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1.  Environmental Monitoring: Function and Purpose


The OSPAR Convention 5 Annex IV (On the Assessment of the Quality of the Marine Environment) defines monitoring as “the repeated measurement of 

a) the quality of the marine environment and each of its compartments, that is, water, sediments, biota;

b) activities or natural and anthropogenic inputs which may affect the quality of the marine environment

c) the effects of such activities and inputs

Monitoring may be undertaken with the purpose of identifying patterns and trends for research or other purposes. (OSPAR, 1998). Here the term “ monitoring” clearly refers to a baseline position, which establishes normative values. 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
 
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 

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. 
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


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.
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 1, 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 quality 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 . 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.
C.  The Producer


 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

 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). In an ideal world, it would be possible and perhaps even desirable to monitor all the necessary parameters 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.


But the real world has different priorities. 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), 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.

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.

1 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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