocean resources are of critical importance
given ther role in food production, economic activity, genetic biodiversity and recrestion.
In creating a " sustainable aquaculture” and costal zone management plan, it is essentid to
strike a balance between the need for aguaculture development and the need for natural
resources conservation within the same management plan. In this context it is necessary to
recognize and ded with the increasing competition for resources (use conflicts). The
diminishing role of the public sector as a promoter of development and the globaization of
markets must also be taken into consderation. However, free trade and globalization
ignores that we cannot trade ecosystems and community services (Hawken at dl, 2000).
Therefore, inevitable process of globdization might become more sustainable if the local
level development becomes more sdlf- sustainable, consdering the capacities of naturd and
culturd resources that are necessary for along-term responsible environmenta, socid and
economic development. We have many choices of how to do it, but we have even more
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examples dl over the world of how not to use our resources. One recent example comes
from the US where the CZM Act and Plan were first established more than thirty years
ago. The Independent Ocean Commission just published the first ever-comprehensive
report- America’s Living Oceans; Charting a Course for Sea Change,” astheresult of a
three-year, nationwide study of the oceans and coasts. Their findings are darming,
identifying that “...root cause of this crisisisafailure of both perspective and governance.
We have failed to conceive of the oceans and coasts as our largest public domain, to be
managed holigticdly for the greater public good in perpetuity. We have only begun to
recognize how vital our oceans and coasts are to our economy as well asto the cultura
heritage of our nation. Findly, we have come too dowly to recognize the interdependence
of land and sea.and how easly activities far inland can disrupt the many benefits provided
by coastal ecosystems.”

Croatia has a certain advantage for till having undeveloped and prigtine idands, aswell as
some parts of the coast and the sea. However, we were not responsible for being ‘ awarded
with such a beautiful treasure, but we are certainly responsible and obligated to do
everything in our power to preserve the naturd and cultura vaues for generations to come.

" http://www.pewoceans.org./oceans/oceans _overview.asp

24



A. Frankic

Attachment 1

Brief description of the Croatian coast and islands

Croatia has 1,246 idands and they are divided into 79 idands, 526 idets, and 641 reefs and
rocks. All together they represent just 5.8% (or 3,300 km?) of the Croatian land, but 70%
of total Croatian coastline (4,057 km of 5,835 km), while 20 idands exceed 20 km? (Leder,
et al, 2000). Only 48 idands are permanently inhabited, and 100 are considered
occasiondly inhabited. Average idand settlement has 417 inhabitants, dthough the largest
town Mdi Losinj (North Adriatic area) has 6,566 (1991 census). Idands experience
Mediterranean climate, with mean annua temperature of 15°C and gpproximately 2,500
hours of sunshine ayear, and average annua precipitation between 889-977 mm. Croatian
iIdands (except Brusnik and Jabuka) are dl part of the karst relief, built of Cretaceous
sediments deposited in aform of carbonate platform (BSAP, 1999). Specific geologica
processes formed so called Dalmatian type of coast, with pardld spreading of coadtline,
hinterland mountain ranges, and idand chains. By the end the last glaciations (10,000 years
ago), the sealeve rise of 100 meters and tectonic motions separated idands from the
mainland. Today’slines of the idands are tops of former mountain ranges, and the generd
trend of geologicd dructureis‘Dinaric direction’. The product of limestone wegthering is
‘terrarosa’, red soil colored from the conversion of hydrated ferric oxides to hematite.
Such asoil and luck of water on the idands dlow just a poor agriculture: smal vineyards,
olive grove, sheep and goat pasture. But coagtal, and submarine karst environment isided
for fishery, recreation, diving, and nautica tourism.

Biogeographica position of Croatian coast and idands, the dominating geologica base
(limestone), adigtinctly karst relief, the indentation of the coast and idands, and the fact
that this area was a sanctuary for plants and animals during the Ice Age, resulted in
outstanding coastd hiodiversity and uniqueness of floraand fauna. Peculiaritiesinclude
predominantly stony limestone coast (karst relief) with gravelly and rare sandy beaches,
endemic flora of coasta rocks, endemic floraand fauna of the idands, endemic
underground faung, rivers of the Adriatic catchments areawith endemic fauna (freshwater
fishes), Mediterranean marshes and naturd lakes (BSAP, 1999). Dueto their karst
hydrogeol ogy, and geomorphology, Croatian idands and marine ecosystems are extremely
rich in fauna of diverse habitats, including the interdtitid fauna, freshwater and terrestrial
species inhabiting numerous caves and pits, aswell as degpwater cord reefs habitats. The
most numerous endemic plant species can be found on smdl off-shore islands, and dliffs of
Damatias idands facing south and south-west. Ecosystems of the Croatian idands and
surrounding sea have aso been recognized internationaly as extremely vauable and rich

in biodiversty, aswell asin ther culturd heritage.

The Adriatic Sea

The Adridtic Seaisagulf of the Mediterranean Sea lying in the southeast-northwestern
direction in the length of 783 km, with the surface area of 138,595 sq km at the mean sea-
level. The Adriatic is a shalow sea, with the greatest depth not exceeding 1,330 m and the
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mean 173 m. The depths of up to 200 m (continental shelf) occupy as much as 73.9 p.c. of
the Adriatic sea bottom. Depths exceeding 200 m may be found in the depression of the
iIdand of Jabuka and of the south Adriatic. In generd, it isalow productive, oligotrophic
Seq, but it is more productive dong the coast and in the area of channels than in the open
sea. However, due to various specific influences Northern Adriatic is consdered a highly
productive region, one of the most productive in the Mediterranean Sea. Thelow leve of
organic production in the Adriatic Seaiisaresult of alow content of nutritious satsin
water, of phosphorus and nitrogen in particular.

The Adriatic Seais avery sengtive system, both as a physical and as a bio-geo-chemica
environment. The physica component of the Adriatic Sea system depends on one hand on
the buoyancy accumulated in the water column, and on the other hand it is conditioned by
the ar-sea buoyancy exchange and by the buoyancy input viariverine freshwater
discharge. The Adriatic Sea has a peculiar property that is characterized both by the
estuarine circulation type and by an anti-estuarine circulaion pattern in the Strait of
Otranto. These properties are mirrored by biologica speciesthat are present dong the
coasts and in the pelagic systems of north, middle and south Adriatic.

The South Adriatic Pit isa portion of the Adriatic Sea where dense water formation takes
place via an open-ocean convection. Thisis an oligotrophic areaand a spring
phytoplankton bloom is triggered by nutrient injections into the euphotic zone by the
winter convection. Therefore, to some extent, the spring primary production maximum
should be associated to the intengity of the deep-water formation processes. The winter
heat losses strongly change on interannua time-scale resulting in a variable convection
depth, which then determines the nutrient input into the euphotic zone and thus the new
and export production. The vertica carbon flux data interpreted with remotely sensed algd
biomass and in situ nutrient data suggest that the interannua variations of the Southern
Adriatic opensea spring bloom are indeed associated mainly to loca winter climatic
conditions.

Correspondence of the high-chlorophyll content patch and the center of the cyclonic gyre
confirms that the intermediate high-nutrient content water advected from the Eastern
Mediterranean, is vertically mixed in the center of the Southern Adrigtic by winter
convection and dense water formation processes. Sometimes, mild winter resultsin a
complete absence of the vertica convection and, in these conditions the spring
phytoplankton bloom in the open-sea area should be determined by other mechanisms such
as the exchange with the nutrient-rich coastal waters and the large-scale vertical mixing.
The new production estimated from the amount of nutrients made available to the
phytoplankton by mixing over the convection depth isin a good agreement with the
sediment trap data, confirming the predominant role of loca winter climatic conditionsin
the Southern Adriatic biologica pump. It was aso evidenced that the soring bloom
undergoes high-frequency weekly time-scde variability as determined by strong hest loss
events on the synoptic time-scae. In fact, the spring algd bloom maximum consists of a
series of short-term high-production episodes associated with the calm westher periods,
which typicaly take place after the violent mixing events and transent nutrient injections
into the euphotic zone. The total spring primary production, which isto alarge extent a
new production, represents then the sum of these single bloom events.
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This high-frequency pulsating mode of the spring phytoplankton bloom in the Southern
Adriatic requires the high- resolution biological sampling in order to resolve short time-
scales associated with the open sea convection and eventsin the loca meteorologica
forcing function. Interannud variations of the intengty of the vertical convection cause
changes in the dense water volume formed. Dense water outflow measurementsin the
Strait of Otranto revealed interannud variations of the flow rate ranging from 0.1 to 0.4
Sv, which agreed perfectly with the winter climatic conditions. mild wintersresult in a
weak outflow, while severe winters generate strong bottom water outflow in the Strait of
Otranto. These characteristics make the South Adriatic Pit and the Strait of Otranto key
aress for the long-term monitoring of the variations of the sea response to interannud
climatic varighility. This monitoring should be interdisciplinary and should include some
key biological and chemica parametersin addition to physica oceanography components.

Because of water mixing and sea currents that shift magjor portions of water masses from

the south toward north Adriatic aress, bio-geo-chemica properties of the South Adriatic
have mgor role in the behavior of other Adriatic zones. On the contrary, the South Adriatic
areais less researched than other zones, and consequently has poor database of biodiversity
and other components necessary for the biocomplexity project. The South Adriatic Region
and the biocomplexity project will include area between Bay of Kotor and the idand of
Lagtovo. Inthisareathere are idand of Elaphits, the Nationd Park “Mljet”, sea-reserve
Bay of Mdi Ston and the Neretva rivermouth.

Surface currents during winter season
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The south Adriatic area has been identified by the Conservation Internationd as one of the
25 hotspots to be preserved globally (Cl, 2001). In addition, recently completed WWF
Mediterranean Gap Andyssidentified Dameatia as one of 13 key prioritiesin the
Mediterranean to be conserved and protected. The Government of Croatiaidentified Six
most ecologically valuable and threstened Sitesin Croatiathat are dl within coastd,
marine and idands areas (Fig 1). Adriatic Sea does not only have enormous natura vaue,
but dso economica. Estuarine and marine coasta ecosystems have been evaduated asthe
world's highest economical assets among 16 biomes that define the globe (Costanza et
al,1997).

Fig. 1. Ecologically vulnerable and threatened areas of the Adriatic area
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Socio-economic aspects

This whole area has experienced profound demographic changes over the past decades,
due to the war and post-war circumstances, decline of socio-economic opportunities
(education, employment, etc.) and increased level of poverty. Population dengity is
extremely low, and it remains very old (average 64). Other problems include isolation and
disperson of the idands area, sngularity of most idands, poor natural resources regarding
s0il types, lack of water, dry summers, inadequate government policy, socio-geographical
and economic decrease due to collapse of sailing, fisheries, handcrafts, schoals, etc.

Over the past 2-3 decades the naturd and culturd heritage has been increasingly neglected,
disntegrated and forgotten, causing off balance and threst in once maintained harmony
between naturd and traditiond life and customs. In planning and developing a
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biocomplexity project we should specificaly emphasize and address socid and economic
elements and needs for integrated resources management and sustainable development plan
(or ICZM).

Underutilization of resources and the proverbia lack of alabor force causes agriculture,
the oldest and until recently the most important economic activity of this part of the
Croatian idands, to rank very low in terms of economic priorities. Viticulture, for centuries
the most important agricultura branch, does not produce any surplus and hardly meets the
needs of the local population. The tradition of growing and gathering medicina herbs has
aso died out. Growing alives, for which there are very good naturd conditions, is gaining
in importance as an economic activity. Sheep breeding, which is complementary to olive
growing, is aso increasing. However, while idanders are good producers, thereis alack of
products processing and marketing. In spite of truly ided resources for numerous
Mediterranean crops including mariculture, which if grown sustainable and responsible
could complement upscade tourism. Thereis aneed for establishment of farming
cooperatives in agriculture and mariculture that would create incentives for gathering the
remaining farmers together, recruiting new ones and provide conditions for a modern,
organized farming activity on land and in the sea. Based on its natura and cultura heritage
Adriatic archipelago has numerous potentials for progperous and sustainable socio-
economic development.
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Attachment 2

M editerr anean lessons

The production of Mediterranean fish farming, primarily concerning sea bream and sea

bass, increased from 374 tonsin 1985 to 110,000 tonsin 2000 (FEAP,2001). Almost 90%
of this production comes from four Mediterranean countries: Greece (50%), Italy (14%),
Spain (13%) and Turkey (12%). This represents the fastest growing fish farming activity
within the European aquaculture sector (Table 1). However, prices have changed
significantly during the last 10 years, from an avarage vaue of US$15/kg to US$5-6/kgin
2000 (FEAP, 2001). In recent years other sparids (Diplodus sargus, Puntazzo puntazzo)
and, more recently ill, the imported Sciaenops ocellatus (Isradl) are contributing to the
diversfication of production (FAO, 1999).

Mediterranean marine fish farming production systems can be divided into:
1) Extendve sysems coastd lagoons, vdlicultura (Itdian, most ancient form of
aquaculture in the region) (CIHEAM/FAO/INRH, 1999);
2) Semi-intensgve sysems: pond cuture (mullet in Egypt, and prawn in Portugd, and
south of Spain);
3) Intensive sysems land based systems and cage farming;

Cage farming is the primary basis for the rapid growth of the Mediterranean marine fish
farming sector. Although in many parts of the Mediterranean there is a strong competition
with tourism for coastal resources, cage farms are pursuing an increase of production
capacities by ingaling more cages and increasing their size (from 16 m to 25 m diameter),
and by increasing automation processes (Ferlin and Lacroix, 2001). However, marine
aquaculture is facing common problemsin dl the countries, such as a progressive
saturation of available sites (both for extensive and intensive aquaculture), high
competition in coastal areas use (especidly with tourism development), and market
redtrictions (particularly due to the recent European Union (EU) import regulations).
Rapidity of this production growth is not the only reason that weskened the staibilty of the
markets. All food production and consumption has been affected by a crisisin consumer
confidence for livestock farming (dioxins, pesticides, use of anima mesdls, etc). Sow but
continuous expansion of me aquaculture sector is generdly anticipated, while off-shore
fish culture isthe ectivity which is actudly atracting potentid investors.

In order to secure sustainable aquaculture development in the Mediterranean it isimportant
that the industry and environmenta authorities have access to suitable management and
regulation tools (EC, 2002; Davenport et a, 2003). The European Union sponsored the
MERAMED programme that studies environmenta interactions near fish farmsin the
Mediterranean and developes models, methods and standards that can be used for
production optimisation as well as environmenta assessment and monitoring. The project
was designed by the Norwegian company Akvaplanniva, and the work was carried out in
cooperation with researchers from the Ingtitute for Marine Biology Crete (Greece), Indtitut
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fur Meereskunde in Kiel (Germany) and Dungtaffnage Marine Laboratory (Scotland)
(MERAMED, 2000).

Another similar project has been funded under the European Union FAIR! program
entitled "Monitoring and Regulation of Marine Aquaculture® (MARAQUA). This project,
which gtarted in January 1999, isa"Concerted Action”, which means it does not involve
new research but instead concentrates on areview of exigting information and
edtablishment of agreed guidelines for monitoring and regulating marine aquaculture. The
project facilitates establishment of a European Network to bring together scientists,
producers, regulators and volunteer organizetions, in an effort to co-ordinate and provide
means for the efficient exchange and review of information (MARAQOA, 1999). The
overdl am of MARAQUA isto define scientific guiddines for Best Environmenta
Practices (BEP) for the monitoring and regulation of marine aquaculture in Europe.

However, environmenta problems related to aquaculture industry worldwide have been
exacerbated. Decade of poorly regulated expansion in fish farming in e.g. Scotland,

Canada, the US, Norway, Ireland, Iceland, and the Faroe Idands has jeopardized the future
of wild saimon stocks. Decline of wild stocks is increasingly linked with seexlice
infetations from fish farms and the mixing of escaped farmed samon with wild

populations (Wolrd Farming, 2003). While populations of wild Atlantic sdmon have
declined 45 % between 1983-2001, farmed salmon production in the north Atlantic has
been allowed to grow to over 700,000 tones in 2002, a 55 % increasein 20 years.

To combat thisand Smilar issues, the god of sustainable development, which is now
integrated into the EU objectives, cdlsfor use of awider range of tools for environmenta
policy. It isessentid that fish farmers demondtrate a respons ble approach to managing
environmenta impacts of the industry and provide externd assurance of environmenta
management performance. One of the toalsis the voluntary Eco-Management and Audit
Scheme (EMAYS). The gpplication of EMAS to the aquaculture sector should help the
Industry improve the trangparency of the productive process, while improving resource
management and environmentally sound practices (MARAQUA, 2001).

Important are TECAM (Technology of Aquaculturein the Mediterranean) Network, which
is, together with the SELAM (Socio-Economic and Legd Aspects of Aquaculture in the
Mediterranean) Network, coordinated by the International Centre for Advanced
Mediterranean Agronomic Studies through the Mediterranean Agronomic Inditute of
Zaragoza (CIHEAM-IAMZ). The SELAM and TECAM Networks, together with the
SIPAM Network, lie within the framework of the Aquaculture Committee of the Generd
Fisheries Commission for the Mediterranean (GFCM).

Globa demand for organic food, and environemtnaly friendly wild-cought and cultured
speaciesisincreasing (MSC, 2000). Therefore, another tool that can provide assurance of
environmentally sound aguaculture practices is through eco- certification programs that
empower consumer's to chose aguaculture products grown in environmentaly friendly
sound manner and provide incentives to produce products which can bring higher prices.

! http://www.nf-2000.0rg/secure/Fair/F32.htm
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(Goldberg & Triplet, 1997). Marine Stewardship Council (MSC) was formed in the late
‘90s through partnership between Wolrdwide Fund for Nature and Unilever. The MSC is
based on the principles of the FAO Code of Conduct for Responsible Fishing (CCRF) but
also developing its own procedures and criteria to define and eco-label products (Muir &
Y oung, 1998). Recently, the world' s biggest multi- national aguaculture company
developed anew integrated food quality management system — NuTrace for food safety
that is‘tracing and tracing’ produced, marketed seafood. For example, NuTrace Samon
provides the ability to trace back from the final product to origind breeding and feed
ingredients, and to track the distribution of al related products (NUTRECO, 2003).

There have been an increasing number of Smilar inititives, like the internationd
environmenta management system - 1S0O14001, Naturland 2000, Agro-Eco Consultancy
1999, MSC 2000. Potentia benefits of 1SO 14001 to the aguaculture industry could
include:

Regulatory compliance - avoiding costs of prosecution and fines,

Brand enhancement and protection - avoid damage to brand value and market position
by avoiding incidents and prosecution, enhance brand vaue through 1SO14001 labd ;
Loss of control and process efficiency - reduce costs, particularly energy, effluent
discharge and waste managemen;

Meet customer requirements - 1S0O14001 provides external third party assurance - link
to quality and food safety issues,

Improve performance - drives systematic management of environmenta impacts, often
leading to other business improvements;

Responds to stakeholder concern - provides assurance of good environmenta
performance to NGOs, loca communities and to other externd interested parties
(Westwood, MARAQUA, 2001).

YV V YV VYV VYV

National aquaculture plans exist in Cyprus, Egypt, Isradl, Greece, Itdy, Mdta, Spain and
Tunisa The precautionary approach for the environmental impacts of aquaculture is
practiced in Cyprus, Egypt, Mdtaand Isradl (FAO, 1999). Most of the EU countries are
developing national CCRF, athough in most Mediterranean countries a specific
aquaculture policy document does not exist. 1n Greece, the aguaculture plan promotes
awareness for respong ble aguaculture. The beneficiaries are usualy the commercid sector,
artisan fishermen, rurd aress, research and consumers. All srategies are funded by

nationa government, athough in Turkey and Isragl Foundations/Associations o play a
sgnificant role. Although the role of Producer Associations (PA) iswidely accepted,
fragmentation and large numbers of loca associations complicate rather than resolve
critical administration or policy issues. International federations such as the Federation of
European Aquaculture Producers (FEAP) can therefore play avita role.

In 2000, Irdland developed and started CLAMS (Coordinated Local Aquaculture
Management Systems) project. Thisinitiative is mapping development of fish faming in
bays and inshore waters throughout Ireland on aloca level. CLAMS, in line with county
development plans and EU policies, provides aframework for addressing issues that affect
or are affected by aguaculture activities and streamline the resolution of these issues. It will
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aso form asound basis for further expansion into the aress of integrated inshore fisheries
management and ultimately Coastal Zone Management plan (CLAMS, 2000).

The marine aguaculture of bass, bream, sparids and mollusksis rdatively well developed
in dl Mediterranean countries whereas shrimp culture is ardatively minor industry. Land
based coastal aguaculture, with hatcheries producing bream, bass and shrimp, existsin
most EU Mediterranean countries, Turkey, Cyprus, Isradl and Tunisa. The extensive
aguaculture of bream, bass, mullet and Manilaclamsin coastd lagoonsis developed in
Italy, Greece, Bulgaria and Egypt. Inshore aguaculture, with cage culture of bass and
bream, iswell established in EU Mediterranean countries, Turkey, Croatia, Morocco,
Bulgaria, Isradl and Cyprus whereas mollusk culture (mussels, oysters) is less developed.
Besides seabass and seabream, turbot (Scophthal mus maximus) is mainly produced in
Spain and France, but only in land based ingdlaions, and edsin highly intensve
recirculation systems (CIHEAM/FAO/INRH, 1999).

Mollusk culture is more commonly a corporate activity, bringing direct positive socid
benefits, while fish culture is mostly dominated by private enterprises (FAO, 1999). In
1996 the worldwide mussal production reached 1.2 million tones with the largest
producers during the 1990's being China and Spain. There are two mussal-farming
systems off-bottom longline and raft culture. The most common way to grow musselsis
just to let the mussdl hang on to the collectors (longline) until they reach the market size.
Asthisisnot avery productive way, growers are looking into using re-tubing systems
(stockings) for more effective way to farm mussels. Thereis amarket for blue/black
mussdl, and it isin Europe. Statistics show that Europeans eat three times as much blue
mussdls as they eat Norwegian salmon, about 800,000 tons of mussals are consumed in a
year. However, European producers provide 600,000 tons: Spain 34%, Denmark 16%, the
Netherlands 12%, Germany 9%, France 6%, Ireland 5%, others 9% (Havbrouk, 2000).

Thereisagrest potentid for mussd farming (Mytilus galloprovincialis) within the
Adriatic sea archipelago, as a sustainable food production and at the same time combating
the negative effects of eutrophication. Most of the nutrient supplies from anthropogenic
sources reaching coastd waters are presently out of control, and it has been difficult to
reduce the nutrient levels there dragticaly. The eevated nutrient concentrations in the sea
enhance phytoplankton production, which can feed cultured mussdls. The supply of
nitrogen and phosphorus has, however, changed the relationship between these nutrients
and aso those to Slicain the sea, which might have favored growth of toxic
dinoflagdlates, okadaic acid- producing Dinophyss spp. causing diarrheic shdlfish
poisoning.

The common blue mussd (Mytilus edulis) can efficiently filter out organic particlesin the
seawater, thus reducing phytoplankton biomass and increasing water clarity (e.g. adult
oyster may pump up to 10 liters per hour of sea water, Spancer 2002). The mussals
gructuring grazing effect on the phytoplankton community, which most likely reduces the
sedimentation of organic materia to the bottom, has also been demonstrated. Mussdls
grown on the west coast of Sweden are of high quadity, have a good reputation among
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consumers, and do not have an occurrence of toxic dinoflagellates (Haamer, 1995).
Swedish musse farming is efficient and cogt effective through the long-line technique.

Mussel farming in Shetland, Scotland, is a success story. Steedy growth since 1995 when
rope growing of mussels started around Shetland means that today the industry is expected
to produce 1,200 tones of high qudity thisyear, which is easily absorbed by the European
market. Spain produces approximately 250,000 tones, 60,000 tonesin Holland, 80,000 in
France. Denmark produces about 100,000t per year, which isawild fishery, and most of
the harvest is processed into alow-cost canned product. Germany and the Netherlands
together produce about 110,000t per year. The mussels are grown in bottom culture in the
extensve intertidal areas aong the North Sea coadt.

A subgtantia portion of the European production is grown on suspended ropes, a technique
which can be extended further offshore and which, dthough quite senstive to plankton
blooms, is the only one which could further increase production, since both the * bouchot'
and the bottom culture techniques are faced with growing coastal pollution, bird predation
and land use condraints (Aqua-media.com). In addition, bivave culture may cause
accumulation of organic materids (faeces and pseudofaeces) underneath dense bivave
aggregations. Thisis particularly true of musse culture operations, as mussdls produce

large quantities of pseudofaeces, suspended materia that may impact benthic substrates.

Presently, the indudtry isfocusing on the following targets: Identifying strategic Sites

where mussd farming is profitable and counter- acts the negative effects of eutrophication
(identifying suitable Stes carrying capacity); Developing temporal and spatid models on
potentid occurrence of toxic adgae, pathogenic microbes and DST; Improving methods for
monitoring toxins and the hygienic quaity of water and products and improve methods for
depurating mussds from DST-toxin; and evauating the economica vaue of musse
industry on improving coastd water qudlity.

Although practiced by the ancient Romans, oyster culture was rediscovered in France
during the 17th century and modern techniques were developed in the 19th century.

In France, a specid treatment (depurification) may be applied for the supply of top qudity
oysters: prior to sdlling these are placed in former sdt marshes, which have been converted
into ponds. During their second year oysters are spread in the intertidal range directly on
the ground (bottom culture), in bags on trestles, or suspended from long-linefloats (in the
Mediterranean). Normdly, harvesting takes place during the third year.

Manila clam (Japanese carpet shell, introduced 20 years ago) culture has dso lead to
additiond activity, in that the natura reproduction of animals released for farming hes
created wild populations in areas that were previoudy nort producing; these are currently
exploited using traditiond fishing methods. Thisis an example of ‘culture-based fisheries.
This Stuation led to Some concern over competition with the European species and the risk
of diseases being spread. To date, however, there is no clear evidence that Manila clam
plays arole in the observed reduction of the European clam yield. Thisreduction is
probably due to fisheries over-exploitation.
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The Mediterranean coast, which is about 46,000 km long and is highly populated, and
supports many functions, such as tourism, resdentid development, and conservation,
which competes with aquaculture for resources. Many coastdl areas are dso physicaly
exposed and therefore unsuitable for traditiona inshore-based farming.

Offshorefarming is seen as ameans to overcome such difficulties, and asaway to
increase production in areas where it would otherwise not be possible. Indeed, a number of
offshore farms have dready been established and have operated with varying degrees of
success for anumber of years. Offshore aguaculture of sea bass and bream is well
developed in Mdlta, Cyprus, Spain and Italy, while mussd offshore aquaculture is
developed in France (CIHEAM/FAO/INRH, 1999; CIHEAM, 2000). Offshore farming is
particularly well developed in Cyprus (840 t/yr; 87% of the total nationa aquaculture
production) and Mata (about 2,000 t/yr; which isadmost the total aguaculture production
of the country), where no sheltered areas exit. It is aso becoming more of an aguaculture
option for Italy, Spain, and France where conflicts with the tourism industry or scarcity of
appropriate sites are aready forcing the producers to move far from the coast. In addition,
the Black Sea countries reported interest in devel oping offshore aquaculture, and some
activitiesare dready carried out by Turkey involving the farming of sdmon and large-9ze
trout (FAO, 1999). However, the offshore environment continues to present many
chdlenges, not only to systems design and ingalation, but also to sock management

(Muir, 1997; FAO, 1999). Also, if marine offshore aguaculture moves offshore there will
be more business opportunities for fishermen! (Barnaby and Admas, 2002).

Another emerging aguaculture is fattening of bluefin tuna (Thunnus thynnus). During the
last 5 years there has been a very important development of tunafarmsin Mediterranean,
with approximately 20 farms (most of them in Croatia 9 and Spain 7). It is estimated thet
more than 70% of the Mediterranean recommended catch quotais aready being used for
this production, which is mainly exported to the Japanese market (one bluefin tuna.can
reach price of 30,000 US$). This year, the researchers from seven countries (Spain, Isradl,
France, Germany, Itay, Greece, and Mata) started a three year project REPRO-DORR,
“Reproduction of the Bluefin Tunaiin captivity: Domedtification of Thunnus Thynnus (Fish
Farming International, 2003). Japanese researchers have closed the bluefin tunalife cycle,
and the current god is to improve incubeation, hatching and larva rearing of tunaand to
release juveniles into oceans to replenish naturd stocks (bluefin tunaiison theligt of
endangered species).

Although there have been on-going trids to produce new marine finfish species, no red
replacement has been found for seabream and seabass. With the beginning of 21 century,
new major species production includes sharp-snout seabream (Puntazzo puntazzo) in
Greece, and white seabream (Diplodus sargus) in Ity (FEAP source). Additiona new
candidates may increase the number of farmed speciesin future: Pagrus pagrus, Dentex
dentex, groupers, and seriola (Ferlin and Lacroix, 2001). Options for Mediterranean marine
aquauciture development (specifically important for Croatia) have to target three aress.
marketing, production and entrepreneurship. Regarding marketing, thereis aneed for
better development of local markets, improvement of product qudity, diversficationin
products (fillets, caned fish and shellfish, precooked, etc). Regarding production there
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needs to be a sgnificant reduction of production costs (better management, autometion,
nutrition and feeding, health management, etc); aso divergfication of production systems

(offshore, recycle systems, etc); species diversification, polyculture. Regarding

entrepreneur ship thereis a need for association of producers through a common market,

aswel asintegration of production units (e.g. hatcheries, on-growing farms, feed

manufacturing, and marketing) (FAO, 2002; Ferlin and Lacroix, 2001).

Table 1. Seabream and Seabass fry production in Mediterranean countriesin 1999 (FEAP

source)
Country Hatchery (#) Seabream fry Seabass fry Totd
(millions) (millions) (millions)

Greece 33 90 75 165
Italy 15 46 62 108
Span 9 35 8 43
France 9 19 21 40
Turkey 16 3 24 27
Portugal 5 13 6 19
Cyprus 4 15 3 18
Morocco 1 3 6 9
Tuniga 2 2 6 8
Israel 2 5 0 5
Crodtia 4 1 3 4
Madta 1 1 0 1
TOTAL 101 233 214 447
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Major provisionsin national aquaculture plans (FAO, 1999):

NATIONAL
PLAN

MAJOR PROVISIONS

Cyprus

- sustainable development; - EIAS; - environmental monitoring; - caution over future expansion;- limits on the
expansion of existing farms; - limits on the establishment of new farms;: minimum water depths and cage

separation; - GESAMP monitoring procedures, with costs to be borne by the industry; - targets for (species)
diversification, the development of cage technology; - criteriafor new entrants to the production sector (with priority
for local people, especialy fishermen); - the inclusion of marine aquaculture in all coastal management plans; and

- the urgent implementation of the legal framework set up by the aguaculture legislation.
Importantly, the aguaculture plan of Cyprus sets arelatively short time span for itsrevision (three years).

Egypt

Expanding the development of aquaculture through encouraging:

- support for existing ventures, particularly those with GAFRD land leases; - investment in aguaculture, particularly
marine and intensive aquaculture; - technical support for improving traditional farms; - the supply of healthy fry and
fingerlings at reasonable cost; - support for Nile tilapia hatcheries; - the production of balanced aquafeeds;

- the establishment of joint ventures, especially in marine aquaculture, with partners from devel oped countries; and -

non-conventional and integrated aquaculture.

Greece

The major Operational Fishery Business Plan alowsfor:

- construction, expansion, modernization and relocation of aquaculture units;

- new infrastructure for the development of coastal lagoons and other fisheries exploitation;

- improvements (expansion, modernization, relocation) of existing infrastructure within the sector;

- establishment of new units for the farming of new species with commercial value;

- establishment of plans for fundamental research; and - rational organization of fisheries trade.

- establishment of small businesses, adapted to the requirements and trends of the market, for new species (pilot and
production phases); - integration of fish farming with tourism; - assistance in solving the problems in production
administration and trading; - rationalization of trading networks; - promotion of quality standards and trademarks;
and - establishment of a coastal lagoon administration system, in addition to the protection and improvement of
income for those involved in coastal lagoon exploitation; - subsidies or partially subsidized loans for investment &
running costs; and - ten-year tax exemption (for farms of at least five years establishment) on non-distributed profits.

Israel

Within the fisheries plan, calls for the:

- development of offshore aquaculture; - intensification of inland aquaculture through recirculation systemsto
minimize water consumption; - use of desert saline waters for aquaculture; and - species diversification;
These plans are reported to comply with Articles 9.1, 9.3, and 9.4 of the CCRF.

Italy

The two main sections of the plan, dedicated to "aquaculture and the environment" and "fisheries, aguaculture,
tradition and culture", deal with:

- the relationship between aguaculture production and environmental protection;

- intensive aguaculture and pollution risks; and - the introduction of new species.

Guidelines for research activitiesin support of the sector are defined, and include:

- the conservation of the natural biological population; - the selection of new eco-friendly therapeutants;

- product quality standards; and - aquaculture environmental impact.

A special plan for freshwater aquaculture:

- favors activities compatible with environmental conservation; and

- regulates extensive aguaculture and re-stocking practices.

Malta

Malta

- sets a maximum on the number and size of hatcheries, and limits their location;

- setsvisual impact and size limitations on large (>150 t) offshore facilities and their land bases;

- limits the number and size of new large-scale units, and setstime limits for their initiation;

- identifies six search areas for EIA for possible future aguaculture development;

- defines afurther fifteen conservation areas where aguaculture will only be permitted if it can be shown to enhance
conservation management; - sets maximum numbers and size for new small-scale land-based units;

- defines norms for management, rehabilitation rules, fish health, and personal responsibility; and

- prescribes programmes for monitoring and reporting.

Tunisia

- the optimization of reservoir use to increase extensive aquaculture production;

- the provision of support for intensive land-based marine aquaculture by assisting producers to achieve a
competitive position in the EU market; and - promoting domestic bivalve mollusc consumption, increasing sanitary
control, and developing oyster and clam culture.
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Evaluation criteriafor assessing requestsfor approval for aquacultureventures(FAQO, 1999):

|Country

|Criteria

|Comments

Bulgaria

- Trout and sturgeon culture evaluated related to their export
potential
- No other or specific criteria described

- Some national sanitary requirements are said to be more
severe than EU ones

guidelines set by government for agriculture and livestock

production

Croatia |- New projects are evaluated according to the legislation, - Most development projects at present are regeneration
permits, etc. projects
- Business takes the risk, insures, and raises finance - Sometimes national or local government loans are
available but usually at commercid rates
- Difficult to find atypical example; each ventureis
examined on a case-by-case basis
Cyprus |- EIA; - Environmental monitoring
- Assess compliance with EIA provisions, terms and
conditions of license, and legidative provisions
- Assess the overall performance of the farms
Egypt - Definition of the land area - Described in a GAFRD Directive
- Ensure that the farm will not have a negative
environmental impact
- Assess the feasibility study of the venture
Greece - Existence of suitable areas; - EIA - Thereis a specific law which protects the quality of
- Water quality and quantity (land-based units) water in which aguaculture units operate
- Water depth
- Project viability
Israel - Compliance with the aims of national aguaculture plans - These are the criteriafor Government financial support
- Inthe priority regions
- Compliance with the rules of responsible fisheries
- Approval from the District.
Italy - No specific information - There is aprogressive harmonization between fisheries
and aguaculture
Malta - EIA; - Conforms with the Malta Maritime Authority Act
relating to shipping issues; - In an approved "search ared’;
- Approval of related authorities
Morocco |- a"simple" technical and economic study of the project - responsibility in resource use, access to credit, alicence,
- the company profile and insurance is not considered, because the aguaculture
Morocco |- inthe case of coastal projects, proof of its social sector is till small
acceptability
Romania |- Production target is realistic and can be achieved - Credit can be obtained through the Romanian Fund for
- Farm has an effective plan for fingerling supply or the Guarantee of small and medium-size producers, which
production; - Adequate measures for environmental will reasonably protect investors. The criteriafor
protection; - Project fits Romanian and EU regulationson  |considering the enterprise for support are shown on the
product quality; - Production makes use of local resources left
(services, personnel, etc.)
- Credit is not available from another source
Spain - Aquaculture must not create conflicts with other
productive activities. Local aswell as national development
policies are taken into account
Tunisia |- Authorization granted by an interdepartmental
commission; - EIA; - Technical and economic viahility
(including species to be reared); - Satisfactory investment
plan
Turkey |- Mandatory EIA; - Credits approved according to general |- Checked by MARA according to technical and

economic feasibility.
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I nter national Ocean Policiesin the 1990s, by Strengths and Weaknesses
(Source: WorldWatch Paper 145, 1999)

U.N. Global Driftnet Moratorium, 1991

Strength: U.N. Generd Assembly passed globa moratorium on high-seas driftnetsin 1991.
Use of this gear has virtualy ended on the world's oceans.

Wesakness: Eliminating this particular type of gear has led fishers to use longlines and

other damaging fishing methods to evade the specifics of the moratorium, often with

effects on marine wildlife smilar to those of driftnets.

Oceans Chapter 17, Agenda 21, Earth Summit 1992

Strength: Addresses the sustainable use and conservation of marine resources and habitat
areas. U.N. Commission on Sustainable Development addresses oceans and seas in 1999.
Weakness: Language with respect to conservation is week, lacks specific commitments.

FAO High Seas Fishing Vessel Compliance Agreement, 1993

Strength: Globd binding agreement. Countries whose vessdls fish on the high seas must
ensure that those vessels do not under-mine accepted fishing rules; requires countries to
provide FAO with comprehensive information about vessel operation.

Weakness: Not yet in force. Only 12 of necessary 25 countries have retified it.

U.N. Convention on the Law of the Sea (entered into forcein 1994)

Strength: Globa agreement provides comprehensive framework for ocean development.
Cdlsfor baance between use and conservation; 130 nations have ratified it.

Weakness: Conservation obligations wesk.

FAO Code of Conduct for Responsible Fisheries, 1995

Strength: More than 60 fishing nations have agreed to it. Contains principles for
sugtainable fisheries management and conservation; highlights aguaculture, bycatch, and
trade.

Weakness: No punishment for ignoring this voluntary code. No mention of subgidies.

U.N. Agreement on Straddling Fish Stocks and Highly Migratory Fish Stocks, 1995
Strength: Prescribes precautionary approach to fishery management both inside and

outsde EEZ, vessd ingpection rights in accordance with regiond agreements. Provides
binding dispute resolution.

Wesakness: Not yet in force; fals short of the required 30 ratifications. Only four of the top
20 fishing nations have ratified it.

Jakarta Mandate, Convention on Biological Diversity, 1995

Strength: Adopted guidelines and generd principles that call for the protection of marine
biologicd diversty and sustainable use of marine and coastal resources. Puts ocean usein
broader context of biological and socia godls.

Weakness: Guideines too vague to be enforced.
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Attachment 3

Guidelinesfor Sustainable Aquaculture Development in Croatia

Presented are draft guiddines for sustainable aquaculture development within
Adriatic idands, costal and marine ecosystems, with preference given to the extensive
polyculture practice: integrating native species of shellfish, seaweeds, urchins, crabs
and finfish.

Vision statement

Aquaculture development has to be advanced in a manner that is environmentally
sustainable protecting the quality of the environment for other users, whileit is
equally important for society to protect the quality of the environment for
aquaculture. Adherence to both aspects requires effective and transparent research,
adaptive management, monitoring, enforcement and incentive. The Government-
approved and industry/stakeholders-led * Environmental Codes of Practice’ and
National Aquaculture Plan will support this approach through the Integrated Coastal
Zone Management implementation.

Rdevance and importance of sustainable aquacultur e development

Aquaculture is one of the fastest growing sectors of the world economy. Around the world,
sustainable aquaculture has proved to be arevitaizing economic force in rura idand and coastal
communities — areas where sustainable economic development is often difficult (Frankic, 2002). In
such communities, however, the introduction of aquaculture into areas traditionaly used largely for
commercia fisheries and a variety of recreationa activities have sometimes coincided with
impassioned user group conflict. To overcome this imbalance for the benefit of Croatians, a
planned, balanced and inclusive community approach to rura economic and socia development is
required. Through effective research, development, monitoring and incentive programs that
maintain ecosystem integrity and balance human values, economic development can be attained in
an environmentally and socidly sustainable manner.

Paolicy, L egidation & Regulations

Sustainable use of Croatid s coastal and aguatic resource base requires an appropriate and enabling
regulatory framework that is supported by clearly delineated national, county and local roles and
responsibilities and transparent accountability agreements. At al levels, the roles of agencies
involved with aguaculture should be clarified. Central themes should include Site access, property
rights, food safety, productivity, competitiveness and environmental sustainability. Incorporating a
planned approach to resource use and management, a streamlined and inclusive review process
would provide a practical mechanism for timely conflict resolution. Moreover, such aframework
would be conducive to the development of a balanced and objective public service culture with
respect to aguaculture and other users of the islands, marine and coastal resource base, such as
fisheries, tourism, nature conservation and agriculture.
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National Codes of Conduct and Practice

Codes of practice amount to generaized and agreed forms of mitigation for the impacts of a sector,
sub-sector, or individua farm. They should also serve as standards against which aguaculture
siting, design or operation may be assessed. Thereis an increasing interest in codes of practice on
the part of international organizations, governmerts, and the industry itsalf. This provides an
incentive for the aguaculture industry (and supporting governments) to further promote adoption of
environmentally and socialy responsible farming practices through appropriate standards or codes
of conduct. Examples range from general to specific and include the FAO Code of Conduct for
Responsible Fisheries, and the associated Technical Guidelines; the Global Aquaculture Alliance
(anewly formed international industry association) Codes of Practice. Countries that are engaged
in aguaculture devel opment should develop and implement their national aquaculture plans and
codes of conduct.

Sustainable development criteria

Planning for sustainable uses must be a process that comprehensibly and holisticaly analyzes
idands, marine and coastal systems: natura resources conditions, human uses and socio-economic
aspects. Saocio-economic sector conflicts can be managed smply by controlling where certain
activities are undertaken (e.g. different types of agriculture, tourism, aquaculture, fisheries, nature
conservation etc), but sustainability can only be attained when environmental conditions are
appropriate. This means that choices should be based on environmental requirements and
suitability for the activity and the activity’s interactions with the environmental resources. Site
suitability assessment and implementation must incorporate physical, biologica as well as socio-
economic, and cultural factors.

The concept of sustainable development is ssimple and important, but trandating it into specific
standards or criteriais difficult and often subjective. Although many specific sustainability criteria
have been proposed there is no single universally agreed set.  In assessing the sustainability of any
activity, consideration should be given to at least the following:

- environmenta impact;

- the sustainability (or continuity) of supply, and qudity of inputs;

- the social, environmental and economic costs of providing the inputs (e.g. depletion of resources
elsewhere);

- the long-term continuity (or sustainability) of production;

- financid viahility;

- socid impact and equity; and

- the efficiency of conversion of resources into useful products.

In general, idands and coastal ecosystems sustainable development strives to maintain or restore a
balance between natura and human environments. Therefore, sustainable development, in this case
of aguaculture, will involve management in time and space of the constant interactions between
ecologica and economic, and socia and natura variability, supporting co-existence of ecosystems
and lifestyles side by side. Natural and cultural components of the islands heritage are inseparable
and could not be addressed independently of each other, neither in development planning or
conservation efforts.
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Benefits of Aquaculture
- increase household food supply and improve nutrition
- increase household resilience through diversification of
income and food sources
- strengthen marginal economies by increasing
employment and reducing food prices
- improve water resource and nutrient management at
household or community levels
- preserve aguatic biodiversity through re-stocking, and
recovering of protected species
- reduce pressure on fishery resources if done sustainable
- improving/enhancing habitats
- stimulates research and technol ogy development
- increase education and environmental awareness,

Risks of Aquaculture
- sediment hypoxia/anoxia resulting from organic enrichment

(generally local but occasiondly far-field)

- carbon/nutrient enrichment of the water column and benthos (leading
to reducing conditions and hypoxia) (often with far-field implications)

- reduced levels of dissolved oxygen in awater column (as aresult of
eutrophication) (often with far-field effects)

- chemical, pharmaceutical, and toxicant inputs to sediments and water
column (with local and far field effects)

- "debris" from foods, aguaculture structures, support vessels,
consequences of "redistributions®, including bioinvasions, pathogens
and disease (often as a consequence of crowding), changesin natural
community structure, and introductions of genetically modified culture
stocks

- directly causes negative impacts and pressure on mangroves ecosystem
changesin trophic (‘food web'’) interactions and productivity

- changesin biodiversity;

Social impacts

Socia impacts or effects are “dterations in the way people live, work, play, relate to each other and
organize to meet their needs, as well as changes in the values, beliefs and norms that characterize
their 'group’ and guide their individual and collective actions” (UNEP, 1996). Social impacts may
be categorized as follows:

- demographic impacts such as changes in population numbers, population characteristics (such as
Sex ratio, age structure, in-and-out migration rates and resultant demand for social services,
hospita beds, school places, housing, jobs etc);

- cultural resource impacts including changes in archaeological, historica and cultura artifacts and
structures and environmenta features with religious or ritua significance; and

- socio-cultura impacts including changes in social structures, socia organizations, socid
relationships and accompanying cultural and value systems (language, dress, religious beliefs,
rituals).
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Information on most of these impacts should be collected through the public involvement program.
It is recommended that social scientists, preferably with considerable local knowledge, lead any
public involvement program and analyze the information generated related to socia impacts.
However, they should work closely with biophysical scientists or economists working on the team.

Aquaculture Zoning

Zoning is one of the few available approaches for avoiding or pre-empting issues of resource use
conflict. The aternative, where resource use conflict may be an issue, is a conflict resolution. In
practice the two are related, since zoning may be a solution or mitigation measure proposed
through the conflict resolution process. Furthermore, public involvement should play akey rolein
the definition of zones (e.g. County physica plans and public reviews/inputs), and agreeing the
rules or procedures that should apply to such zones. Zoning can be undertaken most effectively as
part of a broader integrated coastal planning and management initiative, since rationa allocation of
land or water to specific activities requires a thorough assessment of the strengths and weaknesses
of aternative uses. Zoning may be used to define exclusive zones for particular activities, priority
zones, or mixed zones. The approach should depend on local circumstances. If a zoneis allocated
to aguaculture and/or other activities, the issues of biodiversity conservation, pollution and water
quality can be addressed systematically. First, environmental quality standards (EQS) for the zone
should be set. One example of such standards relating to major coastal ecosystem typesis
presented below. This addresses one of the main problems- the need for consistent criteria against
which impacts can be monitored and evaluated.

Environmental Criteria that have to be considered but are not limited for
aguaculture zoning and site suitability selection (based on PAP/RAC, 1996; and
Frankic, 1998):

- Land use/land cover

- Speciestypes (finfish, shellfish, algae, herbivorous, autochthonous)

- Exposure

- Depth (bathymetry)

- Currents (velocity, direction, surface and through water column)

- Wind (fetch, speed and direction)

- Coastal topography (slope, geology, pedology)

- Substrate (benthic type and quality)

- Suspended matter

- Trophic status (e.g. oligotrophic)

- Water quality (%0, temp, ppt, coliforms, heavy metals, nitrate, phosphate,
chlorophyll, etc.)

- Fouling

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

- Threatened and endangered species, habitats

- Protected areas, MPAs

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

- Accessibility (related to transportation, roads, etc)

- Site carrying capacity (environmental capacity) (maximum number of
users/species which can be supported by a natural or manmade resources
without producing negative environmental consequences to their future
productivity, structure and quality)

- Finfish feed quality and quantity (strict regulation of GMOs),
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Aquaculture Sting

Environmental conditions present constraints and opportunities in the siting of idand, marine, and
coastal aguaculture operations. Consideration of environmental conditions isimportant to
anticipate and avoid many adverse impacts that could result from establishing an aquaculture
activity. Multiple criteria andysis must be considered when determining the suitability of a site for
aquaculture. Regions characterized by poor circulation, extensive accumulations of sediment
organics, overwhelming recreational and commercial endeavors (marinas, race-courses, diving,
fishing, port activities, etc.) will, generaly, not be effective sites. An understanding of other human
activitiesin the area, as well as wesather, surface waters, underground springs (vrulje), shoreline
processes, ecosystems quality, migratory birds and species at risk must be applied to the site
selection and ultimately the environmental assessment of an aquaculture project. In support of an
environmental assessment, the location of the proposed project should be clearly identified on
detailed topographic maps aong with any inlets, springs, or smal bays. Anintegrated GIS of the
site(s) should be prepared which includes the coordinates (GPS, latitude and longitude) and
dimensions of the lease and its relation to the shordline to allow reviewers to visualize the layout of
the proposed devel opment.

Siting in particular is difficult to change once an aquaculture development project is proposed,
snceit will beinitiated largely on the basis of the availability of a Site. Sector environmental
assessment of aquaculture should identify opportunities for mitigation of the impacts of the
aquaculture within a particular area (for example a bay, estuary or watershed). If possible, they
should be brought together within the framework of an aguaculture development plan, idedly as
part of an Integrated Coastal Zone Management Plan (ICZMP).

Assessment and Classification of Aquaculture Areas

Government agencies are responsible for monitoring bacteria water quality in shellfish growing
areas. Based on results from water surveys, recommendations should be made on the suitability of
coastal waters for the harvesting of shellfish. Surveys are based on the sanitary and bacteriologica
water quality conditions and areas will be classfied as approved, conditionally approved or closed
to shdlfish harvesting. Shellfish contamination can aso result from the build-up of chemical
substances such as metals, pesticides and chlorinated organic chemicals. This approach also
promotes pollution prevention, remediation and restoration of shellfish growing aress. It is
necessary to continuoudly provide regular testing of commercidly harvested shellfish for bacteria
contamination and maintain a marine biotoxin surveillance program of shellfish growing areas (e.g
Mali Stone Bay, Limski channel, Novigradsko more).

The assessment should document and take into account the following potential influences on the
proposed project based on past and existing human use of an area:
Areas of known or suspected contamination;
- Land-based sources of pollution including point and non-point sources;
- Exigting infrastructure;
- Proximity of other aguaculture operations;
- Current and potential water-based activities and uses,
- Digposal at sea sites.
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Effects of the environment on aquaculture

Among the environmental parameters that can impact marine aquaculture operations are those
related to climate and meteorological conditions and water temperature. Climatic conditions are
important factors in selecting a site for an aquaculture facility. They can aso influence the choice
of materials, Sizing and placement of structures, and possibly, seasonal accessibility. The following
factors should be investigated as part of the assessmert:

- Temperature - abrupt or drastic changes in the ambient water temperature can induce
physiological stress on the cultured animals. Changes in production levels and incidents of high
mortality rates have been attributed to water temperatures outside the seasonal norms,

- Waves - fish containment structures must be designed and built to withstand repeated wave
action and large waves that may result from storm events. Additionally, growth rates, food-
conversion efficiency, and resistance to disease can be impaired by mechanical stress such as wind-
generated wave action;

- Currents - excessively fast currents will stress fish, reduce growth rates, pose strains on gear and
moorings, and may resuspend and release contaminated waste materia to down drift areas;

- Precipitation and Runoff - seasona fluctuations in precipitation can affect the volume,
availability, and quality of the water supply in and around cage sites;

- Fog - thick fog may hamper operations and constitute a hazard to navigation;

- Wind climatology including the frequency of wind speeds above operational thresholds, as well
as the return periods for extreme and design events.

Physical and biologica changes in the environment, which may be shaped by the effects of
potential climate change scenarios could have implications for the aquaculture industry. Based on
current climate change predictions, aquaculture activities could be affected by changesin
hydrologica variability, such as.

- Changes in precipitation leading to changes in water quantity and quality;

- Anincrease in average ambient air temperature may increase the temperature of surface water
sources. This may result in lower water and dissolved oxygen (DO) levels, which could
subsequently promote increased growth of algae and bacteria

- Changes in aquatic habitats may affect fish production and aquatic biodiversity.

Hydrology and Shor€line Processes

There are anumber of physical characteristics of awater body that will influence both the
productivity and potentia impacts of a cage culture facility. The following hydrologica
characteristics should be investigated for the proposed site and considered in the assessment:

- Shelter conditions, bathymetric data, water depth and volume. Adeguate depth (more than 50 m
is suggested) which is important for keeping accumulating fish wastes away from the cages and for
maintaining adequate circulation through the cages,

- Current speeds, directions and flushing times;

- Digpersion characteristics of the site and an assessment of near-shore currents and littoral/drift-
bed load processes. Thisinformation will alow the extent of the potential zone of influence
including impacts to shorelines processes to be determined.

Water and Sediment Quality
Water quality is of primary importance to the health and sustainability of aguaculture operations.

Cages must be placed in uncontaminated waters and it is equally important that the quality of the
waters below and adjacent to cages not be degraded as a result of aquaculture activities. Basdline
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information should be evauated in relation to predicted changes resulting from the proposed
aguaculture facility and other inputs to the receiving waters. Any published water and sediment
qudlity objectives should be referenced as applicable. Among the important parameters that should
be discussed in the assessment are:

- Dissolved oxygen (DO). DO is the most important chemical parameter influencing fish
productivity. (e.g. in genera, DO levels should be above 5 ppm);

- Seasona temperatures (water and air). Temperature affects activity levels, feeding, growth, and
reproduction;

- Suspended solids. High levels of suspended solids can decrease water clarity and impair
invertebrate and vertebrate feeding;

- Redox potentia (Eh). Measures the degree of oxygenation in the sediment. This aong with
sulphide levels will help to predict the ability of the sediment to metabolize organic wastes;

- Nutrient and biologica characterigtics influencing water quality which should be assessed
include:

- Nitrates, nitrites, phosphorus and ammonig;

- Vegetation cover and general riparian habitat;

- Propensity for dga blooms;

- Types and abundance of aguatic biological communities;

- Other parameters (e.g. metals, organic compounds) that may be present depending on the other
activities and discharge sources that have been identified.

If there are other aguaculture operations, agricultural and/or other industrial activities (or if there
are likely to be in the future) contributing discharge or runoff to the recelving water, the
assimilative capacity of the water-body should be considered. Assimilative capacity can be
determined by a number of physical, chemica and biologica factors. Chemical factors may include
nutrient levels (e.g. nitrogen, phosphorus) and the nature of industrial discharges. Biological factors
include plant composition and abundance; fish types and abundance; and the compaosition of
invertebrate populations (e.g. in benthic ecosystems).

Migratory Birds, Species at Risk and their Habitats

I nteractions with and conflicts between aguaculture operations and wildlife species have become
significant management issues for proponents and regulatory agencies. In generd, the expanding
aquaculture industry is increasingly using more coastal migratory bird habitat important for
feeding, staging, wintering, and nesting. At the same time, concentrations of easily accessible fish
are atempting food source for avariety of migratory birds and mammals. The attraction of
predators can result in direct competition for the habitat of species at risk.

Avoidance of any area where migratory birds and species at risk may be impacted by the
construction and operation of an aguaculture project is the preferred approach. In support of this
strategy, the description of the proposed project area (site suitability analysis) should include
information on the terrain, biological settings, habitat types, and wildlife use. The site map should
identify al environmentally significant areas and other types of protected areas withina 1 km
radius of the proposed site that have been established, in part, to protect migratory birds, species at
risk and their habitats. Among the designated areas that should be identified are:

- Ramsar Sites, as identified by the Ramsar Convention (Convention on Wetlands of International
Importance, etc.)

- Important Bird Areas, National parks, other protect species and habitats
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a) Migratory Birds
Attention should be given to:

- Species of migratory birds likely to be present, their seasond occurrence, relative or absolute
abundance, and population trends;

- Areas of migratory bird concentration such as breeding areas, colonies, spring and fal staging
areas, and wintering areas,

- Ongoing or proposed recovery, rehabilitation, remediation, or improvement plans for migratory
birds. - Food sources and/or feeding areas for migratory birds.

b) Species and Habitats at Risk

Severd provincia jurisdictions have enacted regulatory protection for species at risk and pending
federal legidation are intended to provide alega definition of their habitat. Priority should be
given to identifying any species at risk that are using the proposed site either permanently or
temporarily. Specific attertion should be given to identifying:

- Presence of species at risk listed with, or under review by MEPPP, international conventions ?
- Ongoing or proposed recovery, rehabilitation, remediation, or improvement plans for species at
risk

- Food sources and/or feeding areas for species at risk.

Reducing I nteractionswith Migratory Birds

Even if migratory birds are not present at the time an aquaculture facility is established, they may
be attracted to a site if it provides afood source, safe breeding and loafing, or shelter. Design
options and aterations that reduce the attractiveness of a facility to birds include:

- Eliminating safe roosting and perching places;

- Increasing the depth of the containment units below the surface of the water to reduce the
attraction of surface-feeding birds such as gulls;

- Locating young/small stock which are more vulnerable to predation to an area where they are
less accessible to predatory birds;

- Placing agood quality protective netting on the sides and tops of cages to protect fish stock from
bird and mammalian predation. Top nets must be placed, installed and adjusted so that they do not
sag under the weight of preying birds, enabling them to more easily reach the fish;

Management Optionsfor Wildlife I nteractions

Even when all feasible avoidance and design features have been incorporated, the concentration of
potential food within a fish farm remains an obvious attraction to predators. This can resultin a
number of problems for the operator including:

- Thedirect loss of fish from consumption, injury, or stress,

- Damage to holding facilities by predators and a possible increase in fish escapes,

- Interference with feeding (predators consuming food or disturbing the feeding process).

The presence and activities of migratory birds in the vicinity of the operation should be regularly
monitored. The species, approximate numbers, behavior, and time of year should be documented
and proponents are encouraged to report information to the responsible agency and seek advice as
appropriate. It isimportant that measures be implemented as soon as the presence of birds begins to
interfere with the operation of the aquaculture site. Opportunities for improving feeding and
husbandry practices that will reduce the attraction of birds to the site should be considered. Scare
techniques should also be considered on a contingency basis.
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Aquacultur e Facility Design

Inherent in choosing a suitable location is ensuring the project fits Site conditions. The

environmenta assessment should include areview of preliminary design details including the
identity of the species to be cultured (provide common and scientific names) and the nature of the
lease (e.g. new Site, expansion or dteration, renewal). Mitigation measures that can be incorporated
into the design should aso be discussed such as those that will reduce interactions with migratory
birds and species-at-risk and deal with extreme weather events.

Cage Structureand Material

The type, material, size and number of cages to be placed at a site should be indicated. Cage
structures should both effectively protect fish from predation and prevent the escape of cultured
species (including meeting any recognized Codes of Containment or other applicable standards
established by law). Cages should aso be designed to withstand climatic and sea state conditions.

L ocation and Placement of Cagesin Water

Cages should be located where water circulation will alow adequate waste dispersion and maintain
high levels of dissolved oxygen. It isimportant that there be adequate clearance between the cage
and the water bottom. Waters with cages placed too close together are more likely to have low
dissolved oxygen levels and reduced circulation. Along with referencing applicable siting criteria,
the following suggestions for cage placement should be considered:

- Avoid shallow areas and areas with aguatic vegetation;

- Place unitsin an area where there is good current action. Current action facilitates water
movement through the cage system that removes metabolites and replenishes oxygen. Current
measurement data should be provided;

- Depending on the direction of prevailing winds and currents, orient the cages so as to prevent
debris from collecting between them;

- Locate cages where disturbances from people and animals can be minimized.

Site Preparation and Construction

As discussed, aong with the grow-out cages, a variety of facilities and infrastructure such as access
roads, buildings and docks may be needed to support an aquaculture operation. Preparation for the
construction of such facilities can involve clearing and grubbing of vegetation, excavation,

dredging, infilling and grading. The following information should be provided in support of an
environmental assessment:

- Time-frame and schedule for site preparation and construction activities,

- Areal extent of any disturbance both in-water and on-land;

- Methods, materias, and equipment to be used;

- Provisions for storage and handling of materials and response measures for spills or releases;

- Provisions for waste management.

Environmental Effects

Machinery, equipment, and personnel associated with construction activities represent sources of
sensory disturbance (e.g. noise, light) to migratory birds and species-at-risk. Depending on the time
of year, the result can be altered feeding patterns and disrupted breeding and staging activities.
Certain species (e.g. cliff-nesting birds, colonia birds) are prone to panic and even temporary
abandonment of nests by adult birds can cause an increase in predation of unguarded eggs and
young. Species at risk are much more sensitive to disturbance and it isimportant that all activities
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be carried out so that adverse effects on these plants and animals are avoided. In-water work such
as dredging and ingtallation of cages and on-land disturbance leading to erosion, can degrade water
quality. Materials and wastes pose hazards to environmental quality, migratory birds and species at
rsk.

Building Best Practices into Project M anagement

Strategies for enabling compliance with applicable regulatory provisions protecting migratory birds
and species-at-risk and for mitigating potentia impacts should include:

- Maintaining a buffer zone where no activity occursin proximity of important habitat;

- Scheduling sSite preparation and construction activity outside of the breeding season for
migratory birds and species at risk;

- Avoiding concentrations of migratory birds when using boats and other machinery;

- Educating construction personnel on measures to be taken in avoiding the disturbance of
migratory birds and species at risk.

Maintaining Water Quality
All activities associated with establishing an aquaculture operation should be carried out in a
manner that ensures compliance with the general prohibition againgt the deposit of a deleterious
substance into waters frequented by fish. This recommendation suggests that human activities
should not cause suspended solids levels to increase by more than 10% of the natura conditions
expected at the time. In addition, it is recommended that no solid debris including floating or
drifting materials or settle able matter be introduced into marine and estuarine waters. An erosion
and sedimentation prevention and control plan should be developed and implemented to facilitate
mitigation of adverse impacts on water quality.

- Scheduling congtruction activities to take into account seasona congraints and to avoid periods
of heavy precipitation (e.g. consult extended range [3-5 days] forecasts);

- Installing sedimentation control structures prior to any land disturbance and monitoring captured
water prior to release;

- Ensuring natural water and drainage flows are retained and maintaining vegetated buffer zones.

Management of Materialsand Wastes

Congtruction activities may involve the use of hazardous substances such as petroleum products,
fresh concrete, concrete additives, preservatives, paints, solvents, process chemicals, and cleaning
agents. Hazardous wastes such as waste oil and residual chemicals may be generated as a result of
using these products. A strategy for the management of materials and wastes should reflect
consideration of the following best practices:

- Placing a priority on using nontoxic products,

- Storing materiass, refueling and maintaining equipment and machinery in a designated area
away from any water bodies/wetlands and in accordance with applicable regulations;

- Developing contingency plans to enable a quick and effective response to an event following the
accidental spill or release of hazardous materials and substances. All spills and releases should be
reported to the appropriate 24-hour emergency response line;

- Incorporating careful planning and purchasing to reduce the volume of surplus and waste
material (e.g. order only the amount of material that is required, purchase pre-fabricated
structures);

- Placing a priority on opportunities for reuse or recycling of products. Waste and surplus materia
should be disposed of at approved sites and in accordance with applicable provincia and municipal
regulations.
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Aqguacultur e oper ation maintenance

The day-to-day activities at an aguaculture operation should be guided by good operating practices
that are focused on the maintenance and management of equipment and environmental controls.
Following these practices can help to reduce stress in the cultured fish and possibly the
requirements for chemical applications thus reducing potential impacts on aquatic systems. Among
the practices that should be incorporated into the operation of afacility are:

- Monitoring water quality parameters including dissolved oxygen, pH and temperature and
making operational adjustments as appropriate;

- Monitoring sediments beneath the cages and at predetermined locations away from the cages;

- Avoiding unnecessary disturbances of the fish by restricting activities around the cage site;

- Avoiding unnecessary or excessive handling of fish;

- Promptly removing diseased and dying fish.

As part of the ongoing operation and maintenance of off-shore aquaculture operations there are
continual inputs of food, medications and other chemicals to the culture environment.
Consequently, large volumes of unconsumed feed, residua chemical substances, and fecal and
metabolic matter may be present in the water column and sediments directly below and adjacent to
cages. In sufficient quantities, these materials will contribute to the degradation of ambient water
quality by decreasing oxygen content and increasing the concentrations of suspended solids,
ammonia and nitrogen compounds, organic matter and metals. Other periodic or intermittent
operationa and maintenance activities which could generate adverse environmental effects include
harvesting, cleaning of equipment, and reapplication of preservatives. The assessment should
include the identification of products to be used at the facility and a description of operational and
mai ntenance procedures that incorporate best management practices and opportunities for pollution
prevention and reduction.

Disease exchange and stock movement protocols

Many socia and economic benefits as well as environmental affects have accrued from the
importation of aquatic animal species for aquaculture. Therefore, requests for importation of fish,
shrimp ad other species for an aguaculture project need to be given special attention in
environmental assessments. The main concerns are introduction of diseases (which may impact
aquaculture and wild fisheries) and impacts of introduced species on indigenous biodiversity
resulting from escapes of aguaculture species. Following an appropriate quarantine strategy can
minimize the risk of introducing new diseases. Although, the Guidelines are being developed
relating to these issues (FAO/NACA 1998), the Government of Croatia and responsible
Ministries should as well develop and establish detailed responsible guidelines and
regulationsfor existing and potential aquaculture species (e.g. Code of Practice)! Guiddines
on procedures for assessing the risk of ecological impacts, including those on biodiversity, are
given in the ICESJEIFAC Code of Practice on the Introduction and Transfer of Marine Organisms
(ICESJEIFAC, 2001).

Management of the Cultured Species

The assessment should include a brief description of proposed management and production
regime of the cultured species during operation, including:

- The proposed stocking rate with reference to relevant guidelines,

- Initia weight, and anticipated harvest weight (in kg);

- Estimated mortality rate (percent per year).
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Feeding

Developing and maintaining an efficient feeding regime requires an understanding of interactions
and rel ationships between a number of variables including: fish size; feed type and formulation;
feeding rates and methods; and, loading densities and water temperature. The selected feeding
regime and quality feed type have very important implications for environmenta impacts.

Environmental Impacts Related to Feeding

Two general types of waste are produced from feeding fish, as well as underneath aggregations of
cultured bivalves (specifically mussels):

- Solid material, suspended solids, which may include faeces, pseudo faeces, uneaten feed, organic
matter, and nitrogen-phosphorous containing compounds.

- Soluble materia including dissolved nitrogen and phosphorous that originates from fish
metabolism and the breakdown of wastes (solid material). In their soluble form these nutrients are
difficult to remove from water. Nitrogen tends to be quickly transported out of the system in
soluble form, while phosphorous is more readily incorporated into the sedments and dowly
released in soluble form. One of the problematic nitrogen based compounds is ammonia, which is
excreted into the water as waste. Excessive anmonialevels may harm aguatic life by atering
metabolism or increasing body pH.

Dispersion of wastes in the water column depends on severd factors including the current regime,
tidal action, depth, and the sinking velocity of solid particles. Abundant or extensive waste
accumulation can have adverse effects on the surrounding aquatic environment and should be
addressed in the assessment. The build-up of solid food waste on the ocean floor increases the
activity of aerobic bacteria, which, if prolonged, could lead to deoxygenating of the sediment. This
may lead to the growth of anaerobic bacteria, which can produce noxious gases potentially
impacting both the cultured fish and aguetic life in the surrounding environment. Therefore, the
environmental impact assessment should demonstrate an ongoing commitment by the proponent to
selecting feed formulations that can have the least environmental impact. For example, fish feeds
that are nutrient-dense and high in energy have improved feed conversion efficiencies (the amount
of feed required to produce one pound of cultured animal), which resultsin less waste.

Environmental impact assessment should consider:

- Utilizing feeds with low nitrogen and phosphorous content, which achieves a higher feed
conversion efficiency ratio and a reduction in excreted waste. Feed that is high in lipids (fats)
relative to proteins can reduce nitrogen excretion;

- Supporting and where possible participating in research directed toward reducing the percentage
of fishmeal in cultured fish. This can help relieve the pressure on wild fisheries, which comprise a
large proportion of fishmeal and can aso reduce the phosphorus content. Substitutes that might be
consdered include soybean medl, corn gluten meal and blood med;

- Utilizing feeds with alow percentage of fines (inedible pieces of feed) and free of low
digedtibility binders and fillers, and

- Ensuring proper storage to maintain the nutritional quality and palatability of feed.

Fish feed isavailable in avariety of types with either wet or dry, and floating or sinking pellets
being the most common. Characteristics considered in feed selection include pellet formation, size,
digedtibility and paatability. Selection of the type of feed, in terms of physical attributes, can dso
greatly influence the amount of waste produced at a facility and the resulting environmental
impacts. The following should be considered in the selection of feed types:

51



A. Frankic

- Floating (extruded) feeds alow the operator to visually monitor fish as they come to the surface
to feed. With sinking feeds, it is more difficult to determine what proportion of the fish are feeding;
- Hoating and dry pellets have grester stability, which enables the pellet to remain intact longer;
- Selecting the appropriate pellet size for the age and size of fish will help reduce feed wastage.

Feeding Regime and Techniques

The amount of and rate at which feed is given to a batch of fish, and the manner in which it isgiven
can help to maximize efficiencies and reduce waste production. As with feed particle size, there are
anumber of variables that will influence feeding regimes. Given the seasonal variability of many
parameters, the quantity and timing of feeding may change frequently. The following factors

should be considered in optimizing feeding regimes and techniques as well as to reduce potentia
environmenta impacts.

- Adherence to manufacturer’s guidelines and feed charts for recommended feeding rates,

- Evaluation of different feeder types and feeding techniques;

- Hand feeding alows the operator to better monitor the behavior of fish and more quickly detect
health problems and stress factors;

- Automated feeders are less expensive for larger operations and can be set to dispense feed more
evenly over the entire water surface;

- Demand feeders help to ensure fish eat when they are hungry and can reduce feed wastage;

- Avoiding the use of mechanical feeders that produce fines, or considering the use of on-site re-
pelleting technologies (sieving the pellets through a vibrating screen and then re-pelleting the
collected dust and particles);

- Feeding smaller amounts more often to prevent overfeeding;

- Using technologies such as video surveillance or hydroacoustics that can detect when feed has
reached the bottom.

Chemicalsin Aguaculture

In general, chemicals should not be used in sustainable aquacultur e practices! However, a
variety of chemical substances are used during the operation of an aquaculture farm. The purposes
for chemical use include water treatment, feed formulation, manipulation and enhancement of
reproduction, growth promotion, health management, and promoting added value to the final
product. Efforts in chemical management should first be directed toward reducing overal chemical
use through preventative medicine techniques combined with good husbandry and operating
practices. To reduce the environmental impacts of chemical use, procedures should be in place to
ensure their safe and effective application. This includes developing health management plans,
educating site personnel on product knowledge and health and safety procedures, as well as the
appropriate selection, handling and application of chemical substances.

Medicinds, aso called chemotherapeutics, therapeutants, or pharmaceuticals, includes:

- Antibiotics - used to treat infections caused by a variety of bacterial and fungal diseases.
Commonly administered by mixing with feed or gpplying topicaly in a bath;

- Vaccines - usually administered by injection to produce or increase immunity to particular
diseases,

- Anesthetics - used to sedate or immobilize during handling or transportation;

Additives

- Water treatment and conditioners - include flocculants and conditioners to reduce turbidity. Lime

may be used to control pH of the water and zeolites may be used to remove ammonig;
- Vitamins - vitamins C and E are often added to fish feed;
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- Hormones - added to fish feeds to control sex, growth rates and ovulation;
- Colorants - dyestuffs and organic pigments added to feed to produce artificia coloration in the
tissue and flesh.

Disinfectants are chemicals used primarily for cleaning growing structures and other equipment.
The most common disinfectants used are chlorine and chlorine compounds and formaldehyde and
iodine derivatives. Other preservatives and other chemicals associated with structural materials
such as plastics, treated woods, and some metal compounds. Pesticides, PCB's and other
chlorinated substances like dioxin can hurt the ability of fish to reproduce, affect hormones,
decrease the chances of survival for the offspring and cause skeletal deformities and devastating
defects in heart devel opment.

Environmental Effects of Chemicals

Whenever chemicals are used or applied, residua amounts of the substance may enter the aquatic
environment. Chemical releases to the environment through routine inputs of feed and faeces
containing various additives are likely to occur continuoudly at low concentrations. An
understanding of the persistence of chemicals in the aquatic environment, potential toxicity to non-
target species, and inhibition of microbia activity in the aguatic environment are key to assessing
potentia impacts.

Direct and indirect exposure of contaminants to other fish, wildlife, and plant-life may result when
chemicals are improperly stored, handled, or applied. For example, birds may eat feed mixed with
chemicals, and fish can absorb pesticide particles through their gills. Exposure to contaminants
may also occur viathe release of waters containing chemicals. Non-target species can become sick,
exhibit growth or reproductive problems, or die as aresult of chemical exposure. For example, it is
known that pesticides used to kill some parasites are aso letha to many other invertebrate species,
and may have acute and sub-letha effects on phytoplankton, macroalgae, zooplankton, accumulate
in fish tissue and interfere with physiologica processes. Certain chemicals have the tendency to
bioaccumulate, or build-up, in the tissues of species. High concentrations of contaminantsin a
species can sometimes lead to toxic effects on growth, reproduction and survival. As well, certain
bicaccumulative contaminants can aso biomagnify or increase tissue concentrations in higher
trophic level species such as predatory fish, birds, mammals and humans.

The microbial communities of aquatic sediments degrade organic matter and recycle associated
nutrients. Rates of oxygen consumption, ammonium and sulphide production in sediments are dll
highly dependent upon microbia activity. Accumulation of antibacterial residues in sediments has
the potentid to inhibit microbid activity and to reduce the rate of organic matter degradation.

Preventative M edicine Practices

Implementing preventative medicine practices is important to maintaining healthy fish stocks.
Along with optimizing nutritiond requirements, feeding strategies, and hygiene conditions,
preventative medicine practices aimed at reducing chemical use and associated environmental
impacts include:

- Stocking certified fish that are free of pathogens and parasites

- Minimizing the risk of introduction and spread of infectious disease agents, through adherence to
standard fish introduction and transfer policies and protocol

- Maintaining optimal stocking densities. This will be species specific and should also be
reflective of ambient environmental conditions such as water current velocity and consequent
oxygen levels and exchange rates
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- Separating year classes at the facility. The practice of stocking only one generation of fish at the
site at one time can reduce the risk and spread of disease and parasites from parents to progeny

- Avoiding the overuse of antibiotic drugs to prevent rather than to treat a disease. The potentia
for development of antibacterial resistance can reduce the long-term efficacy of adrug

- Implementing a vaccination program. Vaccinations are routinely used as atool for disease
prevention and to promote good health in aguaculture species. Any vaccination program must be
administered under the advice and direction of a licensed veterinarian

- Regularly monitoring fish growth and behavior and adjusting feeding strategies and stocking
rates accordingly.

Waste M anagement and Disposal

In addition to the dudge, which accumulates beneath cage sites, there are other types of solid and
liquid waste that require additional considerations for containment and disposal. In particular,
mortdities, bloodwater and offal generated during harvesting and processing must be dealt with in
accordance with avariety of municipal, provincia and federal requirements. Nonhazardous solid
waste will aso be generated as part of the operations of an aquaculture site. Some of the
management options, which should be considered in the assessment, include:

- Prompt collection of mortaities and disposa at an approved site. Composting should be
considered where facilities are available. Disposa sites and methods that will minimize the
attraction of scavenging birds and wildlife should be selected;

- If harvesting takes place on-site, containment and disposal of bloodwater and offa should be in
accordance with appropriate regulations (e.g. fish processing plant, approved wastewater treatment
fecility, approved landfill Ste);

- Purchase feed and supplies in bulk and consider opportunities for recycling and reuse;

- Securely store solid waste and dispose regularly at an approved location.

Fish escapes, alien species and GM Os

Aquaculture operations, particularly those in open waters, are always susceptible to some stock 1oss
as aresult of storm damage and predators. Losses can also occur during grading and harvesting
activities. Relevant laws and policies should gtrictly regulate introduction of aien species, as well
as use and introduction of GMOs and transgenics! The issues associated with fish escapes include:
- Competition for habitat and resources;
- Alteration of the genetic characteristics and, potentially, the genetic diversity of wild stocks;
- Establishment of self-sustaining populations by introduced species,
Introduction of new species may aso lead to introduction of diseases.

The following preventative steps should be addressed:

- ldentifying indigenous species and especially the population status of any species at risk;

- Design infrastructure to withstand extreme climate and sea state conditions;

- Incorporating additional preventative measures for higher risk activities such as fish transfer,
grading and harvesting;

- Deveoping and formaizing inventory control systems and regular maintenance and inspection
programs for equipment;

- Developing arecovery plan for escape events, which includes notification procedures.

Transgenic or genetically modified fish are produced by artificia transfer (microinjection) of

rearranged genes into newly fertilized eggs (Arai, 2001). This method has produced transgenic fish
with enhanced growth rates in common carp, northern pike, Atlantic salmon, coho salmon, rainbow
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trout and cutthroat trout (Delvin, 1998; Delvin et d, 1994; Hew and Fletcher, 2001). It is a short
cut to achieving genetic change for fast growth, disease resistance that cosigns rapid genetic
improvement of aquaculture stocks. Despite al the benefits for aguaculture, GMO technology
involves ethicd, religious, cultura, socid and most importantly environmental risks. Should we
alter our natural food that evolved over millions of years? Farmed fish tend to escape from fish
farms into oceans and compete in the wild and ecological relationship is unknown. These effects
could be uncontrollable, permanent, and irreversible, therefore proper risk management practices
and policies need to be applied on nationa and international levels. Mgjor concern is the escape or
release of genetically managed aquaculture stocks and their genetic and ecological impacts on the
wild populations and habitats. Another concern is the food safety of the public, causing al types of
national and international policies and regulations in order to control GMO production.

I mpact prediction and follow-up

Impacts on the environment can be avoided or at least minimized if provisions are made to
incorporate the applicable best management practices into the siting, design, and operation of an
aguaculture facility. However, even with implementation of best management practices,
aquaculture facilities will likely result in adverse environmental impacts and these should be
predicted for key environmental resources of concern. The information needed to predict impacts
on these resources of concern should be identified if they are aready not!!

In general, impact predictions.

- Should be presented as differences between the condition of a suitable environment without the
project, and the condition of a suitable ecosystem/environment with the project, over atimeframe
that takes into account the life pan of the proposed facility;

- Must take into account cumulative effects. This requires consideration of how other past,
present, and reasonably foreseeable projects and activities could combine with the impacts of the
proposed aquaculture project;

- Should be expressed quantitatively where practicable with uncertainties clearly recognized.

Mitigation measures that build on the best practices already integrated into provisions for project
management should be identified and implemented to aleviate the predicted impacts. With
attention to these recommended guidelines, however, the potential for impacts to be significant
should be minimized and the need for mitigation should be reduced.

A follow-up program should be designed to verify impact predictions, to establish the effectiveness
of the mitigation measures implemented and to enable timely adjustments to management of the
project. In light of the uncertainties in predicting impacts and in the effectiveness of mitigation,
alternate management approaches and contingencies should be reviewed and prepared. In
managing a project that is allowed to proceed, impact predictions should be adjusted to reflect
changesto the project (e.g. adding more cages) and changes in the environment (e.g. warmer water
temperatures) that can lead to ‘different’ environmental effects. Repetitive and systematic
monitoring of variables indicative of actua effects isimportant to follow-up.

Water quality monitoring a marine sites should provide a representative sampling of the water
body in terms of depth, circulation patterns and seasonal variation. A number of variables have
been broadly recognized as being the most appropriate to evaluate the water quality. These include:
temperature, suspended solids, dissolved oxygen, biochemica and chemical oxygen demand, total
nitrogen and phosphorous, and ammonia.
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Sediments should be tested (using a benthic grab) beneath the cage site and at predetermined
locations away from the cages to determine the spatia impact of the operation and to verify
predicted dispersion characteristics of the site. Sediment sampling and evaluation should be
designed to meet the requirements of appropriate permitting and licensing conditions and should
include grain size anaysis, total organic carbon, anmonia, sulphides, redox potentia (Eh),
pesticides, and trace and heavy metal contaminants such as cadmium, lead, mercury and copper.

Compr ehensive environmental per for mance assessment

An environmental impact assessment, and management plan coupled with an appropriate
monitoring programme, and possibly environmental audit, may form the basis for comprehensive
environmental performance assessment, and possibly associated certification and/or product
labeling (very important for marketing of Croatian products!). Although this may be an ambitious
target for aquaculture enterprises, some forms of coastal aquaculture (e.g. shrimp farming and
marine finfish), are supported by high value international markets with significant quality and
environmenta awareness (EC, 2002). An annual cycle of reporting and review is usually necessary
to meet regulatory requirements or quality standards. Examples of existing standards include
environmental management systems 1SO 14000 series and BS 7750, and quality assurance 1SO
9000 series. These or other standards may be linked to labeling initiatives resulting in a price
premium. If this premium can be passed down to the producer, there will be a strong incentive for
compliance and willingness to accept ingpections. This approach has the enormous advantage that
the market may ultimately bear the bulk of the cost. There has been aworldwide interest in
developing such standards, and linking them to a variety of environmental management initiatives
related to coastal aguaculture, including infrastructure (high quality water supply and waste water
treatment) and codes of practice. Aquaculture operations may be certified as producing culture
species based on recognized organic standards. International Federation of Organic Agriculture
Movements (IFOAM) Basic Standards provides organic production standards for agriculture and
aguaculture worldwide as a framework for development of certified criteria IFOAM includes
criteriafor: rearing of fish and servicing of cages; water quality; feeding; hedlth; fish re-stocking,
breeding and origin; propagation of fish stocks and breeding; and transport, killing and processing
(IFOAM, 2003).

Environmenta certification is followed by eco-labeling of the product and often requires the
implementation of a documented Environmental Management System (EMS). ISO’'s 14001 EMS
has been used by many organizations as a basis for environmental certification. One such
organization is the European Eco-Management and Audit Scheme (EMAS). EMASisa
management tool for companies to evaluate, report and improve their environmental performance.
Participation is voluntary and considers private and public organizations in the EU (EMAS, 2003).
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Table 1. Example of Shdllfish Aquaculture Protocol (based on Spencer, 2002)

A. Frankic

Suitability General Oysters M ussels Hard clams
Indicators
pH 6.0-8.5 6.75-8.75 7.0-85 6.75-8.75
Temp. (°C) 18-28 Opt. 15-25 Opt. 21-31
Salinity (%7?) 20-35 2535 20-35 Opt. 18-20
Suspended sediments | <10 10- 20
(mg/)
Dissolved oxygen >5 >3.64
(ppm)
Chlorophyll (ug/l) 2-8 4-8
Bathymetry (m) >1 >2
Salid, firm Solid Softer sediment
Bottom/habitat type substrate substrate sand, mud
Sheltered areas with
Exposure/ water tida flow 1-2 knots 50-100 20-50
movements (cm/s) (50-100 cm/s)
Mainly
Facilities and Areas of subaqueous fixed | Rafts,
activity structures, longline
longline, rafts
Accessibility (nearest | 500-5000 meters

boat ramp, roads)

Other physical
attributesin land
(land use/land cover)

Prefer riparian aress,
and wetlands;
Excluderesidential
areas;

Exclude SAV and
protected areas

Regulatory Factors

Speciestype native

Fecal coliforms

Cfu/100 ml 14

Nitrate mg/I 08

Phosphate mg/I 0.08

Dissolved oxygen >5

(Ppm)

Turbidity NTU <25

Heavy metals (mg/kg Mercury 0.5

flesh) Cadmium 2
Lead 2

Buffer zone around ??

facilities

65



A. Frankic

Table 2. Example of finfish Aquaculture Protocol (based on PAP/RAC, 1996; Frankic,
1998; Katacic and Dadic, 2000)

Suitability indicators GOOD MEDIUM POOR
BATHYMETRY (m) =50 30-50 <30
TOPOGRAPHY
(SLOPE) £30 30-45 > 45
WATER QUALITY
(fecd coliforms MPN/100ml) £14 14-88 > 83
SUBSTRATE SAND or GRAVEL MIXED ROCK MUD
SUBMARINE SPRING EXISTING EXISTING NOT EXISTING
EXPOSURE PARTIALLY EXPOSED SHELTERED EXPOSED
PHYSICAL ACCESS WITHIN IDIENTIFIED

BUFFER ZONE
WATER TEMP. (°C)
MAX. 20-24 2427 > 27
MIN. 12 10 < 6
OXYGEN (%) 100 70- 100 <70
SALINITY (ppt) %o 28-35 15-28 <15
Dissolved oxygen (ppm) >5
Chlorophyll (ug/l) ?? 2-8
Suspended sediments (mg/l) <10
Heavy metals
TROPHIC STATUS OLIGOTROPHIC MESOTROPHIC EUTROPHIC
EROSION LOW MODERATE HIGH
WATER DYNAMICS
(CURRENTS) (m/s) 02-10 1-15 >2
WAVES (m) 1 1-3 >3
SPECIES NATIVE
SELECTION
SPECIES TROPHIC ZONE
SELECTION POLYCULTURE MONOCULTURE MONOCULTURE
Buffer areas between
facilities Present but how big?
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Table 3. Example of management issues, options and outcomes in aguaculture suitability

gting.

Aquaculture Suitability Siting

Adjacent Coastal M anagement issues M anagement Outcomes
activity/use options
Water quality Zoning, and buffers:
Terrestria: (NPS urban runoff, storm water 1) exclusive use zones Suitableif buffers exists;
Residential runoff, wastewater runoff) 2) zoning with multiple | Socio-economic cost benefit

Agriculture commodity
(e.q. crops, livestock;
organic farms)

Socio-economic issues—
aesthetics, vision, smell, etc.

Water quality

(agricultural runoff, pesticides,
nutrients, erosion,
sedimentation)

uses

Type of Buffers and
their area?
(Riparian, wetlands)

analysis (advantages and
disadvantages of management
options)

Wastewater discharge,

Zoning, buffers

Environmental and socio-

Industry Sediment contamination Designating priority economic assessments
uses
Water quality * 200 m buffer? Suitable outside buffer but
Marina (wastewater discharges) zoning for marina sites depending on water quality

clean marinainitiative

Navigation (potential
conflict everywhere)

Water quality

Buffer?

7

Piers

Recreational fishing and boating;
Water quality

Buffer area (?)

Suitable outside buffer area

Beaches(public); and
bare areas as potential

Water quality
(pathogen contamination)

2 min shore buffer;
offshore buffer (?);
with public facilities

Suitable or optimal with
adeguate facilities and water
quality;

Recreation

(hunting, rec. fishing,
boating, jet skiing)
Wild harvest (e.g.
crabbing)

Invicinity of residential areas;
water quality issue;

Physical/spatial issue

Designating priority use

If aguaculture than nothing
else?!

Protected areas,
Sanctuaries, MPAs

Habitat restoration/protection:
Clams (brood stock area)
Oyster reefs

Blue crabs, SAV

Buffers/zoning

Vicinity isaplus/optimal
outside buffer areas

* bivalves as bio-indicators for water quality, and potential ‘nutrient sink’; also consider clean marina

initiative;
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Table 4. Marina site suitability indicators (based on Virginia Marine Resource
Commission, http://ccrm.vims.edw/marinasting.htm)

Suitability Indicators Desirable Undesirable

Closed for direct marketing of | Approved, seasondly

Water quality shdlfish; no potential for future | approved for shdlfish
productivity harvesting

Feca coliforms 200 > 200

Cfu/100 ml

Sinity (%?) Unsuitable for shellfish growth | Suitable for shdllfish

growth

Nitrate mg/I 1

Phosphate mg/l 0.1

Suspended solids/ 10

sediments (mg/l)

Mex. Wave height (m) <05 >05

Dissolved oxygen (mg/l) | >5 <2

Current/exposure < 1 knot > 1 knot

Bathymetry (m) >1 <1

Proximity to natural or < 50 feet to navigationa > 50 feet

improved channds channel

Threatened or

endangered speciesand | Absent Present

habitats

Designated shellfish No present or planned private Private lease or public

grounds lease or public ground within oyster ground in proximity
affected area

Dredging Does not require dredging Requires frequent dredging
Suitable buffer could be Cannot maintain suitable

Adjacent wetlands maintained around marine Site buffer area
Not presently used for Presently used for

Exigting use of Ste recreational, tourism uses, recreationa activities and
fishing, crabbing, etc. fishing, crabbing

SAV Absent Present

Shordline erosion

Shoreline protected by natural
or planted riparian vegetation

No shordline stabilization

Finfish habitat

Unimportant area for spawning
or nursery for any commercial
or recreational species

Important spawning and
nursery area
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Table5. Tourism dte suitability indicators (based on Frankic, 1998)

A. Frankic

Environmentally

Suitable Indicators Excellent Good Poor

Beach area capacity
(m2/person) 8-10 6-8 <6
SeaTemp. (°C)
for swimming >25
Water supply 200-250 100- 200 <100
(I/day/person )
Dissolved oxygen (mg/l) >5
Water quality (E.coli)
Drinking 0< 100 40-50 > 50 (MPN/100 ml)
Swimming (*) 100- 200 > 200 (MPN/100ml)
Suspended solids/ sediments
(mg/l) >5
Bottom type Sand, small gravel mud
Current/exposure Sheltered bays
Bathymetry (m) 05
Shoreline slope (%) 2-5
topography
Beach area access
(buffer zone 2000m) Within buffer zone

Sufficient, solar
Energy supply and alternative

resources present
Sewage systems
(Waste water treatment) Present
Protected areas,
Nature Reserves, MPAs Present
Cultural Heritage
Preservation Present
Food Supply, local
mariculture, autochthon Sufficient and

products

present on site

Sustainable Infrastructure &
landscape Design

Present
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Figure 1-2. Environmenta assessment includes data from satellite images.
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Figure 3-4. GIS mapping assessed exigting environmentd data. (Source: A. Frankic, 1998)
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Figure 5-6. GIS mapping of assessed existing environmental data. (Source: A. Frankic,

1998)
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Figure 7-8. GIS mapping of existing and planned activities and uses. (Source: A. Frankic,
1998)
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Figure 9. Example of IGIS site suitability andyss and moddling - smdl locd area.

(Source: A. Frankic, 1998)
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A. Frankic

Figure 10-11. Examples of IGIS use conflict anayss and moddlling, resulting in identified
suitable Stes for aguaculture (red points).
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A. Frankic

Figure 12. Example of herd clam aguaculture activities in Chesgpeske Bay (Source:
VIMSCCRM)

76



A. Frankic

Figure 13. Aerid photo of hard clam aguaculture Sites and GIS analysisis showing that
dtesarein optima Ste suitability areafor aquacuture. (Source: VIMS/CCRM, A.
Frankic)
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A. Frankic

Figure 14-15. Example of identified land use for aquaculture site suitability andyss (Ch.
Bay, Virginia) (Source: VIMSCCRM, A. Frankic)
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A. Frankic

Figure 16-17. Site suitability analyss for exigting aguaculture activities for hard clams and
oysters in Chesapesake Bay, Virginia; (Source: VIMS/CCRM, A. Frankic)
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A. Frankic

Figure 18. Exigting aguaculture Stesin Virginia (include mainly oysters, h. dams and soft

clams) (Source: VIMS/CCRM, A.. Frankic)
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A. Frankic

Figure 19. Will show exigting and suitable aguaculture areas in Croatia
(Source: Results of the Project- 1ICZM and mariculture development in Croetia)
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