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1.  Background

The remit of this Topic Group was rather wide-ranging and complex. This is reflected in the amount and range of accompanying documentation.

The present paper is both a synthesis and a preliminary synopsis of the Topic Group papers prepared for the 3rd Workshop by M. Eleftheriou.
Within the overall task which is to consider the scientific bases for monitoring aquaculture units, traditional methodological techniques  (monitoring of the water column{nutrients, plankton, sea lice, toxins, POC and BOD} and the sediments {benthic communities, organic carbon, redox potential}) need to be dealt with as well as whole system monitoring and assessment, which looks to the carrying capacity of an area, its adsorption and dilution of perturbation. Since the implementation of Environmental Standards concerning acceptable impact levels on sediments (e.g., NS 9400) depends for much of its effectiveness on modelling ,which in turn is directly linked to an accurate estimation of carrying capacity, it becomes important to ensure that the term “carrying capacity” is used throughout the group remit in a generally accepted and unambiguous manner (Smaal et al, 1998).

Synthesis of submitted Topic Group papers

PART 1
Analysis and Evaluation of Current Monitoring Practice 

The first task of the Topic Group was to analyse and evaluate current monitoring practice, i.e.,  to ascertain the following:

· what monitoring is being done

· who carries out the monitoring

· what methods and methodology are used

· how often it is being done


There are more basic underlying questions: what exactly do we mean by the term “monitoring” and what is its purpose? These are dealt with in Part 2.


It was felt that a compilation of monitoring practices and regulatory controls, though a necessary first step in the task,  implies outcomes beyond the simple collection of data. It became clear that descriptions of environmental monitoring practice,whatever its stated nature or purpose, had to be set in a legislative and regulatory perspective in order to compare and contrast what is prescriptive (i.e., what is legally obligatory) with what is actually taking place (i.e., current environmental monitoring practices). Those EU Directives incorporating environmental provisions which directly or indirectly concerned the aquaculture industry were identified. An attempt was made to ascertain whether these had been adopted by each individual member state and to show how far implementation of the legislation had proceeded. 


 In most EU countries with some aquaculture development, the legal framework which has been established to control aquaculture activities and set the institutional framework for the direction and the management of aquaculture activities, derives from a diverse international and national legislative basis (van Houtte, 1989). This is partly because many of the laws and conventions from which specific aquaculture measures were ultimately framed had their origin in legislation drafted for other purposes: environmental/ pollution laws, water quality regulations, capture fisheries legislation, nature conservancy, etc.

Since the 1970s, the European Union has introduced many Directives 1  which have led to the implementation of national legislation relevant to aquaculture. The EU has also introduced environmental provisions into all policy areas in order to emphasise the importance of environmental protection. There are EU environmental protection measures in the aquaculture sector at three levels: i)  general policy, ii) specific measures, and iii) regulations which control specific local conditions. 


There is a  range of specific control measures over aquaculture impacts on the environment. Aquaculture enterprises must comply with:

· legislation in force in all European member states designed to reduce pollution and safeguard environmental protection by the introduction of controls and measures in different formulations and giving emphasis to the environmental approach

· the emission standards fixed under Directive 76/464/EEC (Dangerous Substances)2 which created a framework which requires Member States to adopt pollution reduction programmes involving water quality objectives and discharge authorisations with emission standards based on the quality objectives

· effluent control techniques involving feed control ratios, limited use of drugs, antibiotics and other chemicals

· the use of environmental impact assessment procedures for watershed management, cage/pond siting, design and operation

· limited access rights for water and seed and limits upon introductions of exotic species. 


The attempt to ensure acceptable water quality standards across the European Union led to the establishment of a number of Directives and legal instruments: standards for popular bathing concerning water quality standards; the quality of bathing waters 3 ;  for freshwater used for drinking water 4 ; water designated for the support of fish life 5 ; for marine waters designated for shellfish cultivation 6 . Environmental Quality Objectives (EQO) and Standards (EQS) were developed for particular pollutants and discharges.  Directive 76/464/EEC (Dangerous Substances) covered the control of toxic and persistent substances and those which bio-accumulate (List 1) and also those which have a deleterious effect upon the aquatic environment (List 2). These Directives and Acts and others which have now been combined into one overarching Water Framework Directive 7 which affect aquaculture activities directly and indirectly.
Activities which encroach on Nature Conservancy Areas also became subject to various controls and measures. Directives on the conservation of wild birds 8 , and the conservation of natural habitats, wild fauna and flora and specially protected areas 9 ,  were drafted and implemented, the purpose of which was to establish a European network of protected habitats for vulnerable flora and fauna. The Dutch and German mussel fisheries in the Nature Conservancy area in the Wadden Sea are directly affected by this type of legislation, with mussel quotas determined on the basis of the needs of the wild bird protected populations. In addition, the concept of integrated Coastal Zone Management (CZM) which previously had been managed on a sectorial basis, began to exercise an increasing influence (ICES Workshop ” Principles and Practical Measures for the Interaction of Mariculture and Fisheries in Coastal Area Planning and Management”Kiel, Germany, 1994,to elucidate the CZM and in particular, equal rights for fisheries and mariculture in relation to other users (ICES, 1995)). 


EU environmental legislation is not, however, limited to the introduction of environmental requirements and the establishment of environmental standards. It is implicated in and inaugurates certain procedural formalities involved in the setting up of aquaculture activities, i.e., licensing procedures. All EU countries require state authorisation of some sort to set up and to engage in aquaculture activities (authorisation, permit, licence, lease, concession). They may be required in one or more stages; the competent authorities whose consent is required for the granting of the licence vary considerably, from one to several different government departments, regional authorities and other interested parties.


As part of the application and licensing procedures, Directive 85/337/EEC on Water Quality, updated by Directive 92/43/EEC, includes an  assessment of the effects of certain public and private projects on the environment which embodies the "preventive approach" to environmental protection by requiring that, before a development consent is given, certain projects likely to have significant effects on the environment by virtue of their nature, size or location are subjected to an assessment of possible environmental impacts.  One of the categories covered by this Directive is "intensive fish farming" and an amending Directive 97/11/EC extended its provision to cover intensive farming of all marine finfish, to come into effect from March 1999. 


To take the Environmental Impact Assessment (EIA) as an example: the legal obligation   to carry out an EIA in the field of intensive fish farming is clear and unambiguous. An (EIA) must be carried out for a project falling into this class where a Member State considers that the project's characteristics require it. Procedures involved in an EIA are set down in impressive and exhaustive detail (the size, design and scale of the proposed development, methods of operation, the use of natural resources, the types and qualities of any emissions or residues, existing land use, assimilitative capacity, the geographic extent of the possible impact, the magnitude and complexity, the duration, frequency and reversibility of the impact, including the methods used to predict possible effects on the environment such as models or surveys).


National implementation of this Directive has indeed taken place, though with varying and variable results. The requirements of the Environmental Impact Assessment seem to be uniform and obligatory: i.e., part of the standard licence application procedure. But some countries no longer award licences, i.e., the Netherlands (Smaal, A., et al., 2000), and Denmark(Pedersen et al., 2000), though for different reasons. In other countries, the EIA is part of the procedure for new applications, but not for extensions to existing licences or leases (i.e., Scotland (SEPA, 1999)) where, though impeccable standards have been established in respect of the EIA, in practice very few have been carried out,  because the decision as to whether an EIA is necessary is a discretionary one. A similar situation exists in Finland (Varjopuro et al, 2000), where the criterion for an obligatory EIA is different but equally flawless (based on production tonnage) and where administrative decisions have been made which avoid the issue. In Germany (Rosenthal  & Hilger, 2000), an EIA is obligatory for new licences but not for extensions of existing farms. Since almost no new licences are granted, few EIAs are carried out.   


In countries which are relatively new EU members and/or relatively new to aquaculture on an industrial level, the EIA is embedded in the licence application procedures (Greece (Papoutsoglou, S.E., 2000), Portugal (Bernardino, 2000)) but there may be some doubt as to the efficacy of the implementation or the methodology used.


It is not proposed to go though each legislative requirement in this synthesis. The Topic Group has gathered together the latest information on current environmental monitoring, taken from the country reviews prepared for the 1st Workshop (soon to be published in the Special Issue of the Journal of Applied Ichthyology). In order to facilitate comparisons, the information has been summarised under five main categories:

A. Production facts and figures  B. Licensing/competent authorities  C. Licensing procedures

D. Environmental Standards and monitoring practices  E. Carrying capacity


It can be observed very quickly that within an overall apparently unified structure, there is a two-tier monitoring system already in operation, i.e., universally accepted types of monitoring, recommendations and regulatory measures adopted at the international level, and national regulations which adapt and interpret these measures (as is legally permissible) in a flexible manner taking cognisance of special considerations - climate, species, etc.,    at the regional level and pitching them towards acceptance by the individual farmer. Thus, in respect of environmental monitoring, each country has its own regulations at the national and regional level, with the aim and the intention of ensuring that environmental standards are maintained.

It is not the intention of the Topic Group to stigmatise such differences but to recommend that  regional or national differences should be expressed in practices which reflect the substantially different range of physical, biological and chemical parameters  of each geographic location within a framework of environmental standards universally accepted but allowing the superimposition of the national schemes suitable for the specific conditions  of each country or geographical area. (Dosdat, 2000).
PART 2 

Examination of scientific principles underlying current environmental monitoring: optimal monitoring procedures
1.  Environmental Monitoring: Function and Purpose


GESAMP (1996a) has suggested a working definition of monitoring as ‘the regular collection, generally under regulatory mandate, of biological, chemical or physical data from pre-determined locations such that ecological changes attributable to aquaculture wastes can be quantified and evaluated’.  It is important to note that the term “ monitoring” refers to a baseline position, one which may be considered to be the ‘norm’, and is intended to provide some indication as to potential deviation from the norm,  whereas the terms “survey” and “surveillance”  which are sometimes used interchangeably, imply the setting up of a database of information regarding a site or species status (Goldsmith, 1991). Such monitoring may  utilise “exploratory sampling” (JAMP, 1997)  to estimate the level of a particular  measurement at a particular time or place, to describe the normal range of values of the measurement and its spatial variability, i.e.,to estimate the level of a particular effect at all points in an area, with a specified precision, or to estimate a parameter or parameters (e.g. mean, median, 95 percentile) with specified precision. 

To design a monitoring programme some a priori knowledge of the system to be monitored is required. If this is not available, one main objective of the monitoring activity can be to obtain such information so that more focused monitoring can be done subsequently and the results can then be interpreted against a background of spatial and temporal natural variability.  In the present context, however, monitoring is referred to as ‘a set of qualitative and quantitative measurements/observations carried out to ascertain the extent of compliance with a predetermined standard or the degree of deviation from an expected norm’ (Hellawell, 1991).

Monitoring activities are carried out in different situations (see Goldsmith, 1991), and for different purposes. Programmes aiming to assess the quality of the marine environment may have several purposes (since such monitoring can demonstrate links between contaminants and ecological responses) 
i)  to ascertain general quality status 
ii) to assess areas with known or suspected environmental impact
iii) to provide a tool to detect problems. 
In areas where particular pollutant impacts are not suspected, it is nevertheless appropriate to deploy techniques which aim to monitor the general “health” of the marine ecosystem. Detecting significant effects in the sediments or the water column would trigger detailed biological and chemical investigations whose purpose would be to establish the severity of any impacts and possible causes. Two major functions fulfilled by such a general quality status  programme are:

a.
an “early warning” component which focuses on the identification of areas of concern at an early stage, based on information from biomarkers indicative of both exposure to contaminants as well as any deleterious effects;

b.
a programme to detect long term changes in the marine environment which could help to identify more subtle changes which may or may not be impact-related.(JAMP, 1999)
 2. Monitoring Requirements  of  Aquaculture User Groups (Legislator, Scientist, Producer)

Monitoring activities/programmes designed to be carried out by the scientist and  the producer, while simultaneously fulfilling the demands of the legislator, serve different purposes and needs  though they necessarily have a common  content. Therefore the process of reaching consensus on what are acceptable/unacceptable impacts is a crucial one in devising monitoring programmes. This is not merely a scientific question, but lies on the borderline between several professions and interests and therefore ideally all stakeholders should participate in the process. The process should also be open and transparent, and one must be able to explain and justify every single step in the process.
The monitoring programme with which MARAQUA is concerned (to uphold BEP based on the best scientific knowledge and methods compatible with Best Available Techniques(BAT))therefore targets three main user-groups, each of which is responsible for contributing and extracting different types of information.                                                 A.. The legislator/regulator


In the context of the aquaculture industry and the international and national legislative requirements in respect of the environment, monitoring is used as a regulatory and management tool to control the environmental impact, i.e., to ensure that the activity in question does not have an unacceptable  impact on the natural environment. The purpose of the regulator is to develop an easily enforceable Best Environmental Practice that undertakes at least the minimum requirements of EU, national and local regulations. (Since this topic has already been dealt with in (3) PART 1 a brief resume only is given below)

In monitoring terms this requires: 

· standardised documentation of environmental conditions at aquaculture sites within the legislation of the authorities in question

· regular updates on changes in conditions, management regimes and production cycles

· proper system of data archiving and retrieval

· positive co-operation and trust between producer and authorities

B.  The Scientist


The aim of the scientist is to achieve a scientifically sound BEP and therefore s/he must be aware of and take into account all the latest findings in order to update the previous best knowledge available, as well as the latest techniques and methodologies. 
There are different organisations (GESAMP, OSPAR, HELCOM, NORTH SEA TASK FORCE) working in the same thematic area (Protection of the Marine Environment) with different geographical focus and remit, all endeavouring to come up with BEP in areas adjacent to but relevant to aquaculture. Since 1995 10, the OSPAR Joint Assessment and Monitoring Programme (JAMP) has produced a series of very detailed and precise Guidelines, concerning mandatory and voluntary parameters (monitoring of organisms, seawater and sediments)of which the following outline monitoring programmes containing recommendations relevant to aquaculture operations: JAMP Guidelines for nutrients, oxygen, chlorophyll, eutrophication, fish waste, toxic effects, biological effects general and specific, benthos and sediments. These Guidelines give general guidance on sampling and analysis but also include technical annexes with the aim of ensuring comparable results between monitoring programmes. 

Environmental Quality Objectives (EQOs) along with corresponding Environmental Quality Standards (EQSs) have been developed in response to the environmental legislative measures that have been adopted. Environmental authorities propose EQOs for the industry and decide, for example, which water bodies can be used in the cultivation of aquatic animals. Environmental criteria  established for these are faunal benthic composition and various standard qualitty recommendations for bottom sediment and water column quality. Commonly defined EQOs include, for instance, the safeguarding of water quality, the protection of aquatic life, the protection of the consumer (i.e., food safety), for medicines, as well as the protection of the aesthetic and recreational quality of  the water body. 


The creation of EQSs for selected List II substances of national concern is a statutory obligation under the EU Dangerous Substances Directive (76/464/EEC) and comes under the jurisdiction of the responsible national authority. The establishment of Quality standards is very much related to both environment and product quality, and also to good husbandry techniques, in order to help prevent disease outbreak, for instance.  In the UK, a joint EQO/EQS approach has been encouraged for the management of environmental quality since the early 1990s, and in Norway, the first version of ‘Environmental Objectives for Norwegian Aquaculture appeared in 1993, covering five problem areas (diseases, escapes, medicine, chemicals and organic effluent).


EQSs for fish medicines and chemicals for instance, are extremely detailed, as are other Water Quality Standards that can be seen elsewhere in the country reviews (Annex 1). For others (e.g. organic matter) standards are not yet set but instead certain criteria  have been set regarding acceptability limits. Methods for deriving quality criteria for sediments are less well developed  (SEPA, 1999) though there are JAMP Guidelines for Monitoring Contaminants in Sediments (JAMP, 1999) as well as the Norwegian Standard for Environmental Monitoring of Marine Fish Farms (NS 9410:2000) which focuses on methods for the determination of bottom conditions at and in the vicinity of fish farms (SFT, 2000).


Thus both EQOs and EQSs, as well as extremely detailed Guidelines have been and are being developed in strenuous attempts to satisfy legislative requirements and scientific principles and are used in setting BEP standards and targets. There is no need therefore, in this consideration of optimal monitoring procedures, to reiterate examples, but merely to refer to their existence as providing examples of the optimal approach.


Scientists are responsible for defining the parameters of interest to the monitoring programme, based on the types of effluent expected and their environmental effects and defining acceptable levels of contamination. Collected data and status reports must take into account the following aspects:

- local peculiarities in oceanography, with emphasis on tidal regimes, water temperature, salinity, oxygenation, seasonal water upwelling, current regimes and bottom topography;

- local degradation rates and carbon turnover in bottom sediments;

- natural sediment composition and background levels of contaminants.

Scientific basis for monitoring resume:
- the data and methods used must be based on sound scientific principles

- standard methodology should be used so that data are comparable between different legislative areas

- considerations of sampling design, replication and setting of controls are central 

- assessment of environmental status in relation to a previously ascertained “norm” can give early indication of environmental change

- it is important to be able to distinguish between localised short-term changes and longer-term significant changes

- the choice of parameters sampled is therefore paramount and should be restricted to include those which can be used as indicators of environmental impacts and  those which are scientifically proven to be potentially environmentally hazardous

- The data obtained must be meaningful in terms of cost-effective assessment of impact.

The ideal, the optimum monitoring programme would, therefore, be the one where, through selection of adequate parameters, frequency of sampling and design, a ‘signal’ is given, which, interpreted against a natural background ‘noise’, will provide an indication of environmental status. 

C.  The Producer


However, in the real world there are practical constraints concerning two main areas: time and money. The aim of the producer is to achieve an affordable, applicable, useful and easily understandable BEP. The producer is responsible for designing and following an optimal management regime aiming at sustainable use of the concession area throughout the production life of the farm.The monitoring programme should therefore be affordable on a regular, not on a one-off basis, and should be scaled in relation to the farm size. In addition, many EU countries place the onus on the producer to carry out self-monitoring programmes or if this procedure is not possible, to bear the costs of the obligatory monitoring programme.  Practical guidelines for farmers have been formulated and programmes devised to enable producers to follow BEP, and also to use the Best Available Technology (not entailing excessive cost) (BATNEEC) which has become  an acceptable method of controlling environmental impacts. Quality Assurance measures also form part of the non-statutory Code of Conduct developed by Producer Associations and this is an aspect which can help to maximize profitability. 

The producer-orientated part of the monitoring programme should ensure that the producer has up-to-date information on:

-the effects of the farm activities on the environment and how this influences production efficiency 

- how to recognise developing impacts in their early stages using simple tools  

- how to employ remedial action ahead of potential problems, to prevent further development of negative impacts and to promote restitution.

 - recommendations to the farmer on how reduce impact, including improving feeding regimes, low-waste diets, monitoring of appetite and satiation etc.

- how to use Best Environment Practice methods and Best Available Technology,

- how to participate in Producer Association Codes of Conduct

3.   The Optimal Monitoring Approach


In an ideal world, given limitless time and money, optimum coverage of an area including all the necessary parameters, could be achieved and the main environmental objectives could be handled according to the procedures detailed in the Guidelines, Manuals and Best Environmental Practices in the works already referred to. Optimal procedures do exist but they are not affordable, they are sometimes not applicable, and they are also not complete (EQSs covering both water and sediment are not available for some elements of the discharge (SEPA, 1999)). 


But in the real world, decisions need to be made shortly after the samples are taken and the whole process has to be paid for by either the operator or the taxpayer. It is against this background that the process of monitoring marine aquaculture operations needs to be addressed. It is relevant to note that the 1999 report ‘Importance of Long Time Series Data for the interpretation of Monitoring data and the preparation of Assessments’ of the ICES Working Group on Environmental Assessment and Monitoring Strategies (WGEAMS) reiterated that integrated environmental assessments require a broad range of data on the physical, chemical and biological conditions in marine  ecosystems, as pointed out above. The Report also draws attention to the fact that there is an increasing demand for environmental assessments at national and international level which require long time  series data, at the very moment when funding is being cut drastically all over Europe (Report of the ICES Advisory Committee on the Marine Environment, 1999).


The concept and practice of BEP/BAT, accepted by some, though not all EU countries and currently also being developed by OSPAR (JAMP) is much more achievable. The combined BEP/BAT approach is regarded as especially suitable for the aquaculture industry. It was generally accepted that the rapid development of aquaculture in the 80s and 90s  triggered a raft of regulatory measures, in an attempt to control the industry. It was necessary to produce practical guidelines for farmers, and thus, following the principles of enlightened self-interest, the principles for Good or Best Practice evolved. The FAO Code of Conduct for Responsible Fisheries (1995, 1997), details and discussion of which can be seen elsewhere in the MARAQUA project work output)  and the Norwegian HolmkollenGuidelines for Sustainable Aquaculture (1997)were instrumental in focusing Producer Association attention on the potential benefits which could be derived from this type of measure. The industry , constrained by environmental legislative measures, was subject to increasing monitoring procedures, for which it was also financially responsible. In producing a Code of Conduct for the European industry (Hough, 2000), the industry has itself formulated guidelines for self-regulation, a self-regulation based on its own long-term interests in promoting sustainable aquaculture development. In a parallel development, a rigid insistence on the BEP approach was felt to be counter-productive and therefore adherence to BEP considered along with Best Available Technology (not entailing excessive cost) (BATNEEC) has become an acceptable method of controlling environmental impacts. 


In some EU countries, particularly those specialising in shellfish production, very strictly imposed self-regulation, though initially resisted, has been accepted without question because of the resulting rise in shellfish production in response to enlightened stock management procedures.  


Several successful self-monitoring programmes depend on the use of modelling to predict both environmental effects, and standing stock production. The latter however, depends significantly on a proper estimation of carrying capacity: two definitions provide widely varying and indeed ambiguous descriptions a) “carrying capacity is the maximum population of a species (biomass, numbers) that a particular ecosystem can sustain” - does the use of “sustain” imply “over an extended period of time”, or does it merely mean “support”?  b)“the exploitation carrying capacity of an ecosystem may be quite different from the optimum carrying capacity”(Smaal et al. 1998). If producers can be shown that their production capacity is close to breaching not only the environmental limits but also the carrying capacity of their site, then there is at least the possibility that enlightened self-interest  on the part of producers could lead to a mutually beneficial solution. Carrying capacity needs to be linked to the effects of the impacts and to what degree these impacts can be accepted.

4.   Devising a monitoring programme: development of a consistent monitoring strategy  based on scientific principles

GESAMP (1996a) and OSPAR (1997) recommend strongly that monitoring programmes must be reviewed and evaluated regularly.

Case Studies for Scotland, Ireland and Norway are included in the draft paper in Annex 2. They have clear and comprehensive monitoring systems which address the management and assessment processes from different angles. There are summaries for all EU countries in Annex 1.

Table 1 summarises current environmental concerns arising from marine aquaculture operations:

Potential Direct Impacts
Potential Consequences
Management Actions

· Organic enrichment

· Nutrient enrichment

· Chemicals release

· Spread of diseases 
· Impact on wildlife/habitats

· Trigger of toxic blooms

· Demise of wild stocks
· Locational guidelines

· Biomass maximum

· Maximum feed limit

· Restricted use of chemicals

· Management Guidelines (inc. Codes of Practice/Conduct)

· EQOs and associated EQSs 

· Escapees
· “Genetic dilution”

· Demise of wild stocks
· Improved cage design

· Management Guidelines

· Interaction with other coastal activities 


· visual impacts and  conflict with e.g. tourism, recreation fishing, maritime transport
· Locational guidelines

· Derive regional/local Coastal Plans and integrate with national Coastal Management Plan

Other coastal activities can also have negative impacts on aquaculture units and this is especially important in shellfish farms.  The most important are:

· poor water quality (e.g. agriculture, livestock, sewage, chemicals, spills, other aquaculture operations)

· impact of toxic blooms on farms

· spread of diseases (from wild stocks)

· conflict with other activities
A useful list setting out the scientific considerations to be borne in mind when devising a monitoring programme is given in Usher (1991), shown below (full details in Annex 2).

· purpose

· parameters 

· intensity (replication) and frequency of sampling (e.g. consideration of season)

· sampling design

· methodologies to be employed, including data analyses

· interpretation

· trigger levels 

The monitoring programme can be pre-operational, operational and post-operational and should cover the multiple parameters shown in Table 2, where appropriate to the purpose of the programme.

-different parameters should be sampled at different times during the project lifecycle 

-the initial survey should be more comprehensive so that a baseline could be better defined, -special features, if any, could be identified

-management recommendations could be provided.

A post-operational monitoring process could then focus on specific key parameters which should provide the information necessary on the overall status of the environment and, if necessary, trigger any management decisions.

Methodologies used should be up-to-date, and capable of meeting the needs of the exercise.  Different types of numerical techniques can be applied (e.g. Zar, 1984, Clarke and Warwick, 1994, Underwood, 1987).

Table 2
Physical
Chemical
Biology

· Bathymetry

· Currents, waves, tides

· Wind

· Precipitation

· Substrate type

· Sediment movement

· Erosion/accretion


· pH, Alkalinity

· Redox

· Temperature

· Salinity

· DO

· Nutrients

· Particulate/dissolved organic matter

· Suspended solids

· Specific chemicals (depending on the operation)
· Species abundance and diversity: plankton, benthos, nekton, birds (qualitative, i.e. species list, or quantitative, i.e. full abundance)

· Biomass

· Productivity

· Population structure

· Trophic interactions

· Habitat mapping

· Rare and endangered species/habitats

PART 3 

Good Practice With Wide Applications:Description of best available practice within aquaculture 

1.  Introduction

The diversity of the aquaculture industry and the need for creating many types of Good Practice Manuals due to the various technologies used and other factors which vary in for instance, salmon farming and blue mussel farming. The paper discusses the principles and the scientific background without any specific reference to extensive, intensive and integrated farming technologies. Managing of water, discharge of waste water, feed and feed technology, disease control, food safety, quality of products and customers’ organizations are issues discussed in relation to stagnant water technology, flow-through systems as well as recirculating systems.

The rapid development of aquaculture during 1980s and 1990s including culture-based fisheries, the use of aquatic genetic resources, the increasing environmental impact from aquaculture and the social aspect of aquaculture made it necessary to produce guidelines and rules for this new industry. Many international bodies were involved in this process. For the practitoners and others within the industry it became necessary to create practical guidelines for farming and the principles for Good or Best Practices were developed. There are now in some countries Codes of Good Practice which seem to represent a guarantee for a better and sustained environment which is necessary for a successful industry.

The Guideline for Aquaculture Development (Code of Conduct) for aquaculture issued by FAO (1997) intended to create guidelines for national governments in their ambition to promote a sound aquaculture industry. The Code of Conduct and Aquaculture by FEAP(Hough, 2000) is a proposed framework directed towards the industry itself. The ultimate goal is a framework of best available practice (BAP) or Code of Good Practice in the day -to-day work of aquaculture production. One of their main strengths is that they generate good collaboration between the legislator, the regulator and the producer, based on the involvement of Producer Associations, and the recognition of producers’ needs. 
However, they include general rules and principles but do not include practical guidelines for the cultivation of aquatic organisms. For this reason it is necessary  (and germane to this part of the synthesis) to deal with the implementation of the best available methods, techniques, improved genetic strains, optimal feeding regimes, environmental sustainability, welfare of the animals and other issues related to aquafarming in particular, Best Available Practice (BAP) in various technologies in relation to various animals farmed.

2.  BAPs for various technologies and animals involved in the aquaculture process

A.  Aquaculture technology is very diversified( Ackefors (1999) (Table 3), comprising:

i) different technical systems such as stillwater systems, flow-through water systems, closed recirculating systems

 ii) various biological systems such as extensive, semi-intensive, intensive systems and integrated systems

 iii) with herbivorous, omnivorous and carnivorous animals. 

Table 3   An overview of the various aquaculture technologies with regard to technical and biological aspects

1.1. Technical aspects with regard to water use


1.1.1. Stillwater systems

1.1.2. Flowthrough water systems



2.1.1.1. Ponds, raceways, tanks ( landbased) 



2.1.1.2. Cages (lake and sea based)



2.1.1.3.  Large offshore units (sea based)


1.1.2. Closed recirculating systems



2.1.2.1. Tanks ( landbased)

1.2. Technical-biological aspects


1.2.1. Extensive systems; no feeding or fertiliser



2.2.1.1. Ponds,  ( landbased)



2.2.1.2. Mussel and oyster operations (sea based)



2.2.1.3. Seaweed operations (seabased)


1.2.2. Semi-intensive systems; feeding or fertiliser





2.2.2.1. Ponds (landbased)



2.2.2.2. Raceways ( land  based)

 1.2.3. Intensive systems; feeding



2.2.3.1. Cages (lake and sea based)



2.2.3.2. Raceways ( land and sea based)



2.2.3.3. Silos and tanks ( landbased )


1.2.4. Integrated systems (landbased)




2.2.4.1 Agriculture- aquaculture




2.2.4.2. Industrial wastes- aquaculture

1.3. Biological  aspects ; mono- or polyculture


1.3.1. Monoculture



2.3.1.1. Herbivorous ( land, lake or seabased)



2.3.1.2. Omnivorous ( land, lake or seabased)



2.3.1.3. Carnivorous ( land, lake or sea based).


1.3.2. Polyculture

B.   Overview of the many factors and disciplines  involved in aquaculture

Biological factors  such as genetics and breeding, nutrition and pathology are very important as well as the knowledge of the ecology, physiology and behaviour of the animals.

Technical-biological factors  comprising water supply, water treatment, container design, feeding, aeration, temperature control and integration with other farming systems. The areas of water supply and water treatments are emphasised in relation to the objectives of the project..

Technically-economically feasible methods: the cost of water, energy, feed, material, labour, land and plant investments as well as legal aspects. 

Socio-economic conditions and marketing include many very important issues in aquaculture development: consumer demand, size of the market, processing costs,  distribution costs, including packaging, market competition from wild fish, socio- cultural habits/food preferences  in national and export markets.

C.  BAP of Management of incoming water

Pretreatment of incoming water is essential in some cases, if the farmer shares water with other stakeholders; industry, forestry, agriculture and other types of aquaculture. Investigation of the kind and concentration of the pollutant.

Acidic water Liming of the water source might be necessary.

Iron, manganese or other metal content. Sandfilters or simple aeration might mitigate the concentration of those metals. 

Supersaturation of gases like carbon dioxide. A levelling out of the increased carbon dioxide concentration is necessary.

D.  Monitoring of discharged water from aquaculture in the coastal zone

Technology used when judging the discharge of waste water from an operation.

 All kinds of open water systems as cages imply greater difficulty to treat the outgoing water and mitigate the waste products from farming. For this reason it is necessary to consider (1) the volume of production, (2) the feeding technology and (3) the quality of feed and (4) the capacity of the recipient.

The feed coefficient and the content of phosphorus and nitrogen in the feed are two important factors to consider when assessing the environmental impact of aquaculture. Mass balance calculations are used to calculate the discharge of the polluting substances. The largest cage farm operations in Sweden discharge only 6.4 kg phosphorus and 55 kg nitrogen per tonne of produced fish (Jonsson and Alanärä 2000).

Collection of feed wastes, nutrients, organic material and dead fish

The possibility of  collecting wastes from land-based rearing units is much better than from open cage systems.


 Simple treatment units:: settling ponds or special designed tanks for collecting waste and wastewater 


Sieves and filters

Recirculation technology : aimed towards landbased systems and is used mainly in hatcheries and for raising "expensive" fish in the grow-out phase.

Simple recirculating systems : fish tank units and treatment units like gravel, trickling or other biofilters, linked to a tank for suspended solid removal.

Comprehensive systems: attached denitrification units, 

                                       special UV unit for disinfection of bacteria

                                       ozonation unit can also be applied to break down long organic molecules which then can be attacked by the bacteria in the biofilters

E.  Feed and feeding technology
Optimal feeding can be achieved by studying the  behaviour of fish, getting information on the environmental conditions such as temperature and the size of the fish and improved quality of the feed.

 feeding periodicity. Therefore, optimal feed utilisation is likely to occur only during times of maximal appetite ( Mayer and McLean 1995). design of the  demand feeder is based on the behaviour of the fish. Fish themselves can feed when they want to eat. This has considerably reduced the fodder spill  (see e.g. Alanärä 1990)

 hydroacoustic monitoring of the fish in the cage (Juell et al  1990; Bergheim et al  1991; Bjordal et al 1993). The echo-sounder  observes the behaviour of the fish, which  change position to lower levels in the net  cage when the  appetite is reduced. The echo-sounder registers this behaviour of the fish and sends signals to the automatic feed to stop feeding.

time-restricted demand feeders:  food delivery is restricted to a number of predetermined periods during the day. Alanärä (1996) reported both improved growth and reduced feed wastage, when  animals were provided with feed on demand. It is a well known fact that feed dispersal possibility of reducing wastage by as much as 40% (Thorpe et al. 1990).

Feed items and  discharge of nutrients

dry feed gives only 1-5% wastage, semi-moist 5-10% and wet feed as much as 10-30%. The increased use of dry feed reduced the waste loading per tonne of produced fish  (Warrer-Hansen  1982). 

extruded feed: improved feed conversion rate of 1.05 compared with 1.12 and 1.25 for pellets, attributable to the slower sinking speed of extruded diet.

feed composition: changed composition of the constituents in the feed such as fat, protein, carbohydrate and energy has contributed a great deal to the reduction of waste outputs.  lower nitrogen content
decrease in phosphorus content

F.  Disease control

preventive measures: vaccination, site selection, water treatment, disinfection of eggs, disease surveillance,health control

decreased use of antobiotics

increased knowledge of probiotic feed

chemicals used in aquaculture. The range of chemicals used in aquaculture is wide and the range of reasons for chemical use equally wide. Chemicals for hygiene and disease control such as anti-microbial agents are equally essential for the sustainability of aquaculture.

G.  Food safety and quality products

high quality shellfish:characteristic composition of protein, lipids and carbohydrate,good taste, without pollutants, bacteria or viruses 

Rules and procedures for chemical and antibiotics used in the production of animal must be followed. 

Withdrawal time after use of antibiotics should be followed according to the directives from Food and Hygiene Authorities.

 The slaughter technique should be in practice with experienced technology. 

Hygienic and other rules for the processing and distribution of products must be followed.

G.  Customer Organisations

Organic farming : imposes recommendations  concerning animal welfare, the technology used, feed quality, feed technology etc.. The products command a higher price.

Water quality recommendations: temperature, salinity and oxygen in the rearing unit. The Breeding technology and the origin of the stocked juveniles 

Environmental issues: site selection, discharge of waste, infection risk and escapees

 Animal welfare, the density of fish per cubic metre and the handling of fish

Feeding technology, the quality of feed, health aspects and slaughter procedures

4.  Conclusions

Codes of Best Practice/Codes of Conduct must be adapted to the request of the consumers in order to be awarded  a special quality marking. Codes of Best Practice must be designed with regard to species, technology, environment and other farming factors. In certain areas general rules can be followed by all farmers but the industry is very complex if you consider the large diversity of species. For these reasons special rules must be created for different parts of the aquaculture industry.

Codes of Best Practice such as  Ireland (Anon. 1991) and Shetland (Anon. 2000b). The latter Code embraces stocking policy and density, smolt delivery, health management and disease control, environmental issues, stock husbandry and management, equipment and various other items. 

The Irish Code is more comprehensive and contains the following sections; 1) Environment 2) Husbandry 3) Insurance 4) Safety with appendices as 1) Hazards 2) Malachite Green 3) Anti-Sea Lice treatment /Nuvan 4) Contingency Plans in event of accident.

PART 4

Assessment of special considerations (different species, practices, geographic locations) 
1.  Introduction

In the light of the numerous genuine special considerations which have to be taken into account, ranging from the obvious ones of geographic location, different requirements for different species, a degree of flexibility is called for. As new issues and considerations with regard to aquaculture and environmental monitoring are constantly appearing, this paper will need to be updated on a regular basis.

· Geographic location: 12 EU countries, Norway and Iceland. 

· Different species: most important farmed species in the country ,experimental or novel spp.  not included 

· Different practices: techniques used in the commercial production of these spp and only practices deemed to have a potential significant environmental impact are discussed.

The geographical and farmed spp. range is shown in Table 4.

Table 4 

Country


Aquaculture Spp
Production Method

Denmark
Rainbow Trout, shellfish, 
Land based, Ponds & Hatcheries, Sea Cages, ongrowing

extensive

Finland


Rainbow Trout
Land based Ponds & Hatcheries, net cages

France


Oysters



Edulis & Gigas


Extensive, Bag & Trestle


Sea Bream


Sea Cages

Germany


Rainbow trout,Carp,

Mussels
Ponds, raceways,

Extensive

Greece


Sea Bass
Hatchery & Sea Cages


Sea Bream
Hatchery & Sea Cages


Mussels
Longline

Iceland
Salmon


Hatchery + Sea Cage


Charr


Sea cages


Rainbow trout


Hatchery + land-based tank & pond

Ireland


Salmon
Hatchery + Sea Cage


Rainbow Trout


Hatchery + Ponds


Sea Trout


Hatchery + Sea Cages


Mussels


Longline + Bottom Grown


Oysters/Gigas


Bag & Trestle


Edulas


Extensive


Clams


Intensive

Italy
Sea bream, Sea bass,

Rainbow trout


Hatcheries + land-based,

Sea cages


Mussels


Longlines 


Clams


Mesh in Sand, Intensive

Norway
Salmon


Hatchery + Sea Cages

Netherlands
Mussels


Longlines & bottom grown


Eels


Bottom Grown

Portugal 
Cockles


Bottom


Oysters


Hatchery & Bag + Trestle


Sea Bass, Sea Bass


Hatchery & Sea Cages


Turbot


Hatchery + Land Based Tanks


Clams


Mesh in Sand (intensive)

Scotland
Salmon


Hatchery + Sea Cages


Rainbow Trout


Hatchery + Ponds + Sea Cages


Sea Trout


Hatchery + Ponds + Sea Cages


Turbot


Hatchery + Land Based Ponds


Mussels


Longlines


Oyster Gigas


Bag & Trestle (Intensive)


Scallops
Long line (Intensive) & Extensive

Spain
Mussels


Raft & Longline


Cockles





Clams


Hatchery + mesh in sand


Salmon


Hatchery + Sea Cage


Turbot

Sea bream & Sea bass


Hatchery + Land based Tanks

Hatchery + Sea Cages

Sweden
Rainbow trout, recreational species, Glass eel, 
hatcheries


Mussels


Longline

2. Similarites and Differences

 Table 4 shows a large variety of species  produced throughout Europe. 

The methods of producing different spp. also vary greatly .

But the methodology for producing same spp. in differing geographical locations are to a large extent uniform. For example the basic methodology for producing market size Atlantic salmon is the same throughout Europe. 

Difference in production methodology for same spp. occurs in shellfish production in terms of extensive/intensive production methodology. 

This difference occurs in the production of trout in terms of Sea Trout/Fresh Water Trout. In these cases the product is marketed as a separate entity,  e.g. sea trout is a separate product to Fresh Water Trout and bottom-grown mussels are marketed separately from rope-grown mussels. So, in order to get the maximum spread in terms of comparison and contrast, it is the end product, rather than the species of fish which has been considered as the basic unit. 

3.  Lesislation and Policy -special considerations
The production methodology may be the same for each aquaculture product, but the monitoring requirements from country to country vary greatly.

Should uniform-monitoring standards should be brought in under Best Environmental Practice (BEP) for Aquaculture?  Any standardization of Legislation and regulatory measures should allow regional or national authorities a degree of flexibility in determining monitoring requirements for aquaculture production in their occasionally widely-differing regions areas, cf. FRANCE and SPAIN.

· Special consideration : the size of the operation. Should a pilot operation be subject to the expense of performing a full EIA and monitoring programme? Size should be a defining factor, as in NORWAY, FINLAND, SCOTLAND

· Special consideration: the criteria to be included in the monitoring programme under BEP for each aquaculture product need to be defined. Here again a certain level of flexibility needs to be allowed at a national level in terms of parameters to be monitored. For example, organic build-up of matter under salmon cages may be an issue in countries where sea cages are located in very sheltered waters but may not be an issue where offshore farming is practised in sites with strong currents, cf NORWAY, SCOTLAND

· Special consideration : NATURA 2000 Areas
· Where Special Areas of Conservation and Special Protection areas coincide with aquaculture production areas, special monitoring programmes need to be undertaken, as in the Dutch Wadden Sea. Guaranteed shellfish reserves are kept for the wild bird population, but the wild bird population is culled when it rises above a certain level. This special consideration allows aquaculture needs and protected wild birds to co-exist.cf. The NETHERLANDS, SPAIN, FRANCE.

· Special consideration: Visual Impact Assessment - mitigating measures may vary from location to location.The degree of visual intrusion depends on the product being farmed. Mussel Rafts have a high visibility while oyster trestles are seen only twice a month. A gray mussel float is less visible under Irish & Scottish conditions compared with a blue mussel float, which may be less visible in more southerly locations due to weather conditions.

· Special consideration: waste legislation - in some countries local authorities set the Emission Limit Values under the Water Pollution legislation, Ireland with 27 authorities has unavoidable discrepancies in ELVs. cf IRELAND, SPAIN 

· Special considerations: Biotoxin monitoring programmes should be flexible enough to accommodate monitoring of new toxins and have a quick turnaround time in terms of

      results issued to farmers. It is up to each member country to implement its own          monitoring programme under this directive. Different biotoxins occur in different parts

of the world. Toxins currently found in Ireland include DSP, ASP, PSP and AZP.

4.   Recommendations for new EQOs and newEQSs

Blood water discharge - setting achievable ELVs

BAT(NEEC) Guidelines should specify disinfection of this blood water before discharge. As well as disinfection the wastewater will have to undergo treatment in order to reduce BOD & SS levels. Consideration should be given to the fact that Biological Treatment Systems are not suitable due to the stop-start nature of the operation and the use of saltwater in the process. Therefore the ELVs should be achievable and reflect emission levels attainable by use of advanced physical treatment such as DAF systems etc.

Model needed for calculation of ELVs

 A way/model for calculating ELVs , taking mixing zones and dispersing currents into account needs to be devised. Monitoring of ELV’s compliance will need to be on a ‘self-monitoring basis’ with regular auditing by the competent National Authority in each country. 

EQOs should be set for all receiving waters and monitored by the competent National Authority, not widely discrepant local authorities.

Chemical therapeutants-synergistic effects
The issue of synergistic effects on the environment needs to be addressed. If synergistic effects are found to exist then a suitable monitoring system will need to be put in place. This could take the form of Sediment/water column sampling or record keeping by the farm or both.

Special consideration: geographical location of the farm may well be the cause in certain cases.

Biotoxin Monitoring: i)scientifically based regulatory standard for AZP toxins should be established ii) monitoring  programmes should incorporate phytoplankton monitoring as an early warning system.

 Many biotoxins appear to be selective in the species of shellfish they affect. Species-specific closures need to be considered. In the case of AZP toxins in any bivalve species from any production area a ban on harvesting of all bivalve species should be enforced.

Coliform Monitoring: system for the classification of shellfish producing waters must

be based on catagorising these defined shellfish producing areas into A, B,

C or D waters based on E. coli or faecal colifiorm counts per gram of

shellfish flesh as outlined in Annex 4

Virus Monitoring

Consideration should be given to direct testing for viruses rather than

using faecal bacteria as indicators. Unfortunately a practical and reliable

method for viral detection has not been fully developed, although work is

ongoing in this area. Once a standard method for detection of viruses in

Shellfish has been developed it should be considered for inclusion in all

member countries Shellfish Water Classification Programmes. Practical and

reliable methods of viral detection are expected to be available in the next

two years.

Transboundary transportation of fish: danger from diseases:

 Throughout Europe juvenile and seed fish are transported freely between

disease free areas. Some monitoring systems are in place in EU countries but should be expanded.

CONCLUSIONS

Description of good environmental practice (BEP), linked to a realistic set of regulatory measures  which include BATNEEC/BEP), exert significant leverage because of the demonstrable benefits to all the players in the different conflicting interest groups. If harmonised across countries, with a built-in degree of flexibility to reflect the genuine special needs and considerations occasioned by differences in geographic location, production of different species,   such a set of guidelines of BEP could lead to the establishment of Codes of Conduct and Practice which might also provide a measure of quality control.

These papers have shown that it is possible to achieve a system monitoring the integrity of the whole system and thus capable of evaluating the health of the system, in a way that is compatible with the interests of all the players involved, by careful ground preparation work which ties in with the healthy survival instinct of the producers.

In its turn, the role of methodology/technology should help in the identification of the impacts of aquaculture production on the water column and the sediments. The role of regular monitoring is to reveal problems to which improved methodology and/or technology could provide solutions. Improved techniques could lead to a reduction in impacts; improved methodology could lead to future changes in the BEP guidelines.

Literature cited 
Ackefors, H.,2000. Review of Swedish regulation and monitoring of aquaculture. J.Appl.Ichthyol. (in press).
Ackefors,H., 1999. Environmental impact of different farming technologies. In: Eds. N. Svennevig, H. Reinertsson and M. New, Sustainable Aquaculture Food for the Future? Balkema, pp 145-169

Ackefors, H & Enell, M. 1990. Discharge of nutrients from Swedish fish farming to adjacent sea areas. AMBIO 19(1): 28-35

Ackefors, H. & Enell, M. 1994. The release of nutrients and organic matter from aquaculture systems in Nordic countries. J.Appl. Ichthyol. 10(4):225-241.

Ackefors, H. &  Grip, K. 1995. The Swedish model  for Coastal Zone management. Swedish Environmental Protection Agency, report 4455, 83 pp, ISBN 91-620-4455-9.

Ackefors, H. & Olburs, Ch. 1995. Aquaculture: A threat to the environment, or opportunities for a new industry? The Swedish paradox. J. Mar. Biotechnol. 3: 53-55.

Ackefors, H. & Rosén, C.G. 1979. Farming Aquatic Animals. The Emergence of a World-Wide Industry with Profound Ecological Consequences. AMBIO, Vol. VIII (4): 132-143.

Ackefors,H., Huner,J.V. & Konikoff,M. (1994). Introduction to the General Principles of Aquaculture. Food Products Press, 172 pp,ISBN 1-56022-012-0.
Alanära, A. 1990. Demand-feeding eller tidstyrd utfodring. Effekt p¨ tillvekst, foderutnyttjande och slaktkvalitet hos regnb¨ge i kassodling. Swedish University of Agriculture Science. Report 2:1-24.

Alanärä,A. 1996. The use of self-feeders in rainbow trout (Onchorhychus mykiss). Aquaculture, 145, 1-20.

Ali, A. 2000. Probiotic in Fish Farming: Evaluation of a bacterial mixture. Vattenbruksintituionen , Rapport 19, 63 pp.

Anon (2000). Code of Best Practice for Shetland Salmon Farming. Shetland Salmon FarmersΪAssociation, March 2000.

Barg, U.C., 1992. Guidelines for the promotion of environmental management of coastal aquaculture development. FAO Fish.Tech. Paper 328, 122pp. 

Bernardino, F.N.V., 2000. Review of aquaculture development in Portugal. J.Appl.
Ichthyol. (in press 

Bjordal, ¹. Juell, J.E., Lindem, T. & Fernö, A. 1993. Hydroacoustic monitoring and feeding control in cage rearing of Atlantic salmon ( Salmo salar  L.) In: Fish Farming Technology- First International  Conference eds. H. Reinertsen, Dahle, L.A., JΩregensen, L. and Tvinnerheim, K, pp 203-208.

Clarke, J.R.,1992. Integrated management of coastal zones. FAO Fish. Tech. paper 327, 167 pp.  

Clarke, K. R.,Warwick, R. M. (1994) Change in marine communities: an approach to statistical analysis and interpretation.  Natural Environment Research Council, UK.

Cowey, C.B., (ed.) 1995: Nutrotional strategies and management of aquaculture waste. Selected Proceedings of 2nd Int.Symposium on Nutritional Strategies and Management of Aquaculture Waste, Rebild, Denmark, 24-27 April 1994. Water science and technology, Elsevier Science, UK.

Cripps, S.J. 1994. Minimizing outputs: treatment. J.Appl. Ichthyol. 10: 284-294.

Cullinan C. & van Houtte, A., 1997. Development of Regulatory Frameworks in Review of the State of World Aquaculture (Rome: Inland Water Resources and Aquaculture Service, FAO) FAO Fisheries Circular No. 886, Rev.1, 75-79.

Directorate for Nature Management, 1999. Environmental objectives for Norwegian Aquaculture. New environmental objectives for 1998 - 2000. DN rapport 1999-1b.

Dosdat, A., de la Pomelie C.,2000. Regulation and monitoring of marine aquaculture in France. J.Appl. Ichthyol. (in press)

Eleftheriou, A & Eleftheriou M.,, 2000. Proceedings of MARAQUA 2nd Workshop, Crete, March 2000 (in press).

Ervik, A., Hansen, P.K., Aure, J., Stigebrandt, A., Johannessen, P., & Jahnsen, T. 1997. Regulating the local environmental impact of intensive marine fish farming.The concept of the MOM system (Modelling- Ongrowing fish farms - Monitoring). Aquaculture 158: 85-94.

Fernandes, T.F., Miller K.L. & Read, P.a., 2000. Monitoring and regulation of marine aquaculture in Europe. J.Appl.Ichthyol. (in press).

FAO, 1995. Code of Conduct for Responsible Fisheries. FAO, 41pp.

FAO, 1997. Aquaculture Development. FAO Technical Guidelines For Responsible Fisheries 5. 40 pp.

GESAMP, 1996a.   The contribution of science to integrated coastal management. Rep. Stud. GESAMP (61), 66 pp.

GESAMP, 1996b. Monitoring the Ecological Effects of Coastal Aquaculture Wastes. Scientific Aspects of Marine Environmental Protection. FAO, Rome, Reports and Studies No. 57.

GESAMP (1986) Environmental Capacity. An approach to Marine Pollution Prevention. GESAMP REPORTS AND STUDIES No. 30.

GESAMP (1994) Guidelines for Marine Assessments. GESAMP REPORTS AND STUDIES No. 54.

GESAMP (1996b) The Contributions of Science to Integrated Coastal Management. GESAMP REPORTS AND STUDIES No. 61.

Goldsmith, F.B., ed. (1991) Monitoring for Conservation and Ecology. Chapman & Hall, UK.

Hellawell, J.M. (1991) Development of a rationale for monitoring. In Goldsmith, F.B., Monitoring for Conservation and Ecology. Chapman & Hall, UK.

Henderson, A. R., Davies, I.M., 2000. Review of aquaculture, its regulation and monitoring in Scotland. J.Appl.Ichthyol. (in press)

Jonsson, G.S., 2000. Licensing, monitoring and regulation of marine aquaculture in Iceland. J.Appl.Ichthyol. (in press)

ICES, 2000. Report of the Advisory Committee on the Marine Environment, 1999. ICES Cooperative Research Report, 239. 277pp.

Krebs, J. (1972). Ecology - the experimental analysis of distribution and abundance. Harper and Row, New York, pp694.

Maroni, K., 2000. Regulation and monitoring of marine aquaculture in Norway. J.Appl. Ichthyol. (in press)

McMahon, T., 2000. Regulation and monitoring of marine aquaculture in Ireland. J.Appl. Ichthyol. (in press)

Papoutsoglou, S.E., 2000. Monitoring and regulations of marine aquaculture in Greece: licensing, regulatory control and monitoring guidelines and procedures. J.Appl Ichthyol., (in press)

Pedersen, P.B., 2000. Regulation and monitoring of marine aquaculture in Denmark. J.Appl. Ichthyol. (in press)

Pickering, H., 1998. Legal Issues associated with free fish farming at sea. CEMARE RES.PAP.NO.132, 25P.

Rosenthal, H., 1994.  Fish farm effluents and their control in EC countries: summary of a workshop. J. APPLIED ICHTHYOLOGY. Special Issue, Proceedings of the Workshop on Fish Farm Effluents Vol. 10(4), pp. 215-224.

Rosenthal,H & Hilke,V, 2000. Aquaculture production and environmental regulations in Germany. J.Appl.Ichthyol. (in press)

Ruth, M., 1997: Zukunft der Muschelfischerei im schleswig-holsteinischen Wattenmeer: Ausgleich zwischen Ökologie und Ökonomie? pp. 9-17. In: Dethlefsen, V. (Eds.). SDN-Kolloquium, Zukunft der Muschelfischerei im schleswig-holsteinischen Wattenmeer: Ausgleich zwischen Ökologie und Ökonomie. Schriftenreihe der Schutzgemeinschaft Deutsche Nordseeküste. 61 pp. 

Sanchez-Mata, A., & Mara J., 2000. A review on marine aquaculture in Spain: production, regulations and environmental monitoring. J.Appl.Ichthyol.(in press)

Saroglia, M., Cecchini, S., Saroglia-Terova, G., 2000. Review of regulations and monitoring of Italian marine aquaculture. J.Appl.Ichthyol. (in press)

Seymour, E.A. &  Johnsen, F.  1990. Comparison of extruded and pressed pellets feeds for juvenile Atlantic salmon, Salmo salar L. in relation to efficiency and feed waste to the environment. Paper presented at the International symposium on Feeding Fish in our water: Nutriional Stategies in Management of Aquaculture Waste. Guelph, Ontario, 5-8 June 1990.

Smaal, A.C., Lucas, L., 2000. Regulation and monitoring of marine aquaculture in The Netherlands. J.Appl. Ichthyol. (in press)

Smaal, A.C.,T.C.Prins, Dankers, N., & Ball, B., 1998. Minimum requirements for modelling bivalve carrying capacity. Aquatic Ecology (31):: 423-428.

Talbot, C. & Hole, R. 1994. Fish diets and the control of eutrophication resulting from aquaculture. J. Appl. Icthyol. 10(4) 258-270.

Tchobanoglous, G. & Burton, F.L., 1991: Wastewater Engineering: Treatment, Disposal and Reuse. (3rd Ed.)  McGraw-Hill Inc.,: New York, 1334 pp.

Usher, M.B. (1991) Scientific requirements of a monitoring programme. In Goldsmith, F.B., Monitoring for Conservation and Ecology. Chapman & Hall, UK.

van Houtte, A., Bonucci, N. & Edeson, W.R. 1989.A Preliminary Review of Selected Legislation Governing Aquaculture. FAO, Rome, 86p.

van Houte, A, 1994. The legal regime of aquaculture, FAO Aquaculture Newsletter, FAN 7 (1994) 10-13.

van Houtte, unpublished, 2000. Background paper: Establishing legal, institutional and regulatory framework for aquaculture development and management. Aquaculture in the Third Millenium Conference, Bangkok 20-25 February, 2000.

Varjopuro, R., Makinen, T., Helminen, H., 2000. Regulation and monitoring of marine aquaculture in Finland. J.Appl. Ichthyol. (in press)

Warrer-Hansen, I. 1982. Methods of treatment of waste water from trout farming. EIFAC Technical paper, No. 41, FAO, Rome, pp 113-122.
Zar, J.H. (1984) Biostatistical Analysis. Prentice-Hall, USA.

1 Directives are legal instruments which are binding on Member states as to the result to be achieved, but leaving them free to choose the form and the methods to be used.


2 EEC, Dangerous Substances Directive (76/464/EEC): lists of substances which are toxic, persistent and which bio-accumulate (List 1) and those which have a deleterious effect (List 11).


3 Directive 76/160/EEC concerning the quality of Bathing Water.


4 Directive 75/440/EEC conceerned the quality required of surface water intended for the abstraction of drinking water in the Member States.


5 Directive 78/659/EEC, on the quality of fresh waters needing protection or improvement in order to support fish life.


6 Directive 79/923/EEC on the quality required for shellfish cultivation.


7 Directive (COM(97)49) will replace 7 Directives, allowiong them to be repealed:Directive 80/778/EEC, on the quality of water for human consumption;Directive 91/271/EEC on urban waste water treatment; Directive 91/676/EEC on the protection of waters against pollution caused by nitrates from agricultural sources. Harmonising legislation on water quality parameters and protecting all types of waters, will also replace groundwater Directive 80/68/EEC, Surface Water Directive 75/440/EEC, Fish Life Directive 78/659/EEC, Shellfish Cultivation Directive 79/923/EEC and Discharges into Water Directive 76/464/EEC.


8 Directive 79/409/EEC, on the conservation of wild birds, came into effect in 1981, amended in July 1997 as 97/49/EC.


9 Directive 92/43/EEC on the conservation of natural habitats; Barcelona Convention Protocol concerning Mediterranean Specially Protected Areas (Geneva, 1982).


10 OSPAR 1997 agreed to review, at least every ten years, descriptions of best available techniques (BAT) and best environmental practice (BEP) and to make any consequential changes in Decisions and Recommendations based upon them. However, taking into account the results of work which is being carried out within other international fora (e.g. within other regional Conventions or within the EC as regards the development of BREFs under the IPPC Directive), there might be a need to review the relevant BAT/BEP earlier than anticipated in the tables in the Appendices.
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