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1999 Meeting of the ICES Working Group on Environmental 
lnteractions of Mariculture 

Montpellier, 15-20 March 1999 

1. Opening of the Meeting 

The 1999 meeting of ICES WGEIM commenced at 0900 hours on 15 March 1999 at the offices 
of the Languedoc-Roussillon Region in Montpellier, France. The meeting was opened by 
M Madalle, Vice-president ofthe Region with responsibility for marine production, and head of 
the aquacultural unit (CEPRALMAR), who welcomed the WG to Montpellier on be half ofM Blanc, 
Presidentofthe Regional Council. On behalf ofWGEIM, the Chairman, l an Davies, thanked the 
Region for their hospitality. 

The meeting was attended by members from six countries, with support from ane otherthrough 
fax and e-m a il. Several other regular participants were unable to attend through illness or other 
engagements. Apologies were received from Harald Rosenthal, Ed Black, Timo Makinen, 
Hans Ackefore, Peter Burbridge, and Eva Roth. 

The WG particularly regretted the absence of participants from Portugal, Spain and the 
Netherlands. Portugal has several nominated members but they have rare ly attended. The re 
is no member from Spain. WGEIM considered that it would be particularly beneficia l to have 
participation from the lberian peninsularwhere pond/tank culture was much more common then 
inN Europe and where same forms ofco-cultivation occurred. It would als o be valuable to have 
a member nominated from The Netherlands particularly in view of the important mussels 
production in The Netherlands. Mariculture Committee are asked to encourage both the 
nomination ofmembers by Spa in and The Netherlands, and the attendance by participants from 
as many countries as possible. 

2. Adoption of the Draft Agenda 

The draft agenda was accepted without alteration, although during the meeting same additional 
items were added to "Any Other Business". 

3. Arrangements for the Preparation of the Report 

The Chairman explained !hat, in common with all ICES WGs, WGEIM would be required to 
agree the recommendations and main points in their report by the end ofthe meeting. IFREMER 
and the Regional Council were thanked for providing word processing, fax, copying and Internet 
facilities to assist in !his task. 

4. Reports on: 

4.1 National Production Trends 

This section summarises same aspects of production trends. More complete information can 
be found for each country in Appendix 3. 
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4.1.1 Scotland: Shellfish production in Scotland (1997) is still on a relatively small sea le, and 
dominated by mussels (1 ,307 tonnes) and oysters (2.8 million) and was increasing on ly slowly. 
Marine biotoxins were a serious hindrance to harvesting during the summer months. 

Sal mon production had increased by 19% to 99,197 tonnes in 1997. The input of smolts to sea 
increased from 32.9 million to 42.8 million, and it would be anticipated that this will be reflected 
in increased production in 1998 and 1999. However, the impact oflnfectious Sal mon Anaemia 
on production in 1998-99 has not yet been assessed. 

4.1.2 Canada 

a) Atlantic Canada 

Production of fish is still dominated by salmon, but had decreased by 20% in 1998 as a 
consequence of ISA. Musse! production (1997) had increased by 1 O% to 13,000 torines, and 
Ame ri can cyster production was now 4,500 tonnes. Scallop production was small (1 09 tonnes) 
but increasing. 

b) Western Canada 

The production of sal mon in BC in 1997 was 40,500 tonnes, campa red to 27,600 tonn es in 1996. 
Rainbow traut production had fallen to 150 tonn es from 800 tonn es in 1996. There had been little 
change in the production of shellfish (Pacific cyster, clams, scallops). 

4.1.3 Jreland: Sal mon production amounted to 15,400 tonnes, bu! would probably increase to 
25,000 by 2002. Musse! cultivation by rope (6, 700 tonn es) and bottom methods (1 0,000 tonnes) 
was als o important. A particular difficulty had a risen over a new biotoxin which had be en found 
in three areas and which persisted for up to eight months over the winter. 

4.1.4 Norway: Sal mon and rainbow traut production in 1997 was 36,4000tonnes and in 1998 
386,000 tonn es. Changes in quality of stock, fe ed quality, and other husbandry measures had 
greatly improved the productivity of the !arms and reduced the production costs. 

4.1.5 France: Molluscs continue to dominate French mariculture. 150,000 tennes ofoysters 
had be en produced, although the growth rate had been poor in 1998. Musse l production had 
amounted to 60,000 tonnes and therewas increasing use oflong-line systems (now 15% ofthe 
total) despite difficulties with sea bream predation on rope mussels. Strains of flat oysters were 
being developed with resistance to Bonamia and Martellia. The production of sea bream and 
turbot in the sea was increasing, but that of traut had fallen. The total fish production in salt 
water was 6,000 tennes, ofwhich 650 tennes were salmen. 

4.1.6 Germany: Aquaculture remains a small activity in Germany. The main production of 
shellfish is mussels, and amounted to 16,000 tennes in 1998. Production is expected to 
increase in the fu ture in response to a good spatfall in 1998. Other species, including fish, are 
produced at a very Jow leve!. 

4.1.7 Sweden: The overall trends in production in Sweden for the last five years have been 
for an increase in Arctic char production, decrease in rainbow traut, and little change in other 
species. In 1997, 75% ofthe total rainbow tro ut production {4,875 tennes) was in fresh water, 
with 25% in the sea. 1,425 tennes of musse is were produced in 1997. 
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4.2 Significant National and International Meetings 

4.3 Significant New Research Results and Directions 

The meeting did not separate these items from other areas of discussion, and relevant 
information will be found under other Agenda items and in the Appendices. 

5. Development of a Programma ofWork Related to the Objectives of the 
Mariculture Committee, the Marine Habitat Committee, ACFM and ACME 

As introduction to this agenda item, Maurice Heral, Chairman of the ICES Mariculture Committee 
(MC), gave a presentation on the development of forward plans by ICES Committees. He li sted 
the objectives of the MC as follows: 

increase of mariculture production; 
• sustainable development of mariculture; 
• breeding and reproduction techniques; 

diversification of the production (species and techniques); 
• genetic improvements; 
• international broodstock of cultivated species; 
• disease control and epidemiology; 
• introductions and transfers; 
• ecological impacts (positive and negative), including inter-specific effects; 
• interactions of mariculture with other users, and coastal zone management in relation 

to mariculture; 
• environmental interactions. 

These objectives would be addressed through: 

• study groups; 
• working groups; 

workshops; 
• symposiums; 

the Annua! Science Conference, including Theme Sessions; 
• publications- ICES Journal, Cooperative Research Reports, reports, newsletters 
• e-rnail, website·, 
• cooperation with international organisations, such as EAS and WAS; 
• European Union. 

The current task befare WGEIM was to clearly identify their fields of expertise which would 
contribute to the se aims, and to develop a framework within which they could work for the next 
five years or so. 

The reports ofWGEIM were also considered by ACME and Marine Habitat Committee (MHC) 
in addition to the MC. In developing a proposed programme of work, it was necessary that 
WGEIM bear in mind the objectives ofthese Committees, particularly the MHC. The objectives 
ofMHC are: 

• Development of a toolbox to assess marine habitat quality. 
Development of a classification system for marine habitats of coastal areas, continental 
shelves and the open seas, including habitat mapping. 
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• Development ofknowledge on the importance ofbiological diversityto the functioning of 
marine ecosystems. 

• Development ofknowledge on the effects of anthropogenic contaminants on habitats and 
dependent living resources. 

• Enhance knowledge of marine monitoring methodology in relation to the well-being of 
marine habitats. 

Following discussion of the presentation by Maurice Heral, the WG noted that the Objectives 
within the MC Five Year Plan could be considered in twogroups, with two general ai ms and a 
series ofObjectives which described how MC (and its WGs) would seek to meetthe ai ms. The 
WG considered that the more general aims/objectives of MC were: 

1. lncrease of mariculture production. 
2. Sustainable development of mariculture. 

Within !hese aims/objectives, the main are as in which WGEIM considered that it could contribute 
to the work of MC were: 

a) diversification of the production (in terms of the ehvironmental interactions of new 
species or new technologies); 

b) ecological interactions; 
c) the interactions of mariculture with other users of the sea, and coastal zone 

management in the context of mariculture. 

From this assessment, the WGEIM went on to develop a generalised series oftopic areas within 
which it could work, and within which more specific i te ms for Terms of Reference for individual 
meetings could be positioned to en sure !hat ICES maintains a source of information in !hese 
areas and progresses the Objectives of the MC and MHC (in particular). 

1. Collation of Information on Production Patterns 

This information is not currently available to ICES through a ny other ro ute and describes the 
basic structure of resource utilisation on which the rest of the work ofWGEIM (and MC) mus! 
be based. 

2. Meeting Specific Requests for Information F,rom ICES or Other International 
Bod i es 

The WG recognise this as a fundamental aspect of the work of ICES as a whole. 

3. Review of Information on Technological Change in Mariculture, lncluding the 
Utilisation of New Species, with Particular Emphasis on the Consequences for 
Production and the Environment 

This item meets the ne ed to have adequate awareness in the se are as ofimplications of current 
and likely new developments in the mariculture industries. 

4. Review of New Research and Monitoring Programmes 

The emphasis in this task would be making accessible to member countries the products of 
completed programmes which might not be readily available (eg in the Grey literature), and the 
review of the trends and directions in research and monitoring priorities to inform MC and 
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member countries of developments in scientific opportunities and activities, and public attitudes 
and concems. 

5. Review of Monitoring Activities 

The purpose of this item is to ensure awareness of new environmental concems, new 
monitoring targets and new monitoring methods as an aid to ensuring that mariculture is 
undertaken in sustainable ways. 

6. Review lssues of Sustainability in Mariculture, lncluding lnteractions Between 
Mariculture and Other Users of Resources in the Coastal Zone 

The aim in this item is again to support the development ofmariculture in ecologically (in a broad 
sen se to include other human activities) sustainable manner. O ne ofthe approaches thatwould 
be to incorporate mariculture in ICZM structures. 

6. A Plan to Obtain Information on the Effects of Mariculture Activities in 

the Baltic Sea 

The Working Group had been requested by MC to develop a plan to obtain information on the 
effects of mariculture activities in the Baltic Sea with the aim of producing material by April2000 
as a contribution to a chapter on "Baltic fish stocks, diseases and ecosystem effects" for the 
HELCOM Fourth Periodic Assessment of the State ofthe Marine Environment ofthe Bal ti c Sea, 
1994-1998 [HELCOM 1999/3]. 

Anders Al an ara introduced the subject as follows: 

From a physical perspective, the Bal tie Sea offers great potential for aquaculture activities. 
However, other factors influencing the possibilities to run aquaculture are less encouraging. 
Large are as of the coastline are u sed for recreation and tourism, as well as by pleasure crafts 
and commercial shipping. In addition, man y of the best are as for fish farm ing activities contain 
summer houses and permanent settlements, which aften fightstrongly against a ny new activity 
!hat may influence the surroundings. The biggest problem for aquaculture in the Baltic is, 
however, the eutrophication process that have escalated the last 20 years, with reg u lar al gal 
blooms in the most exposed areas and oxygen free deep-water areas. As a consequence, 
HELCOM declared in 1988 that the discharges of nutrients (and other poll uta nis such as heavy 
metals and toxic or persistent organic substances) should be reduced by 50% by the end of 
1995. The implication of !his, at least in Sweden, has been that the Swedish Environmental 
Protection Bo ard and local environmental authorities became very restrictive towards a ny new 
activity that could add more nutrients to the sea. This was of course devastating for most new 
aquaculture initiatives along the Swedish coastline. 

All this mus!, however, be put in the perspective that aquaculture activities account for an 
extremely small part of the totalload of nutrients in to the sea. The total aquaculture production 
of fish in the Bal tie amounts about 20,000 tonnes per year, where Finland accounts for about 
15,000 tonnes and Sweden for about 2,000 tonnes. lf the nutrient load from fish farming is 
compared wilh the totalload from all countries surrounding the Baltic, the load correspond to 
less than 1% of the total. Fish farm ing is, from an environmental point of view, a very small 
contributor compared to othersources. Despite the overall negative situation in the Baltic, the re 
are man y are as along the coastline that have good water quality and are very little influenced by 
eutrophication. In addition, in many of !hese areas, the unemployment rate is high and the 
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population has declined. Politicians and otherorganisations have suggested aquaculture as o ne 
activity that could create working possibilities in such areas. 

A big issue is ifthe Baltic can be restored from environmental pollution and, at the same time, 
be used as a resource for production, eg aquaculture. This is a very difficult question for local 
environmental authorities to handle, and that's pro ba bly why they aften choose to protect instead 
ofpromoting l.icences (the "principle ofprecaution"). Forexample, the Swedish Environmental 
Protection Baard has in an official publication from 1993 stated !hat the nutrient load fromfish 
farm ing in the Baltic could reach 100 and 700 tonn es ofphosphorus and nitrogen, respectively. 
This corresponds to a production of about 15,000 tonnes of fish per year. Problems occur, 
however, when this nutrient "allowance" is divided between counties, because ofthis protective 
attitude. O ne sol uti on may be !hat politicians, both local and governmental, actively take part in 
the discussion and encourage the development of aquaculture in suitable areas. 

Ti mo Makinen (Finland) provided same information on the use offeed in the Archipelago Sea and 
on the estimation ofnutrient loads to the Baltic from fish farm ing in the Finnish Archipelago Sea. 
This information is given in Appendix 10. 

The Working Gro up developed the following strateg y and allocation ofresponsibilities to ad dress 
the main concerns arising from aquaculture in the Baltic Sea. They were informed in advice 
received from ICES Secretariat that the production ofjuvenile salmonids (primarily sal mon and 
brown traut) was to be considered in this exercise as aform of aquaculture. The "aquacultural 
period" ofthis operation would be considered to have end ed when the fish were released to the 
apen environment and could no langer be considered the property of the hatchery owner. 

In preparing material for this task, contributors should bear in mind the need to present a 
balanced view of the problem. WGEIM noted !hat the proposed plan primarily addressed issues 
ofthe environmental effects ofmariculture. WGEIM indicated thatitwas also necessaryto take 
a range of socio-economic issues into account in coming to a balanced view of the 
consequences of mariculture in the Bal ti c Sea, and recommended that Mariculture Committee 
consider mechanisms whereby the scope could be expanded beyond environmental matters. 

Effects of Mariculture in the Baltic Sea- the Plan 

lssue Approach 

Location, scale and nature of fish Approach national members of 
arming Mariculture Committee. 

Nutrient relea ses direct to sea 
water 

Nutrient releases in fresh water 

Estimate from current productiOn 
levels and reasonable values fOr 
FCR, and place in context with 
other inputs of nutrients (data from 
HELCOM PLC3 programme). 

Estimate from current production 
levels (FAO database) and 
reasonable values for FCR. Make 

Responsible person 

lan Davies 

Anders Alanara. using dqla from 
lan Davies on production levels. 
Ed Black to assist. 
lan Davies to approach HELCOM 
re: PLC3. 

Use method from Ackefors and 
Enell paper. 

allowances for the trapping of solid Anders Alanara and Ti mo Makinen, 
waste in lakes, and for losses of probably with assistance from 
nutrients in estuaries, and place in Hans Ackefors. 
context with other inputs of 
nutrients (data from HELCOM 
PLC3 programma. 

·····················-----------························ ······· ·············----·························-------················ ........................................... , .................. . 
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lssue Approach Responsible person 
································································ ................................................................ ······························································· 
Effects of re-stocking on: Seek adviæ from other ICES WG, lan Davies to approach ICES for 
Stock size 
Population genetics 
Di sea se 

or from the Fisheries Baard of advice. 

Other fish stocks 
Feeding competition 

Sweden. 

···-·-························------------······················ ··································--···························· ··················-·---·····················-·----············· 
Use and discharge of chemicals Data on medicines use is 

available æntrally in Sweden. 
Antifoulants- Contact fish farms 
direct for information. 

Anders Alanara to deal with data 
forSweden. 

lan Davies to approach Timo 
Makinen about Finland. 

Anders Alanara and Timo Makinen 
to complete the !ask. 

Sea le of impact on the sea bed Literature review and estimation by Jan Davies to approach 
analogy with other marine sites. Ti mo Makinen as most of the work 

r-ransfer of diseases from farmed Results will be available from 
o wild fish Anders Alanårå's proiect. 

Escapees: 
From Baltic farms 
From farms outside the Baltic 

Results will be available from 
Anders Alanara's proiect. 
Other information from NASCO. 

Use of Baltic herring to make fish Results will be available from 
meal (protein) for the manufacture Anders Alanara's proiect. 
of fish feed. 
Effects on nutrient balance, 
eutrophication, other fisheries, etc 

Effects on marine mammals 

Effects on birds 

Approach Chairman of ICES 
WGMMH. 

Approach Chairman of relevant 
ICESWG. 

has been carried out at Finnish 
sites. 

Anders Alanarå 

Anders Alanara 
Ed Black 

Anders Alanara 

lan Davies 

lan Davies 

7. Update of the Section in the 1998 Report on lntegrated Coastal 
Management (ICM) 

Members ofWGEIM undertook a revision oftheir 1998 text on l CM to reflect more closely the 
scope of expertise of the WG and to meet the needs of ICES. The revised text is included as 
Appendix 9. WGEIM emphasised the importance of l CM to the development ofmariculture in 
new areas, and its growth and continuation in areas where it is already established. Sound 
decisions on resource allocation are essential to the progression of a suite of sustainable forms 
of mariculture in the ICES area. Mariculture, particularly intensive mariculture, is a relative 
newcomer to the coastal zone and interactions will inevitably occur between mariculture and 
pre-existing activities. The re are many ways in which mariculture could potentially have negative 
interactions with other coastal activities, bul equally other activities can adversely affect 
mariculture. The complexity of the web of scientific and socio-economic issues which can a rise 
in coastal areas require a structured approach, such as that developing within the framework 
of integrated coastal management procedures. 
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In addition, the WG prepared a short Working Document as an initial exploration of ways in 
which their expertise on maricultural matters could be brought to bear on the process of 
incorporation of mariculture in ICZM. This Working Document is reproduced at Appendix 10. 

8. A Plan for the Completion of the Cooperative Research Report on 
Chemicals in Mariculture 

The completion of this report had been delayed by the inability of the member ofWGEIM with 
primary responsibility for the dratting task to attend the 1998 and 1999 meetings of the WG. 
Discussions prior to the meeting revealed that the previous report had been extensively reviewed 
and that some new text had been prepared. "Raw materials" for other new text was made 
available to the WG. 

ltwas agreed that the Chairman would work with O ave Alderman (UK) to en sure that the draft 
report is completed and approved by the WG during the current year, preferably befare the 
ASC 1999. 

9. Review of the Current State of Oevelopment of Predictive 20 and 30 
Mathematical Models of Fish Farm ing which lntegrate Environmental 
Physics, Husbandry Practice and Environmentallnteractions 

This item was introduced by Bill Silvert (Canada) who considered models at a series of different 
geographical scales, commencing with the whole bay/inlet scale. The primary !arget of 
modell ing at this scale is the dispersion and effects of dissolved materials such as nutrients, and 
of material that behaves virtually as a dissolved substance. lnputs of !hese substances are 
combined with the flushing characteristics of the in let. The main flush ing mechanisms differ 
between areas. In some cases, tida l flushing was dominant, in others fresh water inputs had 
streng effects on the current pattern. In other areas, such as the Mediterranean Sea, water 
movements could be episodic in response to winds, etc. Modell ing of mean conditions was 
relative ly straightforward compared to the modelling of episodic or exceptional events which 
could greatly influence the environment. The main areas ofdevelopment in "large" sea le models 
are: 

a) development of methods to take account of the proportion of the waterwhich leaves the 
in let on o ne tide and which returns on the next. O ne approach to the illustration ofthis 
pro cess has been the u se ofvirtual "floating tracers" in graphical computer simulations 
of flushing; 

b) the recognition of the importance in some areas of bottom currents induced by 
wind/waves in the resuspension and redistribution of material from the sea bed. 

Physical models of !his general nature were now be ing integrated with models of ecosystem 
processes, particularly pelagic processes and nutrient regeneration from sediment (eg the 
ERSEM model). Such models could also incorporate the effects of sea lice treatment 
chemicals reducing the filtration activity ofzooplankton, as is currently underway at Strathclyde 
University in Scotland. In areas where light li mils the primary production processes, uptake of 
nutrients by macroalgae and benthic microalgae could accountfor a significant proportion of the 
nutrients released by fish farms. 
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On a smaller scale, say 200 m scale, the main target of modelling is the deposition of solid 
organic-rich waste on the sea bed. Most models were still based upon the fundamental 
approach initially described by Gowen in which particles of various properties are modelled 
settling through the water column and being advected away from the farm by water movements. 
The main development areas in these models are: 

a) the recognition thatfish faeces may not closely resemble coherent particles and may not 
obey Stoke's Law. Diver observations, particularly at sites using modem high energy, 
lipid-rich feeds have described fish faeces as having a mucus-like texture, to be present 
as strings which drift in the water and which can adhere to items such as cage nets until 
disturbed; 

b) the importance of resuspension of bottom sediments in same locations, and the 
consequential redistribution of sedimented waste. 

The combination ofthese two factors ten ds to distribute faecal waste over larger distances than 
the normal models predict. Same field observations of the distribution of sea lice treatments 
after use tend to support !hese suggestions. A new modell ing approach may be necessary 
including horizontal diffusion coefficients, and probably combining structured and empirical 
models. 

Same progress was be ing made in linking the physics of particulate waste deposition with the 
response of the benthic community. Bill Silvert has carried outtwo studies of the changes of 
benthic communities over time in response to benthic enrichment from fish farms. A study of 
farm siles in Mai ne with J Sowles and L Churchill showed that siles exposed to constantcarbon 
loading exhibit an asymptotic response and can take several years to reach maximum impact. 
lnvestigation of a si te in the Red Sea with D Angel and P Krast confirm ed that benthic response 
can be slow, and in particular suggested that recovery under an abandoned site can be biphasic 
- rapid initial improvement but persistent low-level degradation. In Scotland, Kenny Black and 
colleagues at Dunstaffnage Marine Laboratorywere working on the adaptation and development 
of a model of the benthic effects of sewage disposal (BENOSS) for use at fish farms 
(DEPOMOD). The benthic community response was modell ed in terms of an lnfaunal Trophic 
lndex. The projectwas due to be completed in mid 1999, and the final model would pro ba bly be 
adopted by the Scottish Environment Protection Agency as a tool to a id the establishment of 
appropriate biomass limits at fish farm sites. Further details are given in Appendix 4. 

Jan Aure reported that models were available in Norway which computed the release of 
particulate waste, settlement on the sea bed and nutrient release, and could also be used to 
assess oxygen consumption in cages and the consequent effects on water quality in the cages. 

The work to complete this simulation model of sal mon farming has continued. A recent paper 
described the module for simulating the turnover of energy and matter due to metabolic 
processes in fish as an input to a model for simulating the water quality in fish farms. 

The model conserves energy and matter, resolved in protein, fat and carbohydrates, and can 
be used for many purposes. Among other things, it can be used to tind food compositions 
fulfilling different objectives, for instance, minimising the emission of plant nutrients or food 
costs. It happens that !hese two particular objectives may be combined since high protein 
content in the food (expensive) leads to large ernissions of nitrogen and phosphorus and low 
protein retention by the fish. Here the main application of the model is to compute oxygen 
consumption and emissions ofvarious biologically active substances from a fish farrn given the 
fish stock, food composition, feeding rate and temperature. Fish respiration and emissions of 
dissolved substances are fed into a water quality model for net pen fish farms in natura! water 
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bodies. With known currentstatistics for the farm sile, the minimum flushing of the netpens can 
be estimated. for different physical configurations of the farm. From !his the maximal fish 
production with satisfactory concentrations ofoxygen and ammonia may be computed. The flux 
of particulate organic matter (uneaten food and faeces) estimated by the fish model is fed into 
another model computing the dispersion of negatively buoyant particles by currents and the 
loading of the sediment. Thatmodel (developed earlier) also computes the maximal allowable 
production with viable animals in the sediment beneath the fish farm. 

The Coastal Oceanography for Sustainable Aquaculture Development (COSAD) project 
continues to provide a foundation for ongoing investigations ofcoastal circulation patters in bays 
and inlets, and reia te !his to carrying and holding cap a city for fish and shellfish aquaculture in 
Atlantic Canada. A similar project is underway in Newfoundland. 

B Hargrave and D Wildish have explored the identification of proxy indices to quantify benthic 
impacts and find that sulphide content and redox potential (Eh) are useful and economical 
indicators that can be used for cost-effective monitoring programmes. 

Several members ofthe WG reported observations of fish feeding on excess pellets or faeces 
falling through the water column, thereby reducing the actual deposition ofthese materials on 
the sea bed. Bill Silvert reported episodic feeding on deposited waste by both fish and crabs at 
a fish farm site in Israel, which removed virtually all of the deposited waste at the sile. 
Antoine Dosdat reported a similaroccurrence at a French Medi.terranean sea bream farm. Such 
processes were recognised as important, but reliable (realistic) modell ing was notyet possible. 
A combination of modelling with empirical field data would probably be required and is 
recommended. 

It was noted that the ideal was the balancing ofwaste production with the ability of the benthic 
ecosystem to accommodate the waste, thereby ensuring sustainability and also maximising 
production. Jan Aure suggested thatforms of continuous monitoring ofthe benthic environment 
could assist in meeting !his objective, provided that there was sufficient flexibility in the 
management of the farm to allow adjustments to be made during the production cycle. 
Patchiness in the distribution ofwaste on the sea bed presented a significant problem in !his 
approach. 

A report by Kempf and Merceron working in Cherbourg Bay showed that under the strong 
hydrodynamics of the bay, no significant organic deposition was noted on the sea bed. The 
current velocity was increased under the cage nets, decreasing the deposition of material 
immediately under the cages. Conversely, a slight butsignificantelevations ofcopper and zinc 
concentrations have been detected in the sediments, presumably derived from minerals in the 
fish feed. 

Where sea grass beds (Posidonia) have been described, there is still a de bate on the balance 
between the effects on growth by enrichment by organic matter, and shadowing by the cages. 
This could probably be modelled, but sound field monitoring has not yet been conducted. 

In relation to shellfish production, Maurice He ra l reported !hat itwas now recognised thatin some 
locations the flux.of carbon to the sea bed led to increased availability ofnutrients and stimulated 
the growth of micro-phyto benthos, such as benthic diatoms. Production took place at low tide, 
and the cells were suspended in the water as the tide rose and became available to the shellfish. 
Growth was limited bytemperature, not by light. The process was important in intertidal areas 
and couldalso occur in the shallow sub-tidal within the photiczone. ltwas increased by shellfish 
biodeposition. 
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Studies on the benthic effects of suspended mussel culture were underway in lreland and 
Scotland. Several reports had been published from Sweden (and earlier from Portugal). 

The WG suggested that an ASC Theme session be organised on the linking of modell ing of 
processes leading to effects on the benthic environment, and the tempora l patterns of change 
(degradation and recovery) of the benthic fauna. 

On the smallest scale, modelling was normally addressed to the effects of farms on 
hydrodynamics (and sediment accumulation at shellfish farms). The target was therefore 
primarily a husbandry matter, as current patterns through and round cages had direct impact 
on water quality in cages (dissolved oxygen levels for example). Relatively little was known 
about this although some observations had been made (eg by Mark Kempf of l FREM ER). 
Martin Hevia has studied the current patterns around fish cages in Chile and G Bugden and 
P Keizer used dye tracers to study water movements within cages. Some new rneasuring 
instruments were available, eg ADCP which could exa mine currentfields in great detail. ltwas 
also possible to measure the effects of rnussel long lines and tres ties on wave height, and 
current velocity, which would affect sediment accumulation and biodeposition patterns. 
Modelling in this area was not well advanced, and it was suggested that a combination of 
structural and empirical models would be needed. 

The WGEIM recommended that a review be undertaken at its next meeting of the availability to 
the scientific community ofmathematical models concerning the environmental interactions of 
mariculture. 

1 O. Update on the CurrentState of the Art on General Environmentallssues 
Relating to Mariculture (eg Use ofChemicals, Husbandry lmprovements, 
Modelling, etc) 

10.1 Sea lice control, and the use of chemicals 

Sea lause control re mai ned a general problem in commercial and welfare problem in sal mon 
cultivation_ Additionally, declines in wild salmen id stocks noted in lreland, Scotland, Norway and 
Canada have been linked by some people with sea lice populations at sal mon !arms. lreland 
had instigated a compulsory sea lause monitoring programme at fish !arms and had installed 
counters on many rivers. Louse control was largely through the use of chemicals including 
cypermethrin and ivermectin. Norway was undertaking additional studies of basic lo u se biology, 
and the re were proposals to exclude fish farms from some fjords, close rivers to fishing and ban 
fish larming in some Regions (eg E Finmark). There is increasing pressure against the use of 
medicines as feed additives to prevent the possible transfer of medicine residu es to wild fish 
eaten by consumers. The re was particular press u re on diflubenzuron which has be en reported 
to degrade to a carcinogen (p-chloro-aniline). In Canada there was no fishing for sal mon in 
estuaries or on the high seas. The re is press u re in Scotland for the introduction of an effective 
and environmentally acceptable approach to sea lice control. 

The Working Gro up noted a general tendancy towards increased pressure against the u se of 
chemicals (including therapeutants) atfish farms. Arne Ervik reported !hat in Norway, the use 
of in-feed treatments for disease or parasite infection was likely to become more difficult to 
su sta in because of the p oss i ble transfer of such chemicals to wild fish feeding on excess pellets 
and faeces. Reports of antibiotics being found in wild fish at Norwegian fish farms about 
1 O years had been very influential. 
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In Scotland, a large. new field programme of investigations (Post-authorisation Monitoring 
Programme, PAMP) into the possible community-leve! effects of sea lice treatment chemicals 
had been initiated. Sea lice treatment chemicals are categorised as medicines in UK (and EU) 
legislation. Before commercial preparations for the control of sea lice in mariculture can be 
presented to the market it is necessary for the manufacturer (normally) to obtain a Marketing 
Authorisation (MA) under UK and EU legislation. 

Applications for MAs are assessed under the UK Medicines Actwhich the requires the licensing 
authority (Secretaries of State for Agriculture, acting on the advice of the independentVeterinary 
Products Committee, supported by the Veterinary Medicines Directorate ofMAFF) to take into 
account factors reia ting to: 

a) the pharmaceutical quality of the product; 
b) the efficacy of the product; 
c) the safety of the product to consumers, operators, and the environment. 

Safety to the environment is assessed from data generated in a tiered series of tests rang ing 
from simple determinations of physico-chemical properties to multi-species mesocosm studies 
and modelling of the behaviour and fate of the substance in the environment. In most cases, the 
data required by VPCNMD stop short of experimental mesocosm studies, bul include single 
species acute and chronic toxicity tests, and observations ofthe behaviour and biological effects 
of the product in field trials. 

This information, togetherwith the establishment of a Maximum Residue Leve l by the European 
Medicines Agency, forms the core of the safety package in an application for a MA. 

Concern has been expressed by conservation organisations, and others, in the UK !hat the 
medicines assessment procedure cannot take account of possible langer term environmental 
effects, particularly at community and higher levels. There is very little, ifany, scientific evidence 
to sug gest that significant effects have a risen from the u se of sea lice treatments (primarily 
dichlorvos and hydrogen peroxide) to date. However, studies at the community level are not 
easy to undertake, and on ly a few studies of the community effects of sea lice treatments have 
been attempted. 

In recognition of this, a consortium of fund ing agencies have instigated a Post-Authorisation 
Monitoring Programme of the community level effects of the use of sea lice treatments at 
salmen farms in Scotland. The fund ing agencies include Government environment and fisheries 
Departments, conservation organisations, pollution control agency (SEPA), the Scottish Sal mon 
Growers Association, individual salmon farming companies, with support from the relevant 
pharmaceutical companies. The project will begin shortly and willlast three-five years. It is 
being carried out by a consortium of research institutes and consultants led by Dr Ken ny Black, 
Dunstaffnage Marine Laboratory, Oban, Argyll. Further information is given in Appendix 5. 

Again in Scotland, the Scottish Environment Protection Agency, which is responsible for water 
quality in the coastal zone has recently commissioned a report on possible new monitoring 
strategies to address the biological effects of sea lice treatments. The discharge of sea lice 
treatment chemicals from sal mon farms in Scotland can only take placewith the formal Consent 
of the Scottish Environment Protection Agency, under the Contra l of Pollution Act, 197 4. This 
Consent normally requires that the fish farm undertake an approved programme of 
environmental monitoring covering such matters as the effect of organic matter deposition on 
the benthic environment, and of nutrient and oxygen levels in the water column. 
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SEPA have recognised that there is recurrent public concern over the discharge of sea lice 
treatment chemicals to the sea, in relation to both the products which are currently Authorised, 
and thosewhich are presently progressing through theAuthorisation process. SEPAconsidered 
that chemical monitoring for the substances was difficult and also did not directly ad dress the 
main concem, namely the biological effects ofthe chemicals concemed. SEPA concluded that 
it was necessary to con sider the feasibility of developing biomarker and bio-assay approaches 
to the assessment of the biological effects of sea lice treatment chemicals. Consequently, 
SEPA (through their research-sponsoring agency SNIFFER) have commissioned a review of 
the applicability ofcurrent, established biomarker and bio-assay procedures to detect biological 
effects arising from specificsea Iie treatment chemicals, and of the potential for the development 
of new biomarker procedures for use in monitoring programmes. It is hoped that the report of 
this project will be available soon. 

WGEIM considered that, while itwas necessary to undertake appropriate monitoring activities 
at fish farrns, the lang-term sol uti on to sea lice problems would Iie in the area of control of the 
lice at levels which posed no direct or indirect threat to the environment. It was essential to 
continue basic biological etc research into sea lice to identify effective control strategies and 
techniques. 

Some other cultivation systems had been shown, orwere like ly to, have the potential to reduce 
lice levels. Pump ashore tank sites generally did not have lice problems. Anders Alanara 
suggested that closed cage systems with pumped water intakes from depth might avoid 
exposing the fish to "infective" li fe stag es of lice. A few commercial scale systems were in u se 
in Norway and under trial in Sweden. The main purpose of the systems was to control the 
temperature of the water in the cages (usually to increase temperatures in winter). The WG 
noted that such systems were normally rather expensive to install and operate, but that they 
might have application in particularly sensitive areas, and thatthey could offer the potential for 
the confinement and treating ofeffluents. Even with more traditional cage designs, the re could 
be the possibility of retaining treatment chemicals in baths and using swim-over techniques to 
treat the cultured fish. WGEIM agreed to review reports on the success and usefulness of 
closed systems at its next meeting. 

Wrasse were used at many fish farms in Norway, but were less common in Scotland. This 
difference was probably linked to the availability (and cost) of the wild-caught wrasse from 
limited slacks. It had been shawn that wrasse were only effective on small fish, !hat they are 
largely ineffective in the winter and that they can carry salmonid pathagens. 

10.2 lntroduced species through aquaculture 

Harald Rosenthal reparted that ne ar the island of Sylt in the North Sea, Crassostrea gigas had 
been grown on tres ties for more than 1 O years, and was reliant upon imported seed from 
certified hatcheries in lreland. Seed was normally laken direct from the hatchery to Sylt. 
However, occasionally it has be en necessary for the seed to be sto red o utside the hatchery for 
a few days befare export. This led to same growth of foul ing organisms and the importatian to 
the Sylt area of the Wadden Sea of Sargassum muticum, Ascophyllum nodosum, Aplidium 
nordmanni (an ascidian) and Stye/a clava (which originated in the East Pacific). 

Crassastrea gigas new seemed to be established (probably permanently) in the wild in the 
Wadden See. Spatfalls occurred ion 1991 and 1994, and the population was estimated at 
1 ,000,000 in summer 1995, afwhich 66% survived the subsequent severe winter. The animals 
grew to 50-80 mm in two years, and the size structure of the population suggested survival of 
same animals from the 1991 spatfall. The animals were found as an epibionton densely packed 
musse l beds, from which the normal common macro-algae were absent. Crassostrea therefore 

1999 WGEIM Report 13 



does not occupy the niche ofthe regionally extinct Ostrea ed u lis, but constitutes an r-selected 
species invading a crowded community in an undisturbed habitat. 

Antoine Dosdat reported !hat more !han 50% of the macro-algal species in the Thau lagoon had 
been introduced, almost certainly in association with imports of oysters for mariculture 
purposes. 

Ed Black provided a report of the occurrence of juvenile Atlantic sal mon in the Tsitika River, 
British Columbia. The presence oftwo age classes ofjuvenile Atlantic salmon in a riverwhich 
hosts no hatcheries containing that species suggested !hat Atlantic salmon had successfully 
spawned in the river in 1996 and 1997. There was same doubt as to the numbers ofjuveniles 
present, the numbers of other salmonids present and the geographical distribution of the 
juveniles. The presence ofthese juveniles necessitated an evaluation oftheirability to establish 
an endemic population and compete with local salmonid species. Concern was constrained by 
the fact that the re had been numerous introductions of as man y as half to ane million eggs or 
fry to other river systems and no recorded returns from the smolts thatwentto sea (see WGEIM 
1998 report). In addition, lirnited genetic evidence collected from !his occurrence suggests !hat 
all the fish may have been the result of a single pair of fish mating in 1996 and another pair of 
fish in 1997. Further, even at the mostextreme estimate of the abundance of Atlantic sal mon 
fry they were very rare when compared to local sal mon id species. 

WGEIM noted that increasing recognition of the risk of inadvertent transfers of alien species 
when rnoving marine organisms from place to place .. In same areas, aquaculture was 
dependent on the irnportation of juveniles, or other !ile stages. The development of local 
broodstocks and sources of juveniles is clearly a method of reducing this risk. While same 
introductions may present hazards to the wider environment in the receiving area, other 
importations can present direct hazards to aquaculture. Pests and diseases carried in the 
transferred organisms are a clear example. In addition, the transfer oftoxic algae, with imported 
animals or by other means, such as ballast water are significant risk factors. Norway has 
recently experienced a bloom of Chatonella, thought to have been imported in ballast water, 
while there has been occurrences of a previously unknown toxin in lreland. Antoine Dosdat 
reported a similar experience in the Thau lagoon. 

10.3 Other pests 

Oyster producers in same parts of Atlantic France were experiencing considerable increases 
in the populations of Crepidula fornicata (slipper limpet). Crepidula was introduced to the area 
from N Ame rica a bo ut 50 years ago, bu! had recently increased innumbers such thatthey now 
attained 30-40% of the standing stock of oysters in same areas. The Crepidula was expanding 
even in areas where oysters stocks were too high, and were competing for the energy 
resources. Growers were trying to remove them by trawling, but !his was costly, and the re was 
no significant market for the Crepidula. 

Thomas Land ry reported that in same locations on the. west coast of America, a burrowing 
shrimp was altering the structure of shore areas (under-mining) and making the sediment 
unstable. Control was being attempted by chemical spraying. 

11. Evaluation of lntegrated Farming Systems in Coastal Habitats 

The main advantages commonly stated for existing integrated aquaculture systems (mainly 
outside the ICES area) is that they are otten traditional systems which have been shown by the 
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passage of time to be sustainable, and which aften make use of wastes from other forms of 
aquaculture or agriculture as energy inputs. 

The WG briefly reviewed the status of integrated systems (essentially co-culture systems or 
systems which utilise waste heat) in countries represented by the members ofWGEIM present 
at the meeting. 

Members were not aware of any co-culture systems involving marine organisms in Scotland, 
lreland or Norway. In France, the re were some situations in which discharges from land-based 
farms led to concerns. One example was on the Atlantic coast of France in a marsh area 
protected under Natura 2000. Effluent from a 300-500 tanne sea bass farm was passed into a 
pond where silicate was added to stimulate diatom growth. After six-seven days, the effluent 
with phytoplankton was passed into an oyster pond. The oysters consumed the diatoms and 
grew to a good quality. At the moment, the oysters were not presented for sale, but could be 
once a system was in place to ensure that any pharmaceuticals used at the farm were not 
passed on to the consumer through the oysters. The plankton ponds also attracted large 
numbers of birds which could form the basis of an additional bird-watching activity. 

A num ber offarms are us ing recirculating systems for sea bass and sea bream production. The 
rejected water is high in nitrogen and phosphorus and is also used to back-flush the filter 
systems. This effluent has been used in the production of Ulva lactuca (no commercial va lue) 
and experiments are underway on Gracilaria production which may have a commercial use. It 
was noted that there was interest in Spain and Den mark in this system for the production of 
turbot and eels respectively. 

The main stimulus to the growth of co-culture integrated systems was for environmental 
protection purposes. In France, many complaints had been received from cockle fishermen, 
recreational users, etc aboutthe growth of green algae which was attributed to the presence of 
a fish farm in the same waters. France was developing a zoning system for marine systems 
which would seek to define acceptable developments in various areas. 

O ave Wildish reported that there was an experimental system in Canada in which macroalgae 
(Porphyra) was being produced in suspended culture at a salmon farm. The only current 
example of the use ofwaste heat ofwhich the WG was aware was for the production of about 
1,600 tonnes of sea bass in France near Dunkirk. Other experimental projects included the 
cultivation of sea urchins ( Strongy/ocentrotus) in various structures associated with sal mon 
cages. There was an unusual commercial activity in Canada which involved the capture of 
herring, their retention in cages, and the trapp ing of herring eggs on keip added to the cages. 
The combined product of keip and eggs was sold to Japan. 

The WG briefly reviewed the conditions necessary for the development of co-culture systems. 
They noted that the re was a long history of semi-extensive systems which had demonstrated 
sustainability. However, the current commercial pressure seemed to support co-culture on the 
grounds of more efficient (orcomplete) utilisation of the energy input (feed, etc), the opportunities 
fordiversification to reduce the vulnerability ofthe enterprise to market changes ordisease, and 
the possibility ofimproved effluentquality. In mostcases, the confined effluentstreams available 
from land-based farms were more amenable to u se for shellfish of al gal culture than were the 
effluents from cage culture systems. 

A form of co-cultivation could be envisaged in o pen or semi-enclosed areas of relative nutrient 
deficiency where discharges from fish farm ing could increase the nutrient status of oligotrophic 
waters, encouraging the development ofphytoplankton and providing new opportunities for the 
development of mariculture activities to take advantage of the enhanced prima ry productivity. 
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Significant factors mitigating against co-culture were currently fears over disease, either 
increased risks of transfer or increased difficulty of control, and economic factors. Currently, 
most co-culture systems based on current intensive systems are not economically 
advantageous. The main difficulty aften seems to be eitherthe availability ofsufficient land close 
to thefish farm for the relatively large area ofadditional ponds, or the purchase costofthe land. 

12. Assessment of Information on the Fate of Cysts of Toxic Algae in 
Erosional and Depositional Sedimentary Environments 

Man y species of dinofiagellates, as part of their life-cycle, produce non-motile re sting cysts 
which sink from the water column to the sedimentwhere they may remain viable for many years. 
Of relevance to the mariculture industry, and in particular the shellfish industry, are cysts of 
dinofiagellate species which produce toxins, eg Alexandriumspp. lnitiation oftoxic blooms of 
these species may be associated with the germination of cysts from "sE:led-beds", into motile 
cells under favourable environmental conditions. Blooms of toxic species can result in the 
accumulation oftoxins in shellfish to a lev el which renders them unsafe for human consumption. 
This can lead to prolonged closures of shellfish production areas and significant E:!Conomic 
losses for shellfish producers. Alternatively, bloomsof species that produce ichthyotoxins, eg 
Chatonel/a spp., (Heterosigma akashiwo) may occurwhich .can le ad to mortalities of cultivated 
species, both finfish and shellfish. This species has caused losses of fish in France, Spain, 
Portugal, UK and Canada. It is believed to have bee.n respons i ble for losses ofjuvenile oysters 
in BC and Washington state. · 

Studies carried out in many countries within the ICES area have revealed the presence of cysts 
of taxi c species in sediments in aquaculture locations and in depositional areas in the co a stal 
zone. Surveys carried out in Scotland in locations where Paralytic Shellfish Poisoning (PSP) 
toxins have been detected in shellfish have revealed the presence ofvarying concentrations of 
cysts of a num ber of genera, including Alexandrium (Appendix 12). Similar results have also 
been reported from Canada, Ire land, Norway and France. A study in Oslo fjord had used the 
distribution of cysts in sediment co res to describe the "history" of the occurrence of Alexandrium 
in the area. 

Dave Wildish reported that Alexandrium cysts were an endemic problem in the Bay of Fundy 
area, and had been stud i ed for same time. They tended to be concentrated in sediments in 
muddy depositional areas, and were largely absent in erosional areas of sand or glacial til l. 
Canadian workers were satisfied that these cysts formed the basis of later blooms, and work 
in Canada and the US had been carried out to determine the conditions (temperature shock) 
necessary to induce the "hatching" of the cysts. Cysts had been shown to remain viable in 
sediment for up to ni ne years. 

There are several mechanisms by which cysts can be resuspended into the water column 
and/or transported from ane location to another. The potential transport in ship's ballast water 
has previously been discussed by the Working Group on lntroductions and Transfers of Marine 
Organisms (WGITMO). Heterosigma is known to survive intercontinental transport in ballast 
water. Other mechanisms discussed bythe WGEIM included: 

• harrowing of sediments underneath fishfarm structures; 
maintenance/capital dredging ofports and navigation channels and the.disposal of the 
dredge spoil at sea; 

• transfer of cysts via the transfer and relaying of live bivalve shellfish. 
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Harrowing: The Working Group concluded that the practice ofharrowing was inappropriate for 
a variety ofreasons, including the potential resuspension ofcysts, and thatthis practice should 
not be encouraged, even though field evidence suggests that the concentrations of cysts in 
sediment under cages is generally lower than in depositional areas away from the cages. 
Harrowing underneath fish farm structures is currently not permitted (or does not occur) in 
Scotland, Norway and Canada. 

Dredging and dumping: The Working Group concludedthatdredging operations in parts and 
navigation channels, and the dumping of the speil at sea, could potentially result in the 
resuspension of cysts in to the water column and the transfer of cysts into aquaculture locations 
by advective transport. Few studies, however, have been carried out on this issue. Recentwork 
in BC suggests that many of the blooms affecting BC mariculture have been derived from 
excystment phenomena in Vancouver harbour, a major port receiving vessels from areas such 
as Japan where blooms of Heterosigma are known to be a problem. 

Transfer of cysts via transfer and relaying of live bivalves: Stud i es carried out in The Netherlands 
and lreland have shown that cysts can occur in the intervalvular fluid of live bivalves. The 
potential exists, therefore, for the transport of cysts, including cysts of toxic species, via 
transfers of live bivalves both within and between countries. While the Working Group 
recognised that cysts could be transferred by this mechanism it also recognised that it would 
be very difficult, ifnot impossible, to introduce realistic mechanisms forits regulation and con tro l. 

13. Any Other Business 

13.1 Recent literature on the sustainability of mariculture 

A recent publication in the journal Science (Naylor et al., 1998, Nature's subsidies to shrimp and 
salmen farm ing, Science, 282, 883-884) had suggested that the environmental consequences 
of shrimp and salmen were an unacceptable price to pa y for the products, and that steps should 
be tak en to reform World Trade Agreements to perm it restrictions on the p recess of production 
and to restrict the trade in intensively-produced shrimp and sal mon. The main arguments 
against salmen farming were: 

a) Sal mon are carnivorous and too high in the food web to perm it efficient utilisation of 
marine (fish meal) resources. 

b) Sal mon farm ing uses the sea as a receptacle for nutrients and other wastes. 
c) Poor husbandry has led to the use of antibiotics and pesticides in sal mon production. 
d) Escapees present a genetic hazard to natura l slacks. 
e) The full environmental costs of sal mon production are not internalised and is leading to 

the dem ise of fis heri es and biologi ca! diversity in ocean ecosystems. 

A limited set of correspondence on the paper is included in Science, 283, pp 639-640. 

The Working Gro up noted that man y ofthe arguments in Naylor et al., are similar to those in a 
previous publication which included some of the same authors (Folke et al., 1994, The costs of 
eutrophication from sal mon farming: lmplications for Policy, J. Envir. Management, 40, 173-182) 
A gro up ofmembers ofWGEIM had published a commenton this p aper (Black et al., 1997, The 
costs of eutrophication from salmen farming: lmplications for Policy- A comment, J. Environ. 
Management, 50, 105-109). 
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The Working Group discussedthe paper Naylor et al., at some length, recognising that such 
publications can present distorted or incomplete views ofthe position of intensive mariculture 
in the global food production system. WGEIM agreed that in many areas shrimp production had 
not been performed in a sustainable manner, butthatthe exploitation ofinappropriate siles (or 
by inappropriate husbandry methods) had never been se widespread in salmen farming, and 
was new largely absent in the ICES area. 

The WG felt !hat the paper was very incomplete in that it treated the salmen (and shrimp) 
industries in isolation from other food production sectors. The proposals put forward for far
reaching reforms of the global trading and economic structures without attempting any analysis 
of the wider consequences of their proposals. The main points made during discussion, and 
in contributions received by fax from Harald Rosenthal were: 

1. The "trophic level" argument put forward by Naylor et al., is incomplete. It would be 
possible to full y replace fish meal in salmen diet by vegetable protein, bul currently fish 
meal is economically preferable to vegetable products. Salmen farming uses a small 
proportion of the global fish meal production (perhaps around 15%) and therefore has 
little infiuence on the price. 

2. In discussions overfeed sources and compositionitis necessary to distinguishbetween 
protein and oil, which Naylor et al., fail to do. 

3. Environmental improvements are being progressively made in the ratheryoung industry 
of salmen larming. Feed technology, waste production, chemical usage, and other 
aspects of environmental effect are coming under increasing levels of central and 
improvement. 

4. The term subsidy implies a diversion of food resources from other, more beneficia! 
places. It is not clear what the se might be. ·The fish u sed for fish meal are .aften not 
usable as human di eta ry components in the quantity available from the fisheries. It is not 
clear how any surplus production of the fish meal industry might be used. 

5. Sustainability in the environmental sense cannot be separated from due consideration 
of markets, market demands and product acceptance. 

6. Aquaculture animal products are obtained at all trophic levels, from filterfeeding bivalves 
to fish at higher trophic levels. ·All can have limitations, for example musse! production 
can be limited by predation, food limitation, impact on the benthos, etc. Production is 
modulated by the environment and by market restrictions. Production needs to be 
diverse to meet mark et demands. 

7. The re may be other routes to sustainability in terms offeed utilisation !hat involve the use 
ofwastes in recycling or integrated larming processes, a subject not addressed at all by 
Naylor et al. Such utilisation of wastes is the basis of integrated systems in Asia and 
same parts of Europe, and offers considerable potential for sustainable development, 
and may well incorporate the production of carnivorous fish. 

8. ·The implied comparability between shrimp and sal mon farming is seriously misleading. 
A comparison between sal mon and chicken production might be more appropriate. 

The WG noted that a rep ly to Naylor et al., was be ing prepared by a gro up of scientists from 
ICES countries. WGEIM also noted thatsustainability ofmariculture production was a primary 
objective of ICES Mariculture Committee. In particular, economic and socio-economic aspects 
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need to be considered, identifiying !hose extemalities that could be intemalised and those which 
al ready capture environmental costs from other resource users. ltwas therefore recommended 
that WGEIM should work inter-sessionally to pre pare material for an assessment ofthe progress 
towards sustainability in mariculture in the ICES area. A working lille could be "Towards 
sustainability in mariculture in the ICES area". WGEIM would address itself primarily to 
ecological iss u es, but a full assessment ofthis question would require contributions from other 
WGs with expertise in other areas related to mariculture. The proposed content of the report, 
and persons responsible for progressing elements of it, are as follows. Subject areas outside 
the expertise of WGEIM are referred to MC for support, with the recommendation that the 
relevant !asks are allocated to appropriate Working Groups. 

Report: "Towards Sustainability in Mariculture in the ICES Area" 

Topic area 

Environmental - Fish 

Environmental - Shellfish 

lnter-specific interactions. 
The trophic argument 
(cf Naylor et a/.). 
Fish meal and oil utilisation. 

lnteractions with other 
activities, emphasising 
ecological matters, and 
encompassing procedures 
such as LENKA and MOMS. 

Economic aspects 
Socio-economic aspects 

Responsible persons 

Antoine Dosdat 
lan Davies 

Maurice Heral 

Thomas Landry 
( + Harald Rosenthal) 

Peter Burbridge 
Da ve Wildish 

Eva Roth 
Bernard Glaesser? 
Several members of the 
WG to seek out national 
reports . 

ICES group 

WGEIM 

WGEIM 

WGEIM 

WGEIM 

WGEIM 

................. ................................ ············· ..................................... ···················· ····························--·······························--------
Coastal management 
issues, including: 
l CM 
Resource management 
structures 
Access 
Property rights 
Opportunity costs 
Time averaged benefits, etc 

Genetic matters including 
escapees. 

Eva Roth 
Peter Burbridge 
Bernard Glaesser? 
Ed Black and others 

WGEIM 

MC to refer to appropriate WG 

Disease aspects, including MC to refer to appropriate WG 
transfer to and from wild 
populations. 
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Topic area Responsible persons ICES group 
············································-··-··············· ··························································· .................................................................... .. 
Other interactions with wild MC to refer to appropriate WG 
stocks, including the sea 
lice/sea trout issue. 

Other issues as may be 
identified by MC. 

MC to refer to appropriate WG 

13.2 Plans for ICES symposium in Canada 

Dave Wildish outlined the plans for the ICES Symposium on Environmental Effects of 
Mariculture to be held from 13-16 September in St Andrews, New Brunswick, Canada. The 
basic structure of sessions, chairmen and scientific panel members was as follows: 

Sess ion Chair 
Scientific panel 

. . member 

Harmful algal blooms and mariculture P Lassus H Rosenthal 

Sediment biogeochemistry and mariculture M Holmer l Davies 

Disease/environmental factors in mariculture J Stewart A Figuras 

Environmental monitoring. in mariculture DWildish A Ervik 

Mariculture and production/carrying or holding ca pa city J Grant B Bayne 

Other ecological issues in relation to mariculture M Heral H Ackefors 

The proceedings of the Symposium would be published, and members were encourage to both 
submit papers and attend the symposium. 

13.3 Access to natural resources for aquaculture 

The WG was addressed by M Jean-Paul Troadec, one time Director of Fisheries and 
Aquaculture for l FREM ER. He described the mechanisms whereby the development of man y 
forms of economic activity is dependent upon the presence of a developed and appropriate 
system of property rights. He applied these concepts to the utilisation of renewable natural 
resources, and in particularto the transition from capture fisheries to aquaculture. He u sed a 
box model consisting of resource units, production systems, exploitation systems and 
management (regulatory) systems to demonstrate the poorly developed state of property 
systems in the sea, and how such led directly to over-exploitation of resources. He indicated 
some are as of difficulty that needed to be addressed to improve the property rights system in 

.) the sea to aid the development of aquaculture and simultaneous conservation of natural 
resources. The text of his presentation is given in Appendix 6. 

13.4 Artificial reefs in the Languedoc-Roussillon region 

The WG was addressed by Mme Beatrice Pary of the Centre for the study and promotion of 
aquatic activity in the Region. She described two artificial reel projects in the local coastal 

"' waters, and the development of off-shore mussel rope culture. It was not clear whether the 
reefs had increased marine production of harvestable material. However, the reefs had 
excluded trawlers and re-directed the catch towards local small boats. The reefs provided new 
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opportunities, for example for bottom cultivation of molluscs or crustaceans in the protected 
areas be hind the reefs, or for recreational fishing or diving to the benefit of the local economy. 
A summary of her presentation is available at Appendix 7. 

13.5 Environmental aspects of lnfectious Salmon Anaemia in Scotland 

Much of the attention of both the Scottish salmen cultivation industry and the regulatory 
authorities over the last 10 months orso has been directed at the control of a serious outbreak 
of lnfectious Sal mon Anaemia at sea siles. The re are currently approximately 1 O siles where 
ISA has been confirmed, and a similar number where there is some suspicion !hat it may be 
present. A Joint Government/lndustryWorking Group has been established, and has recently 
published its first report (January 1999). Primary concern has been over the diagnosis and 
con tro l of the outbreak, but a num ber of issues relating to the interaction of sal mon cultivation 
with the environment have also a risen, some of which are outlined below: 

1. Disposal of mortalities and slaughtered fish 

The rapid disposal ofhundreds of tennes offish, sometimes in remote areas, has proved to be 
a difficult problem. The normal facilities for the disposal of routine mortalities were unable to 
cape with such large quantities. Processing through fish meal plants was often not appropriate 
as some plants did not have licences which permitted !hem to handle salmonids, and in others 
the processing was not rigorous enough to fully destroy virus in the fish. Destruction through 
acidification and formation of si lage has been a useful method of disposal. 

2. Disinfection 

The increased attention of the industry to disinfection procedures for personnel, equipment and 
boats has led to increased ne ed to dis pose of u sed disinfectant, and increased u se of slips for 
sterilisation of the hulls of vessels. 

3. Waste discharges 

Discharges from harvesting stations and processing plants have been identified as particular 
risk factors, and !his has emphasises the need for elimination or disinfection of effiuents. 

4. Compulsory fallowing 

An important element in the strateg y being adopted for the eradication of the disease is the 
imposition of compulsory fallowing periods. The infected area has be en divided in to a num ber 
of"Fallowing Zones" el ose to infected farms, "High RiskZones" around !hese, and "Surveillance 
Areas" atgreaterdistance from infected farms. In Fallowing Zones, all the farms will be required 
to fallow simultaneously for a period of six months. This period will commence when all farms 
in the Fallowing Zone are em p ty of fish. The comparable period for High Risk Zones is three 
months. 

5. Requirement for new or expanded siles 

The above requirements have led to same companies predicting considerable financial difficulty 
over the next one/two years. In attempts to mitigate !hese problems, immediate requirements 
for new siles have arisen. These requirements cover a variety of circumstances, from 
temporary accommodation for the 1999 year el ass of smolts until other sites emerge from 
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compulsory fallowing periods, to lang/medium term new production sites where 1999 smolts 
would be grown out. 

In the langer term, it is likely that the movement of fish between siles during the marine 
on-growing phase will be much less frequent than in the past, and that there may be a general 
presumption againstSWto SW movements. This will mean thatmany siles will operate below 
their maximum Consented biomass for much of the production cycle. lf current levels of 
production are to be maintained, companies will have to request additional tonn age at existing 
siles, or request Leases and Consents for new siles. 

6. Draft proposals for new fish farm location management strategies 

Experience in handling the current outbreak of ISA in Scotland has emphasised the importance 
of separation between farms as an element in a disease control strategy. It has been 
recognised for same years thatfish suffering from a range of diseases can shed large numbers 
ofinfective particles (eg bacteria or viruses). These particles will be diluted and dispersed by 
the normal hydrographic processes in coastal waters such as sea lochs. Many of !hese 
parti eies can remain viable in sea water for significant lengths of time, can be carried to other 
farms and may infect otherfish. Consequently, it is gene rally recognised !hat farms which share 
the same body of water will commonly share the same disease problems. With specific 
reference to ISA, the inclusion of other farms within the Fallowing and High RiskZones around 
infected farms has brought a bo ut a reconsideration of possible strategies designed to limit the 
spread of diseases. 

The current distribution offish farms in Scotland is such that farms are aften located within less 
than o ne tida l excursion of each other. Such small separation distances give little opportunity 
for contra! of diseases forwhich infective agents have even a moderate survival time. (hours to 
days) in sea water. Larger separation distances would give more time for the infectivity 
bacteria/viruses to reduce, and natura! hydrographic processes would resultin greaterdilution 
and dispersion of the infective agents. 

However, it was noted that fish farms tendedto be located in groups, separated by less than o ne 
tida! excursion, bul groups of farms were aften separated by rather greater distances 
(geographically and hydrographically) from adjacentgroups. It has therefore been suggested 
that !his existing grouping of farms could be used as the basis for regional and local 
managementstrategies, and that preservation of the separations (fire breaks) between groups 
of farms might be a useful criterion in the assessment of applications for new siles. 

Reference 

Interim Report ofthe Joint Governmentllndustry Working Gro up on lnfectious Sal mon Anaemia 
(ISA), January 1999, 26 pp. Available from the Librarian, FRS Marine Laboratory, 
PO.Box 101, Victoria Road, Aberdeen, UK, AB11 908. 

13.6 Offshore musse! cultivation in Languedoc-Roussillon, France 

Claudine L' Hoste ofCEPRALMAR described the processes which had led to the development 
of a off-shore musse l cultivation industry using submerged lang-lines. Her overheads are 
included in Appendix 7. The Region had been very pro-active in the earl y stag es in supporting 
both scientific and economic aspects of the project (field trials) and also in facilitating 
negociations between other users of the areas, such as fishermen. Large (10 km x 4 km) 
blocks of sea bed had been allocated to musse! farming, and within these blocks producers 
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were allocated (lea sed) one or more conæssions, each ofwhich could hold up to two long-lines. 
Growth of mussels (M. gal/oprovincialis) was rapid and complete in 6-12 months, depending on 
season. Harvesting was seasonal, but growers maintained continuity of supply by seasonal 
importation of fattened mussels from the Atlantic coast of Spain and France. 

13.7 Cultivation of fish in closed systems 

Jean-Paul Blancheton of IFREMER Palavas described the development of closed system 
cultivation technologies for Mediterranean fish, primarily sea bass (and sea bream). The 
systems had developed from poorly controlled hatcheries with very mixed success, to enclosed 
and controlled hatcheries, and were now concentrating on closed on-growing systems. 

The current systems consisted of a primary circulation through the growing tanks with a turn
over of a bo ut once per ho ur (and 100% daily replacement) which included adjustment of pH and 
mechanical filtration, and a secondary effluent treatment system with high activity algal ponds. 
A system with a capacity of 2-3 tonnes of fish would require 300 m' of algal ponds, and would 
produce one tonne dry weight of Ulva lactuca. 

The outstanding problems areas were: 

a) The need to improve mechanical filtration to remove smaller particles; 
b) lmproved control of bacterial populations to either reduce the formation of dissolved 

organic matter, or a id the oxidation of DOM; 
c) Valorisation of the macro-algae produced in the polishing pond. Ulva was very effective 

at removing nutrients, bu! had no significant va lue. Alternative al gal species were be ing 
considered. 

Significant improvement over many existing systems was the efficient and reliable rem oval of 
ammonia (mainly through transformation to nitrate) obtained in the biological filters. These 
continued to work satisfactorily even in winter. The fish were fed through demand feeders and 
fe ed wastage was minimal. The system was explained during a vis it to the l FREM ER Palavas 
station. Copies the illustrative material used by M Blancheton were circulated to WG participants 
after the meeting. 

14. Consideration and Approval ofRecommendations, lncluding Proposals 
for a Further Meeting 

WGEIM agreed the report of the meeting (subject to editing by the Chairman) and 
recommendations listed in Appendix 13, including the proposal for a further meeting in 2000. 

15. C los u re of the Meeting 

The formal sessions of the meeting el os ed at 1635 hours on 19 March 1999. On the following 
day, the members of the WG visited a num ber of mariculture facilities in the area of the Salse
Laucate lagoon. The facilities visited included an established shrimp (P. japonicus) hatchery, 
a new oyster hatchery, and a closed system sea bass farm producing 100 tonnes offish. The 
sea bass farm uti li sed scaled-upversions of the systems previously seen at l FREM ER Palavas 
station. Advantage was laken of a reliable supply of underground water at 1 re which meant 
!hat it was possible to keep the temperature in the tanks relative ly constant (17 -23°C) all year 
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round. The farm had been created under an EU demonstration project to bridge the gap 
between experimental two tanne units and the !arget fuUy commercial 300 tanne units. 

The oyster hatchery had been constructed in association with oyster on-growing in the adjacent 
lagoon. The local authority, through CEPRALMAR had been instrumental in creating structures 
and facilitating negotiations between competing interests which lead to the establishment of 
30 small oysterbusiness on a blockofconcessions in the lagoon, with harbour, processing and 
retail facilities a lang the more sheltered channel which joined the lagoon with the apen sea. 
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The ICES Working Gro up on Environmentallnteractions ofMariculturewill meet in Montpellier, 
France from 15-20 March 1999, commencing at 0930 hours on 15 March. 

1. Opening of the Meeting. 

2. Adoption of the Agenda. 

3. Arrangements for the Preparation of the Report. 

4. Receive Reports on: 

National Production Trends. 
Significant National and International Meetings. 
Significant New Research Results and Directions . 

5. Develop a Programme ofWork Related to the Objectives ofthe Mariculture Committee, 
the Marine Habitat Committee. ACFM and ACME. 

6. Develop a Plan to Obtain Information on the Effects ofMariculture Activities in the Baltic 
Sea. 

7. Update the Section in the 1998 Report on ICZM. 

8. Develop a Plan for the Completion of the CRR on Chemicals in Mariculture. 

9. To Review the Current State of Development of Predictive 20 and 30 Mathematical 
Models of Fish Farming which lntegrate Environmental Physics, Husbandry Practice and 
Environmental lnteractions. 

1 O. To Update the State of the Art on General Environmentallssues Re lating to Mariculture 
(eg U se of Chemicals, Husbandry lmprovements, Modelling, etc). 

11. To Oefine and Evaluate lntegrated Farming Systems in Coastal Habitats. 

12. To Ass ess l nformation on the Fate ofCysts ofToxicAigae in Erosional and Depositional 
Sedimentary Environments. 

13. Any Other Business. 

13.1 Recent literature on the sustainability of mariculture. 
13.2 Plans for ICES Symposium in Canada. 

14. Consideration and Approval of Recommendations, l ncluding Proposals for a Further 
Meeting. 

15. Closure of the Meeting. 
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Name 

Dave Wildish 

Address, etc 

Fisheries and Oceans Biological Station 
St Andrews, NB EOG 2XO 
Canada 

Tel: +1 506 529 8854 
Fax: +1 506 529 5862 
e-mail: wildishd@mar.dfo-mpo.gc.ca 

····························-----·-················ -----··············· ······-························ ····-····························-- ----------·····-···-····------------················· 
Maurice Heral IFREMER 

La Rochelle station 
France 

Tel: +33 5 465 9440 
Fax: 
e-mail: mheral@irfremer.fr 

....................................... ····--·-·················- ..... ················ ·······································- ······························································· 
Anders Alanara Department of Aquaculture 

Swedish University of Agricultural Sciences 
SE- 90183 
Umea, Sweden 

Tel: +46 90 786 7677 
Fax: +46 90 123 729 
e-mail: anders.alanårå@vabr.slu.se 

----·--···--···-··········· ··-············ ···························· ....................................................................................................................... . 
Bill Silvert 

Thomas Landry 

Arne Ervik 

Department of Fisheries and Oceans 
Bedford Institute of Oceanography 
PO Box 1006 
Dartmouth., NS B2Y 4A2 
Canada 

Tel: +1 902 426 1577 
Fax: +1 902 426 6695 
e-mail: silvert@iname .com 

Science Branch 
Gulf Fisheries Centre 
PO Box CP 
5030 Moncton NB E 1 C 986 
Canada 

Tel: +1 506 851 6219 
Fax: +1 506 851 2079 
e-mail: landryt@mar.dfo-mpo.gc.ca 

Institute of Marine Research 
Box 1870 Nordnes 
N-5024 Bergen 
Norway 

Tel: +47 55 23 83 00 
Fax: +47 55 23 84 85 
e-mail: arne.ervik@imr.no 

................................................................................................................................................................................................ 
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Name 

Jan Aure 

Marie Jose Bardiot 

Antoine Dosdat 

Terry Mcmahon 

Address, etc 

Institute of Marine Research 
Box 1870 Nordnes 
N-5024 Bergen 
Norway 

Tel: +47 55 23 83 00 
Fax: +47 55 23 84 85 
e-mail: jan.aure@imr.no 

Station Experimentale d'Aquaculture 
IFREMER 
34250 Palavas les Flots 
France 

Tel: +33 4 67 50 41 00 
Fax: +33 4 67 68 28 85 
e-mail: mbardiot@ifremer.fr 

Station Experimentale d'Aquaculture 
IFREMER 
34250 Palavas les Flots 
France 

Tel: +33 4 67 50 41 00 
Fax: +33 4 67 68 28 85 
e-mail: adosdat@ifremer.fr 

The Marine lnsitute 
Fisheries Research Centre 
Abbotstown 
Dublin 15 
lreland 

TeL +3531 8210111 
Fax: +353 1 8205078 
e-mail: tmcmahon@frc.ie 

························ .. . .................. ····················· ··-----·········· ····························· ························· 
fan Davies 

Harald Rosenthal 
(by Correspondence) 
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FRS Marine Laboratory 
PO Box 101 
Victoria Road 
Aberdeen, UK 
AB11 9DB 

Tel: +44 1224 876544 
Fax: +44 1224 295511 
e-mail: daviesim@marlab.ac.uk 

lnstitut fur Meereskunde 
University Kiel 
Kiel 
Germany 

Tel: +49 431597 3916 
Fax: +49 431597 3917 
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Name 

Jean-Paul Troadec 
(Visiting Speaker) 

Menez Perroz 
29 880 Plouguemeau 
France 

Tel: +33 2 98 04 61 77 
Fax +33 2 98 04 72 80 

· Address, etc 

e-mail: jean-paul.troadec@wanadoo.fr 
···············································-- ··--·················· ....................................................................................................................... .. 
Beatrice Pary 
(Visiting Speaker) 

Claudine L' Hoste 
(Visiting Speaker) 

Jean-Paul Blancheton 
(Visiting Speaker) 

Marianne Janowicz 
(Vi sitar) 
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Centre d'Etudes et de Promotion des Activites Lagunaires et 
Maritimes 

20 Rue de la Republique 
34000 Montpellier 
France 

Tel: +33 4 67 22 81 73 
Fax: +33 4 67 92 83 04 
e-mail: pary@cr-languedocroussillon.fr 

Centre d'Etudes et de Promotion des Activites Lagunaires et 
Maritimes 

20 Rue de la Republique 
34000 Montpellier 
France 

Tel: +33 4 67 22 81 73 
Fax: +33 4 67 92 83 04 

Station Experimentale d'Aquaculture 
IFREMER 
34250 Palavas les Flots 
France 

Tel: +33 4 67 50 41 00 
Fax: +33 4 67 68 28 85 
e-m a il: jpblanch@ifremer.fr 

New Brunswick Dept of Fisheries and Aquaculture 
PO Box 6000 
Fredericton, NB 
E3B 5H1 
Canada 

Tel: +1 506 453 2253 
Fax: +1 506 453 5210 
e-mail: mariannej@gov.nb.ca 
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Canada (Atlantic) 

T Landry 

Production 

The Atlanticsalmon still dominates aquaculture production in Atlantic Canada despite the losses 
associated with ISA over the past two years. The preliminary information for 1998 is projecting 
a decrease in production of about 20% from the 20,000 mt produced in 1997. This problem has 
been addressed by extensive management strategies including destruction ofinfected stocks, 
site relocation, new husbandry practices and development and implementation of a vaccine 
program. Although this is clearly a disease situation, it has raised considerable discussion on 
the impactof aquaculture on the environment and the perceived link between the sal mon health 
and the environmental health. There is no scientific evidence of this link, although proposals 
have been prepared to investigate it. Meanwhile, the perception remains and is spreading to 
other aquaculture de bates. 

The 1997 production leve l for steelhead, in Atlantic Canada, is 946 mt with the bulk of the 
production coming from Nova Scotia and Newfoundland. This industry is on ly a decade old and 
is expected to continue its rapid growth. 
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Eastem Canada Shellfish Aquaculture Produclion 
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Mussel (Myti/us ed u lis) is the most important species for the shellfish aquaculture industry in 
Atlantic Canada and continues to growwith a 12% increase in production from 1996-1997. The 
growth for 1997-1998 is expected to increase aga in by 10%. Prince Edward Island accountsfor 
over70% of the 13,658 mt produced in Atlantic Canada and Canada in 1997. The growth ofthis 
industry and expansion into new areas, however, is not always well received by the coastal 
community. Concerns on over capacity and disease epidemics and their perceived link to 
environmental degradation due to aquaculture activities seems to be growing faster than the 
aquaculture industry itself. In Nova Scotia, for example, the establishment of a mus sel farm has 
been debated for over a year with little progress and considerable negative press attention. 

Oyster production in Atlantic Canada is mainly dominated by the American oysters ( Crassostrea 
virginica), although the production and interest in European oysters (Ostrea edulis) is still 
considered as a great potential for species diversification. The overall production levels have 
remained stable over the past five years between 4,000-5,000 mt, which represents about 50% 
of the total Canadian production Prince Edward Island and New Brunswick are the two biggest 
cyster producing provinces. European cyster production in Nova Scotia, accounts for 2% ofthe 
4,778 mt produced in 1997. 

The giant scallop is the only other species that contributes significantly to the shellfish 
aquaculture production in Atlantic Canada, with 109 mt produced in 1997. Nova Scotia and 
Newfoundland are the dominant provinces in scallop production in Atlantic Canada. 

Developmental work is continuing on soft shell clam, bar clam and quahaug aquaculture in 
New Brunswick and Prince Edward Island. 
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NSA. The Annual Meeting of the National ShellfisheriesAssociation will be held in Halifax, NS 
on 18-22 April1999. A special session on the modeling of shellfish ecosystems will be included 
in the program. 

ICSR. The Third International Conference on Shellfish Restoration is be ing plan ned for the fall 
of 1999 in lreland. This will be the first European location for this conference which features 
sessions on shellfish habitat assessment and restoration as well as habitat remediation through 
watershed management and poll uti on abatement. Final dates will be announced during the 
summer. 
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Aquatech '99. The 1999 meeting of Aquatech will be held in Fredericton, NB, 27-30 July 1999. 
ltwill be integrated with the larger BioAtlantec 1999 and bring together an international audience 
focussing on the development ofgenomics and pharmaceuticals for agriculture, aquaculture and 
forestry. 

ICES Symposium, Environmental Effects of Mariculture. St Andrews, NB, 13-16 September 
1999. 

AAC. Annual meeting of the Aquaculture Association of Canada will be held in Victoria, BC, 
26-29 October 1999. 

AAC2000. Ann u al Meeting of the Aquaculture Association of Canada will be held in Moncton, NB, 
28-31 May 2000. 

CZC2000. The Coastal Zone Canada meeting will take place in St John, NB, 17-22 September 
2000. The theme will be Coastal Stewardship: Lessons learned and paths ahead. 

Research and Publications 

COSAD. F H Page, S Robinson, T W Sephton. The Coastal Oceanography for Sustainable 
Aquaculture Development project is continuing in Atlantic Canada. The main objective ofthis 
two-three year project is to develop a foundation for ongoing investigations on the coastal 
circulation of nearshore bays and inlets and relate this to carrying and holding capacity for 
aquaculture activities, for both shellfish and finfish. The project will be completed in 2000. A 
similar project (NAl A environmental monitoring program) is be ing conducted in Newfoundland 
by C Couturier, J Parsons and T Clements. 

Sustainable Salmonid Aquaculture in Bay D'Espoire, Newfoundland. M Tlusty, C Diamond, 
M R Anderson, V Pepper. A systematic environmental monitoring program has been establish 
to evaluate the potential effects of sal mon aquaculture. The main objective ofthe program will 
be to assess changes in nutrient loading as a res ult of Salmonid farm ing in the Bay D'Espoire. 

Sea Lettuce. The objective ofthis project is to document changes in the abundance of the sea 
lettuce and determine the factors associated to a perceived increasing abundance. 

Quantitative Environmental Monitoring Methods. D Wildish and NBDFA. lntroduction of a 
monitoring method for the Bay of Fundy sal mon id culture industry. The geochemical measures 
proposed, Eh and sulphide levels, indicate the microbial status of sediments. 

Tunicate Fouling: Results of a world wide search. AANS. 1997. A mussel farm in Nova Scotia 
was devastated by the infestation of the tunicate C iona intestinalis. The entire 1997 crop was 
lost and the future of the farm was in jeopardy. This was the first reported case of the sort in 
Atlantic Canada. Si mi lar infestation problems with !his tunicate has been reported in other parts 
of the world, namely, South Africa, United States, lreland, Spain, Scotland. It appears thatthis 
problem can worsen with the expansion of the mussel industry. 

PEl Benthic Survey. KR Shaw. 1998. Evaluation and comparison ofbenthic characteristics 
from mussel culture siles, reference siles and non-culture (mussel) sites in Prince Edward 
Island. Results showed lower Eh and BEl values in references siles compared to culture siles 
and lower values in water con tent, organic matter content and total sulfides in culture-free sile 
compared to lease sites. The differences between culture-free and lease siles, however, are 
not directly attributed to mussel culture activities. 
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L'impacte de l'activite mytilicole sur la capacite de production du milieu lagunaire des lles-de-la
Madelaine. P Mayzaud, VG Koutitonsky, P Souchu, S Roy, N Navarro, E Gomez-Reyez. 1992. 
This study looked at the impact of musse! culture on a lagoon ecosystem to determine the 
carrying capacity for musse! culture. 
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Canada (Western) 

British Columbia Aquaculture Production 1995-1997 

Wholesale value Farmgate value Harves! 

($Million) ($Million) ('000 Tonnes) 

1997 1996 1995 1997 1996 1995 1997 1996 1995 

Sal mon 195.0 172.0 172.8 175.5 158.9 1704 40.5 27.6 27.3 

Rainbow traut 0.7 0.5 0.5 0.7 0.5 0.5 0.15 0.8 0.1 

Pacific oyster 6.2 8.3 7.7 4.9 6.3 5.4 4.7 5.4 5.3 

f:iams 5.4 5.3 4.9 4.5 4.5 3.9 1.0 1.0 0.9 

Scallops 0.7 1.0 0.3 0.6 0.9 0.2 0.09 0.14 0.02 

Total 208.0 187.1 186.2 186.2 171.1 180.4 46.5 34.9 33.6 

• All fig u res are estimates. 

Source: The 1997 British Columbia Seafood lndustry Year in Review. 

Otherspecies currently being cultured in limited orexperimental quantities include: Arctic char, 
sablefish, white sturgeon, geoduck clam, sea cucumbers and the green sea urchin. 

Links to data on Seafood, Marine Plants, Canned Salmon Pack Bulletin. 

Return to Aquaculture and Commercial Fisheries Home Page. 

· Return to BC Fisheries Home Page. 
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France 

A Dosdat, M Heral and C de La Pomelie 

1. Figures 

Production remains stable (production and turnover) compared to 1996 fig u res given in the 
previous report of WGEIM. These are summarised in the following tables: 

1997: Production (Metric Tons) by Ongrowing Farms, and Turnover (MF) 

Species Production l %97/96 Turn over %97/96 
Molluscs 

Cupped oyster 147,150 o 1,398 o 
Blue mussel 63,350 o 507 o 
Flat oyster 2,500 o 87 o 
Cockle 2,400 17 
Manilla clam 650 62 29 63 
Scallop 150 3 
Cultured pearl 6 850 
Total 213,806 2,891 

Fresh Water Fish 
Rainbow traut 45,000 -1 o 675 -9 
Fish in ponds 10,000 o 100 o 
Silurid 215 4 
Eel 180 o 11 8 
Sturgeon 150 5 
Sturgeon caviar 0.4 1 
Tilapia 80 3 
Total 55,625 ,_ 799 

Sea Water Fish 
Sea-bass 2,173 -4 113 -9 
Sea-bream 1,312 27 66 22 
Turbot 980 21 49 20 
Atlantic salmon 650 32 15 15 
Sea water traut 589 -57 13 -62 
Other fish 71 20 4 17 
Total 5,775 -5 260 -8 

Crustaceans 
Macrobrachium 69 o 8.3 o 
Tropical shrimp 1 '160 11 61 9 
Japanese shrimp 24 o 2.4 o 
Total 1,253 10 71.7 9 

Algae 
Undaria 54 o 0.2 o 
Asparagopsis 8 <0.1 
Total 62 0.2 
Overall Total 266 521 4 022 
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1997: Hatchery Production (Millions of Units), and Turnover (MF) 

Spe eies Num ber 

Cupped cyster (3 mm) 260 

Traut (2 g) 455 

Tropical shrimp (12 days PL) 182 

Manilla clam 43 

Other fresh water fish 62 

Sea-bass (2 g) 14 
~ 

Sea-bream (2 g) 16 

Flat cyster (3 mm) 10 

Macrobrachium 6 

Scallop (30 mm) 6 

Turbo! (5 g) 2.5 

2. Comments on Species 

For the cupped oyster production, 1998 has been characterised by a general decrease of 
growth rate on the Atlantic coast (20%) in relation to the cold spring and summer. Another 
consequence of the bad meteorological conditions was the lack of spat collection which 
traditionally occurs on the South West Atlantic coast. This has happened in on ly o ne of the last 
20 years. Advice has been issued by IFREMER and the administration to contra! illegal 
importation of spat from countries where diseases are declared, and the requirements from 
domestic hatcheries will probably increase in 1999. 

During summer time, in Thau lagoon, a distrophic event killed 2,500 tons of oysters and 
mussels. The Agriculture Ministry did not allow French producers to integrate innovative 
tetraploids strains in the field. Conversely, triploids are produced by private hatcheries (with the 
objective of a veiding summer maturation). Offshore projects in deepwater on the Atlantic coast 
failed because of opposition from local fishermen. 

Flat oyster selective breeding programmes are in progress at experimental leve! to produce 
strains resistant to parasites (Bonamia and Marte/lia). Mortality rates have been reduced by 
25%. Negotiations are in progress with private hatcheries to produce the se strains. 

Mussels suffered from unexpected predation by wild sea bream in long line offshore production, 
endangering the economic return from Mediterranean production. This is a good example of 
interaction between mariculture and fishery. 

For turbot, sea bass and sea bream, private hatcheries decided to implement breeding 
programmes with the a id of public research bod i es. First results indicates a geneticgain of 1 O% 
per generation for growth rate. Sexual dimorphism in size appeared important in sea bass, 
amounting 40% in favour of females. Projects on sea bass viral encephalopathy have been 
launched to pro pose vaccination procedure and improved diagnostics. These nodaviruses have 
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been found on halibut, turbo!, sea bream. New land based farming system have been designed 
to treat wastes, either by lagooning using phytoplancton and bivalves (Atlantic coast) or by 
recycling using recirculating systems (Mediterranean coast, Channel). French production is 
expected to increase in forthcoming years by a factor 2 in the Mediterranean region. 

For salmonids, attempts to produced Atlantic sal mon in Cherbourg Bay faced the so called 
"summer syndrom" !hat had consequences on mortality and growth rates. Brown troutfarming 
still develops in Western Brittany. 

For red drum in French West lndies, a development plan has been proposed in 1997. First 
farms begin new to operate, the objective of which is to export on European markets. 

3. Others 

French government decided to undertake the zoning of the coastal area in order to determine 
its potential foraquaculture (both shellfish and fish). This study, contracted with l FREM ER, will 
be pursued by a development scheme to enable aquaculture to develop in French marine 
waters. The major problem re Iies on the capacity to dis pose of hydrodynamics mod el in every 
location. · 

Administration has to face new importation of foreign species. Sounded regulation is lacking in 
the French law on this to pi c, ICES recommendations being not incorporated yet. 
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Finland 

Ta ble 1: Active fish farms 

Baltic Sea Fresh water Total 

nr nr nr 

Total' 2071 463 1 6701 

Fish farms ed i ble fish 200 87 287 

Fish farms fingerlings 19 115 134 

Natura! rearing pond farmers - 322 322 

'Because some farms have more !han o ne production type the numbers are not to be sum med 

Ta ble 2: Production facilities of the active fish farms 

Baltic Sea Fresh water Total 

Net cages 1,000 m' 1,275 372' 1,647 

Earthen ponds 1 ,000 m2 21 799 820 

Tanks 1,000 m2 3 72 75 

Natura! rearinq ponds ha - 8,261 8,261 

'including enclosures 
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Table 3: Production (1 ,000 kg) ungutted weight and the value of the production, (MEur). The 
VAT (17%) not included 

Production Baltic Sea Fresh water Total Value 
1,000 kg 1,000 kg 1,000 kg MEur 

Rainbow trout 12,965 3,350 16,315 36,66 

Whitefish 33 3 36 0,17 

Brown trout - 25 25 o 
Other species 1 9 41 50 0,17 

Total 13,007 3,419 16,426 37,00 

'for example, vendace and the char species 

Ta ble 4: Va lue of the rainbow tro ut fingerling production (MEur). The VAT (22%) not included 

11 Rainbow trout ls.ss MEur li 
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Table 5: Poikastoimitukset istutuksiin ja jatkoviljelyyn (1 ,000 kpl) seka kalamMråt 
(1 ,000 kpl ) vuoden lopussa (ei sisållå vastakuoriutuneita) 

Yngelleveranser ti li utplantering och fortsatt odling (1 ,000 st) och mångder i odlingar (1 ,000 st) 
i slutet av året (nyklåckta ingår ej) 

Species/group Deliveries for Del iveries for Amount of fish at 

and size class restocking ongrowing the fam at the end 
of the year 

Rainbow trout under 20 g 9 13,475 2,240 

20-200 g 4 4,633 7,767 

over 200 g 227 1 ,864 7,417 
··-----------·-······················ ······························ ······································ ························--····-------- ............................................ . 
Salmen under 20 g 1,512 694 3,943 

Landlocked 
sal mon 

Brown trout 

Fresh water 

20-200 g 2,647 109 2,668 

over 200 g O 18 

under 20 g 

20-200 g 

over 200 g 

under 50 g 

50-200 g 

53 

379 

117 

862 

749 

555 

121 

491 

640 

37 

3,317 

1,581 

over200g 418 30 474 
-------------························ ······························ ······························-······· ······································ ------ ····································· 
Brown tro ut under 50 g 448 249 2, 703 

Baltic Sea 50-200 g 1,549 80 1,351 

C har species 

Whitefish 

over 200 g 20 7 10 

under 50 g 

over 50 g 

under 20 g 

20-100 g 

over 100 g 

210 

78 

23,103 

146 

o 

26 

85 

24 

846 

270 

457 

165 

67 
··················- ................. ······························ ...................................................... ···················· ........................................... . 
Pike-perc' All sizes 9,843 3 36 
........................................................................................................................................................................................ 
Grayling' All sizes 1,666 83 201 

Pike 1 All sizes 928 
.................................... .............................. ......................... .. ..................................................................................... . 
Cyprinidae' All sizes 291 8 100 
............................................................................................................................................................................................ 
Signal crayfish All sizes 203 8 
............................................................................................................................................................................................ 
Crayfish All sizes 44 
............................................................................................................................................................................................ 
Others' All sizes 69 O 6 

'Usually one-summer-old fingerlings with a weight of under 1 Og 
'For example vendace and burbot 
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The names of regions used in Tables 6 and 7 

Uusimaa- Nyland 1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 

Varsinais-Suomi - Egentliga Finland 
Hame- Tavastland 
Kymi - Kymmene 
Etela-Savo - SOdra Savolax 
Pohjois-Karjala - Narra Karelen 
Pohjois-SAvo - Narra Savolax 
Keski-Suomi - Mellersta Finland 
Pohjanmaa - Osterbotten 
Kainuu - Kajanaland 
Lappi - Lappland 
Ahvenanmaa - Aland 

Table 6: Production (1 ,000 kg) by regions in 1997 (ungutted fish). 

Region 
Baltic Sea 
1,000 kg 

Uusimaa- Nyland 295 

Varsinais-Suomi - Egentliga 5,046 
Finland 

Hame - Tavastland -

Kymi - Kymmene 531 

Etela-Savo- Sodra Savolax -
Pohjois-Karjala - Narra -
Karelen 

Pohjois-Savo- Narra -
Savolax 

Keski-Suomi - Mellersta -

Finland 

Pohjanmaa - Osterbotten 1,333 

Kainuu - Kajanaland 219 

Lappi - Lappland -

Ahvenanmaa - Al and 5,582 
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Fresh water 
1,000 kg 

- . 

.. 

304 

189 

271 

319 

22 

1,442 

712 

-
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Tab le 7: Production of fingerlings for restocking and ongrowing (1 ,000) by regions (newly hatched not included) 

Keski-

Species/group and size dass 
Uusimaa ~ 

Nyland 

Pohjois~ 

Karjala ~ 
Narra 

~len 

Pohjois
Savo
Narra 

Suomi -1 Pohjanmaa -~ Kain u u - l Lappi ~ 
Mellersta Osterbotten Kajanaland Lappland 

Ahvenanmaa IYhteensa 
-Åland Total 

Rainbow traut under 20 g 3,696 1,697 1,374 734 2,568 623 70 2,643 79 13,484 
20-200g 59 67 213 197 2,150 706 280 86 36 43 4,637 

over200g 102 389 144 24 32 219 90 42 531 107 411 2091 lsa-lmoii-- ---r--liiiiiei'2ii'9---- ---- ---:-------- -- ---: -- - --- -- ------ -- --- ----------- ------- -------- --- ------------ ----'2'8'3' -- -------------- --- ------·:ia·a·------ ... 1':543 ... ---------- - ------- -----{2os"" 
20-200 g 101 135 314 1 ,080 837 2, 756 

over 200 g O o 
'Liiiiiiock-ed -r----liiiiiei'2ii'9_"_ ---- · ------·-- -------- - ---- -- -- - ----- --- -- 3--------- -- ---1-9 --- -- -------- ------·r·---- ------- ---- -- --- --6-------· --------------- ---- ----- - -------- -------53 ...... 
lsalmon 

20-200 g 48 211 66 22 379 

r:~~~~~t~~~t ::I~~:~~~~!{~:: :.::::: .::::: :); :::: : : :: ::: :: : 1 : ::: :::6:3. :::: :::::::::::·:: :::::t~1~: ::::::118:-- ::·: :::·::~8::"::: :.:.:19::.::::: ·:::::--::::::::::·::·: -->~ii.~_-_-_-_ 
Salmen and brown traut, Total 237 252 311 293 603 1,072 203 1,782 2,700 368 7,864 

~;~:h":;;~~-:- r--"~g_ta~6/' - 6 -- -- -- ;a - - -- ~;~ ---- --- ~-~~ "'-- ~8 - --~ar· -- '3\'"'" -----~~:--- ---~~~----- "" """""'"'" ""'iÅ~~r--
over200g - - 1 20 147 89 107 66 18 448 ffiiii'speCie·s---r--liiiiiei'sa·9 - ---: .. -- --:----- -- ------:ii- ----- - ----- -- ---- ----- ----- ----- -- ... ----- -- ------------- ----- ---------··---- ·--------r------ ..... i':i2 ... · ----------------------· ...... 2se ...... 

~li;iefisfi · ------ t· J:J~;5la~9-- · · .... 2:6 --· · · --2~·3·-- -Z681' ---- "444 -- "493 · .. · .. 5o5 ·· - 'lis · -- z:iis3·-- ..... 4'19 ----· -- ·f~-14-- - 1ii~~si.i" --------·-------------· ·--2l.~~i--
2D-1 DOg 30 20 95 1 146 

over100g O O 

~~~~:rrt;:~ · "J:::::~;F:" ::., 1
:::

1
:,. .?~l-~_: 1;r._ " .W- ... J~L -: .,_:3~~: ·::~.~~~--: :::~'t.t _::::.Jr::::: :::J~r::::: ::::~;:a:::::::::::::::::::::::::::: ::::n~;:::: 

Pike All sizes 144 198 165 41 25 149 33 173 928 
!"'"'""""""""'" ------------------------- ------------ ---- ----- ----- ----- _., ----- --------- ----------------· ------------------· --------------· --------------· --------------- --------------------· '""""""""" """" __ _, ___ '""""""""""" """"""""' 
Cyprinidae All sizes 8 109 17 14 130 10 11 299 

rs;~t~~~,~~':~:: _:::::t.::}:~;~_ .. -: _:::.3_7-:_ -.,K ·::. :::: y ·_ ::"s;. :::: -: .. _-1 ___ " : .. -::: .... :·:· .. :::::.::::::: _::::::7::::::: :.::·::::.::::::::·:: ::::::.:::::·:::::: ::::::::::::::: ::::::::::::::::::::::: ::::::w::::: 
lothers All sizes O 15 54 69 

'·· '~' 



Germany 

ICES Working Group on "Environmentallnteractions of Mariculture, 1999" 

Harald Rosenthal 

Aquaculture in marine and brackish waters remains to be a very small activity in Germany. The 
few specialised farms along the coast of Schleswig-Holstein continue to produce at the same 
level. While the cage farm sile in the inner Kiel Bight consistently produces 20-30 tonnes of 
rainbow traut, the turbo! hatchery continues at previous production levels with juveniles of turbo! 
while also picking up on the production of sea bass. Several sturgeon specimens (white sturgeon 
and other species), are maintained for scientific stud i es a !the BOlk turbo! hatchery near Kiel as 
well as at the brackish water station near Rostock (Mecklenburg-Vorpommern). A few small
scale tro ut farms operate along the Baltic Coast of Mecklenburg-Vorpommern. 

Restocking ofthe so-called "Ostsee-Schnapel" (Coregonus oxirhynchus) along the backwaters 
of Mecklenburg-Vorpommern has continued in 1998. 

Musse! farming is mainly performed along the coast of Lower Saxony and Schleswig-Holstein, 
partly on leases located nearby or within the Wadden Sea Marine Protected Area. Ta ble 1 
summarises the production figures over the past three years. The production varies greatly 
within years, depending on patfall success. It is anticipated, !hat total production will recover 
because of reasonable spatfalllast year. A small fishery on Spisula solida existed in 1996 on 
leases temporarily given to a few fishers. 

Table 1: Mytifus edu/is production on musse! plots in the German Wadden Sea during the 
period 1996-1998 

Myti/us edufis production Spisula solida production 

Year 
Tonnes Va lue Tonnes Va lue 

(wet weight) (Mio DM) (wet weight) (Mio DM) 

1996 32874 14.4 

1997 16569 16.1 

1998 15582 7.8 

Additionally, a small oyster farm, employing rack or thresthle culture, continues to produce 
50 tonn es for a specialised market of the Pacific oyster ( Crassostrea gigas). Se ed oysters are 
regularly received from a certified hatchery in lreland. This however, has not prevented !hat seed 
oysters acted as vectors for the transmission of other invertebrate species which have be come 
established along the coast of the German Wadden Sea. 
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lreland 

T McMahon 

The available statistics for the main species produced in lreland in 1995 and 1997 are given in 
Table 1 below. With the exception of O. edulis, for which there was a small decrease in 
production tonnage, the re were significant increases in the production tonnage of the other main 
species. It is expected that the trend of increased production will continue for at l east the next 
three-five years. 

Table 1: Aquaculture Production (Metric Tonnes) in lreland 1995 and 1997 

Species 1995 1997 % change 

Atlantic salmon 11,811 15,411 30.5 

Sea reared rainbow traut 698 

Fresh water rainbow traut 1 '101 

Rope mussels (M. edulis) 5,501 6,776 23.2 

Bottom mussels (M. edulis) 5,501 10,208 85.5 

Oysters (C. gigas) 2,539 3,819 +50.4 

Oysters (0. edulis) 397 360 -9.3 

Clams (T. semidecussala) 103 304 195 

New Legislation 

Aquaculture operations, both on land and in the marine area, are now governed by the Fisheries 
(Amendment) Act, 1997. The Act obliges a ny person wishing to eng age in aquaculture activities 
in lreland to be licensed; unlicensed operations could entail a fine of up to f:100,000 and/or 
imprisonment for up to two years. 

Under the Act two types of licences are defined: 

Aquaculture licence: This is a licence to engage fully in a clearly defined type of aquaculture 
for a specified period of time which ordinarily cannot exceed 20 years; the duration of the 
Licence will be determined by reference to the nature and production cycle of the aquaculture 
in question and the business plan of the applicant. 

Triallicence: This is a licence to engage in aquaculture in an investigative or experimental 
manner. The period ofvalidity of a triallicence will depend on the nature and merit ofthe specific 
projects proposed but cannot exceed one year in the case of salmon farm ing or three years in 
a ny other case. 

An Environmentallmpact Statement (EIS) must accompany all applications for Aquaculture 
Licences in respect of sea water salmonid breeding installations. An EIS may als o be required 
in other ca ses if the proposed aquaculture operation is likely to have significant effects on the 
environment. 
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The Fisheries (Amendment) Act 1997 requires public advertisement of alllicence applications 
in order to gi ve interested parties and the public gene rally the opportunityto commenton those 
applications and to have those comments du ly considered before a licensing decision is made. 
A decision by the licensing authority to grant an Aquaculture Licence will have effect o ne month 
after the decision is published unless, in the meantime, an appeal is duly lodged against the 
decision. Any person aggrieved by a decision made by the licensing authority under the 
Fisheries (Amendment) Act 1997 in relation to an applicatibn for an Aquaculture Licence may 
appeal the decision to the Aquaculture Licences Appeals Board. An appeal must be made within 
one month after the date of publication of the decision. The appeal procedures do not cover 
applications for Tri al Licences. 

Aquaculture in Relation to Coastal Zone Management 

In December 1998 a new initiative called the Coordinated Local Aquaculture Management 
Systems (CLAMS) was established. The CLAMS programme, which is coordinated jointly by 
the Marine Institute and Bo ard lascaigh Mhara (Irish Sea Fisheries Board) is designed not to try 
to solve or take responsibility for all issues bul to high light issues that the relevant bod i es 
(Government and private) need to deal with. The various aspects thatwill be involved in CLAMS 
include: 

• lntegration ofthe various sectors, such as intensive and extensive aquaculture, as well 
as sections of the inshore fishing fleet. 
Accurate and up-to-date base line data which will incorporate accurate maps and 
positions of aquaculture operations, production data, fishing areas, and other activities 
impacting on and being impacted by aquaculture. Much of this is already being 
addressed by BIM (The Irish Sea Fisheries Board) via its existing GIS/production 
database. 

• Commercial development plans. 
• Godes of practice. 
• Carrying capacity. 
• Single ba y management plans for salmon farms 

Sea Lice Monitoring 

The con tro l of sea lice remains an important issue in lreland and an extensive sealice monitoring 
programme, carried out by the Marine Institute, is in place. All salmon farms are monitored 
14 times per year with two inspections/month during the critical months of March, April and May. 
During each inspection two cages of fish are sampled; a standard cage which is sampled at 
each inspection and another cage selected at rand om at each inspection. A sample of 30 fish 
are tak en from each cage, the fish anaesthetised and all mobile lice removed and preserved in 
alcohol. Alllice remaining in the anaesthetic after the sample is processed are retained. Alllice 
are identified and development stages determined. 

The introduction of single generation sites and minimum fallowing periods and single bay 
management has resulted in an overall reduction of lice loadings on farms. 

Fish Counters 

The Marine Institute has a comprehensive programme ofinstallation, operation and maintenance 
offish counters on the main sal mon rivers in lreland. Tab le 2 belowgives details ofthe location, 
counter type and current status the programme at each of the locations. The programme is 
ongoing. 
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Table 2: Summary ta ble of the current progress ofthe installation and opera ti on offish counters 
in lreland 

Location Counter type Status 

Ballynachinch Logie Under construction 

Ballysodare Under construction 

Boy ne Logie Under construction 

Gas la Logie Operational 

Corrib Logie Under construction 

Dee Under construction 

Deele Under construction 

Eaney Logie Under construction 

Fea le Logie Operational 

Erriff Logie Operational 

Eske Under construction 

Fermoyle Logie Opera ti o nal 

Garavogue VAKI Under construction 

Gowla VAK l Operational 

lnvermore VAK l Operational 

Island Bridge Logie Operational 

Kerry Blackwater Logie Operational 

Leixlip Logie Operational 

Mo y HTI Operational 

Slaney Logie + VAKI Operational 

Suir Under construction 

Waterville Logie Operational 

Research Programmes 

The Marine Institute has been appointed as the agency responsible forimplementing the Marine 
Research Measure of lreland's Operational Programme for Fisheries 1994-1999. 

The Operational Programme for Fisheries is part-financed by the European Union's European 
Regional Development Fund (ERDF) and its objectives are to maintain and strengthen the 
contribution of the fisheries sector to the national economy to support economic development 
and long term employmentcreation in coastal communities. In particular, the Marine Research 
Measure is directed at deficiencies in the infrastructure and capacity required to improve marine 
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RTD (research and technology development) and to develop public-private sector RTD 
partnerships. Projects relevant to the aquaculture industry, funded underthis programme in 
1997/98 include: 

A Socio-Economic Evaluation ofthe lmpact of Fisheries and Aquaculture in Counties 
Donegal, Galway, Kerry and Cork 

Project partners: Tralee Regional Technical College and Aqua-Fact International Services, 
Galway. 

This project will identify the nature and extent to which coastal communities in the north-west, 
west and south-west of lreland re ly on fisheries and aquaculture in order to survive. ltwill profile 
the likely impact of different fishery policy measures on the viability and quality of coastal/rural 
communities and regional development in the se marginal areas. The studywill be driven by the 
fishing industry, with the emphasis on generating a realistic model of the socio-economic status 
of the coastal communities, with research expertise provided by Tralee Regional Technical 
College and Aqua-Fact International Services Ltd. 

Environmental Management of Mulroy Bay in Relation to Aquaculture Production 

Project partners: C-Mar, The Queen's University of Belfast; Mulroy Bay Aquaculture Producers; 
and Martin Ryan Marine Science Institute, Galway. 

Mulroy Bay is a ful ly marine inlet on the North coast of lreland and supports an extensive 
aquaculture industry, predominantly ai med at sal mon, musse l and scallop production. The bay 
is als o the major si te for scallop seed collection in lreland and, as such, is unique. Concern now 
exists among producers within the bay thatexpansion cannot continue without a structured plan 
for sustainable use. The overall objective of the project is to establish an environmental 
monitoring programme within the bay !hat can be maintained and managed by those working 
in the area. 

A Remote Sensor to Measure Food Loss From Sal mon Farm Cages 

Project partners: Sea Sense Ltd, Galway and Aqua-Fact International Services, Galway. 

This project seeks to develop a technology, which will assist in the management offeeding in 
sal mon farms to optimise economic returns and en sure the minimum possible fall out ofwaste 
food in to the environment. The project is a joint ven ture between two SMEs in the west oflreland 
supported by a fish farm operator. The study is led by an acoustic technology specialist in 
association withan environmental management company and a fish farm- Muir Geal Teo. The 
product, if successfully developed, has the capacity to offer economic benefits to the fish 
farmers and environmental management benefits to the regulatory agencies. 

Development of a Submersible Finfish Rearing Cage System for lnshore and Offshore 
Use Using Floating Hose Technology 

Project partners: Bonnar Engineering, Co Don egal; Centre for Natura! Resources, Tralee 
Regional Technical College; and Ferim Farraige Oilean Chliara Teo. Mayo. 

Ire land has developed a leading position in the area of larming sal mon offshore in high se as 
cages. In this project, a Donegal company in association with the Regional Technical College 
in Tralee and a fish larming company in Mayo will considerthe development of a new type of off 
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shore floating cage, ca pa ble ofsubmersion, belowthe main area ofwave activity. The approach 
offers a number of benefits including; a reduction in susceptibility to wave damage and a 
reduction of the visual impact of cages as most of the structure will be below water level. 

Marine Biotoxins 

In lreland the monitoring programme for the detection of Diarrhetic Shellfish Poisoning (DSP) 
toxins is now carried out on a weekly basis throughout the year. The number of closures of 
shellfish production areas, due to the presence of DSP toxins at a level unsafe for human 
consumption, was very low in 1996, 1997 and 1998. A significant feature, however, was the 
detection of a previously unknown toxin, azaspiracid, in mussels from two production areas, 
Killary Harbour and Arranmore Island, on the West Coast. The toxin, which causes severe 
gastrointestinal illness in consumers, persisted in the shellfish for up to eight months and the 
production areas were closed for this period. The source of the toxin is as yet unknown. 

Effects of Salmen Farming on Water Quality 

Kilkieran Bay, on the west coast of lreland supports 121icensed sal mon farm operators with a 
combined annua l production of approximately 4,000 tennes. The Marine Institute commissioned 
AquaFact International Services Ltd to collate the available data on inorganic nutrient 
concentrations in the bay and to statistically exa mine the data to determine if there were a ny 
significant trends that could be related to sal mon farm ing activities. Data were available from 
surveys carried out in the bay prior to the establishment of any sal mon farms as well as from 

:~ monitoring programmes carried out at the sal mon farm locations. The report, "An assessment 
of water quality data from Ki/kieran Bay, Co Galway," which will be published later this year, 
concluded thatthere was no statistically significant increase in nutrient concentrations in the ba y 
as a result of sal mon farm ing activities. 
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Norway 

Arne Ervik, Jan Aure, Anders Stigebrandt and Johan Glette 

lntroduction 

The report gives a short presentation of Norwegian aquaculture and its regulations. It is mainly 
based on "Statistics from the activities in the field of aquaculture", Directorate of Fisheries, 1998. 
In addition it addresses the environmental aspects of the aquaculture industry. 

Statistics 

Licences, approval of fish farm siles, slauqhter and processinq plants. 

The Norwegian aquaculture is concentrated along the coastform Rogaland to Finnmark (Fig. 1 ). 

Figure 1: The main aquaculture counties of Norway. 
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All aquaculture activity requires a licences issued by the Directorate ofFisheries (Table 1 ). Most 
grow out licences are issued form Rogaland to Troms, with the greatest numbers in Hordaland 
and Nordland. 

Table 1: The number of licences for salmon and rainbow trout in Norway per 
31 December 1997, and the num ber of licences for other species 

Licences for salmen and traut per 31 December 1997 
Various licences 

Grow-out farms, juvenile fish and brood stock 

Country Juvenile Grow out Brood stock R&D Others Shellfish 

Licence 
Cap 

Licence 
Vol 

Licence 
Vol Licence Vol 

Num ber Number 
1 mill 1,000 m' 1,000 m' 1,000 m3 

Finnmark 3 2.30 46 503,40 1 8,00 2 12,01 18 4 

Troms 23 9,51 66 788,00 1 12,00 2 10,04 25 5 

Nordland 33 20,38 129 1.579,00 2 24,00 7 29,00 64 42 

N -Trøndelag 18 8,91 56 661,50 1 3,00 3 19,00 8 23 

S -Trøndelag 26 10,98 76 924,60 2 24,00 2 0,50 19 33 

M & Romsdal 48 21,34 95 1.142,00 7 34,00 4 15,00 44 26 

Sogn & Fj 33 14,33 73 865,00 2 15,00 2 4,00 28 29 

Hordaland 75 30,72 136 1.688,30 6 41,00 8 47,50 76 40 

Rogaland 25 11,03 51 567,30 3 13,05 3 9,00 36 22 

f/est-Agder 5 0,75 12 144,00 o 0,00 o 0,00 7 1 

/Iust-Agder 1 0,30 4 25,00 o 0,00 o 0,00 3 5 

rrelemark 5 1,06 4 6,00 o 0,00 o 0,00 3 o 

Buskerud 5 0.20 6 12,94 o 0,00 o 0,00 o 2 

~kershus o 0,00 1 0,10 o 0,00 1 0,30 o 1 

Oslo o 0,00 o 0,00 o 0,00 2 0,55 o 2 

Vestlold o 0,00 o 0,00 o 0,00 o 0,00 o 2 

Østlold o 0.00 o 0.00 o 0,00 o 0,00 o 5 

Hedmark 13 0,39 33 55.39 2 0,00 o 0,00 6 1 

Oppland 3 0,62 32 17,86 2 0,00 o 0.00 o o 

Total1997 316 132,80 820 8.980,39 29 174,05 36 146,89 337 243 

Total1996 330 132,79 817 8.806,29 37 172.40 32 139,89 340 220 

Change -4,2% 0,01% 0,37% 1,98% -21,6% 0,96% 12,5% 5,0% -0,88% 10,45% 

The aquaculture is dominated by Atlantic sal mon and rainbow trout, but licences are issued for 
other species as well (Table 2). These licences have a small production or are used for 
experimental purposes. 
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Table 2: Licences for the cultivation of other species !han salmon and traut in 1996 and 1997. 
Please notice !hat marine and flatfish are combined licences 

1996 1997 Changes 

C od 152 122 -20% 

Halibut 48 68 42% 

Marine 66 68 3% 

C har 46 43 -7% 

Eel 19 24 26% 

Turbo! 2 3 50% 

Saithe 2 3 50% 

Wrasse 1 2 100% 

Flatfish 1 1 0% 

Greyling 1 1 0% 

Mackerel 1 1 0% 

Catlish o 1 

Perch 1 o -100% 

Total 340 337 l -1% 

The fish farms must be minimum 1, 000 m apart to pre vent transfer of disease, and each licence 
should have at !east three separate siles. In areas with many licences this may difficult to 
achieve. The siles are u sed by rotation to separate the year classes offish for hygienic reasons, 
and to reduce the risk of over loading. The lee for an application for a aquaculture site is 
8,000 NOK. New application forms !hat requestsite specific information required to access the 
environmental impact of the fish farm ( depth profiles and water current in different strata) are 
now being introduced. 

The number of approved siles for sal mon and traut are high, especially in the counties Nordland 
and Sør-Trøndelag where potential siles are abundant (Ta ble 3). In other counties like Hordaland 
the re is a deficiency of siles. The high numberofsites in same counties is partly because each 
site in cooperative location is counted as one sile. The actual number of siles in operation for 
grow out of sal mon and trout is about 1,850 (Directorate of Fisheries). 
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Table 3: Approved sites for aquaculture activity in the different counties 

County Salmen and trout' Other species Shellfish 

Finnmark 150 19 4 

Troms 291 30 5 

Nordland 894 91 52 

Nord-Trøndelag 376 15 23 

Sør-Trøndelag 530 18 34 

Møre og Romsdal 363 48 36 

Sogn og Fjordane 267 31 65 

Hordaland 399 82 83 

Rogaland 139 39 36 

Vest-Agder 22 7 1 

Aust-Agder 5 3 7 

Telemark 2 2 o 
Buskerud 1 o 4 

Akershus 2 o 1 

Oslo o o 1 

Vestfold o o 1 

Østfold o o 5 

Hedmark o 4 1 

Total 3,441 389 359 

'Locations in sea and brackish water only. 

Each license on a cooperative locations is counted as one location. 

According to the guidelines given by the Directorate of Fisheries slaughter and packing plants 
must be approved as a mean of securing a high hygienicstandard ofthe industry and the quality 
of the product. These regulations also include plants for further processing of the fish. 
Registering is also acquired to be allowed to export cultured fish. Ta ble 4 gives an overview of 
approved slaughter and packing plants and registered exporters. 
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Table 4: Approved slaughter and packing plants and registered exporters in Norwegian 
aquaculture industry 

County 
Slaughter- and 

Plant in work 
Registered 

packing plants exporters' 

Finnmark 8 8 10 

Troms 22 22 12 

Nordland 29 29 21 

N-Trøndelag 13 10 5 

S-Trøndelag 22 15 16 

Møre og Romsdal 32 21 51 

Sogn og Fjordane 17 15 9 

Hordaland 30 22 34 

Rogaland 12 6 12 

Agder 7 3 6 

Others 8 22 

Total 200 151 198 

'Source: Norwegian seafood export council 

Production 

The production of salmen is regulated by feed quota. The quota for 1998 was 650 tennes dry 
feed per licence, for 1999 the quota is set to 680 tennes. The reason for this regulation is an 
agreement with EU to reg u late the export of sal mon. Rainbow traut is not included in this 
regulation, and the production ofthis species is regulated by a maximum volume.of 12,000 m3 

of net pen per licence and a maximum density of 25 kgm·' of fish in this volume. 

Table 5 presents the statistics for the production of sal mon and rainbow tro ut in the period 1993 
to 1997, and in the different counties in 1997. The production and sale of juveniles is shown 
Table 6. The main production takes place along the western and northern coastform Hordaland 
to Nordland (Fig. 1 ). This part of the coast is little infiuenced by pollution or euthrophication. In 
1998 the production of sal mon and rainbow tro ut was respectively 345,595 and 41 ,267 tonn es 
round weight. The va lue of this production was 7,925 and 836 million NOK. 
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Table 5: Production and sale of salmen and traut in Norwegian culture 1993-1997 

Weight thousand metric ton round weight. Value million NOK. Average price with sale NOK 

Salmon Traut Changes (weight) 
County 

Weight Va lue Price Weight Value Price Salmen Traut 

Finnmark 9,13 182,00 19,93 

Troms 21.69 457,65 21 '10 0,01 0,15 14,82 

Nordland 62,06 1.289,88 20.79 0,10 1,95 20,07 

Nord-Trøndelag 26,07 518,20 19,88 0,51 9,48 18,71 

Sør-Trøndelag 40,29 815,51 20,24 4,91 95,01 19,36 

Møre og Romsdal 45,57 913,82 20,05 12,17 233,57 19,19 

Sogn og Fjordane 34,67 671,26 19,36 5,82 107,42 18,46 

Hordaland 66.54 1.333,13 20,03 8,07 147,50 18,27 

Rogaland 20,13 411,15 20,42 1,66 30,45 18,39 

Agder/Østlandet 5,24 117,65 22,47 0,25 4,47 18,23 

Total1997 331,37 
) 

6.710.25 20,25 33,49 629,99 18,81 11,4% 45,8% 

Total1996 297,56 5.916,01 19,88 22,97 479,60 20,88 13,8% 56,2% 

Total1995 261.52 6.109.66 23,36 14,70 362,51 24,65 27,9% 0,9% 

Total1994 204,47 5.638,99 27,58 14,57 343,78 23,59 25,0% 62,5% 

Total1993 163,58 4.516,45 27,61 8,97 216,09 24,10 
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Table 6:Production and sale of juvenile sal mon and traut in 1995-1997, and at county level in 
1997 

Quantities mill numbers. Value mill NOK 

Salmon Traut 

County o year old 1 year old 2 year old All ages 

Quantity Va lue Ouantity Value Quantity Va lue Quantity 
. 

Va lue 

Finnmark 0,27 1,88 0,98 8,10 1 '14 9,15 

Troms 0,16 1 ,41 6,30 51' 11 0,89 8,18 

Nordland 6,35 42,84 13,94 111,60 0,34 3,18 

Nord-Trøndelag 2,76 21,37 5,43 37,39 2,90 25.31 0,04 0,23 

Sør-Trøndelag 1,42 7,82 7,37 55,31 0,56 7,20 1,69 11,62 

Møre og Romsdal 1,87 13,39 11,65 98,51 1,21 11 ,D9 3,51 25,79 

Sogn og Fjordane 0,90 5,84 8,23 67,62 1,06 10,40 1,35 10,17 

Hordaland 6,13 48,34 18,50 171,05 0,72 7,05 3,76 19,83 

Rogaland 1,76 12,39 4,88 33,52 0,89 5,22 1,00 6,73. 

Agder/Østlandet 0,58 4,87 1 '17 13,54 0,05 0,10 

Total1997 22,21 160,14 78,44 647,76 9,71 86,78 11.41 74.48 

Total1996 18,01 139,94 68,77 653,51 11,73 120,69 12,14 85,85 

Total 1995 18,97 168,44 72,19 811,88 6,28 82,34 10,63 82,29 

Million 1995 1996 1997 

Sal mon 97.44 98,51 110,36 

Change 1,10% 12,03% 

Traut 10,63 12,14 11 ,41 

Chanqe 14.25% -6.08% 

Other Species 

Compared to sal mon and rainbow traut the production of cod, arctic char and halibut is small 
and have been relatively stable for the lastyears (Table7). The cod is produced from both wild 
caught and produced fry, while the production ofchar and the halibut are completely.based on 
produced fry. The slow increase in the production of halibut from is caused by the nodavirus 
(VER) which set back the production offry. In 1998 ane produced about 250tonnes ofhalibut, 
in 1999 the production is expected to be above 600 tonnes. 
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Ta ble 7: Production of cod, arctic char, halibut and other species in the different Norwegian 
counties and in the period 1994-1997 

Quantities metric tons 

County C od Char Halibut Other Species1 

Finnmark 63 

Troms 144 73 

Nordland 11 217 

Nord-Trøndelag 6 10 

Sør-Trøndelag 14 

Møre og Romsdal 21 114 55 

Sogn og Fjordane 16 1 

Hordaland 30 1 3 26 

Rogaland 8 2 3 

Agder/Østlandet 4 45 54 

Total 1997 307 344 113 157 

Total 1996 198 200 138 299 

Total 1995 289 289 134 310 

Total1994 561 241 63 224 

'Other species are turbo!, mackerel, eel and wrasse 

Productivity 

The productivity of the aquaculture industry have increased significantly, which is also refiected 
in the cost of production (Fig. 2, Ta ble 8). The most important factors are improved fish feed 
and feeding routines, use of artificial light, production of smolt all the year, reduced decease 
losses, improved breeding programmes and environmental conditions. All this have reduced 
the time of production in the sea from 22 months in 1987 to 13 months in 1995. This increased 
turn over accounts for a substantial part of the reduced cost of production. 
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Figure 2: Gast of production in Norwegian aquaculture in the period 1987 to 1997. 

Table 8: The elements of the east of production in Norwegian aquaculture in 1996 and 1997. 
Source: Examination of profitability of grow out !arms. Directorate of Fisheries 1997 

Gast of production 

Gosts, NOK per kg 1996 1997 

Smolt 3,00 2,64 

Feed 8,60 8,94 

lnsurance 0,35 0,23 

Wages 1,66 1,58 

Other working costs 2,72 2,51 

lnterest 0,88 0,73 

Gast of production 17,21 16,63 

Gompensation -0,07 -0,12 

Loss on claim -0,01 0,03 

Gale wages to owner 0,01 0,01 

Gale lnterest on own capital 0,43 0,34 

Gale Discount 0,57 0,58 
(mixed prize) 

Slaughtering and packing 1,97 2,19 

Transport 0,18 0,18 

Total east pr kg 20,29 19,84 
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Environmentallmpact 

Environmental quality objectives 

The environmental quality objectives (EQO) sel in 1993 have been audited and new on es have 
been formulated for the period 1997-1999. The EQO covers obligations through international 
organisations like NASCO (1994) and The North Sea Declarations (1990 and 1995) as well as 
national objectives. The main are as of concern are escapees, transfer of decease, the u se of 
chemicals and medicine and organic load. 

Escapees 

Norway is considered a core area for Atlantic sal mon, and Norway has obliged herself to 
contribute to protection, rebuilding of the wild strains and a sustainable management of the 
species. Despite the effort to prevent fish from escaping, the number of reported escapees is 
still high, although the relative num ber of escapees seems to be decreasing (Fig. 3). 

Escapees 
thousand 

1.600 

1.200 

800 

400 

Escaped farmed salmonids 
1992 - 1997 

Production 
thousand tonnes 

T 400 

l 300 
T 
' 200 

100 

0+---~----~--~--~----+0 

1992 1993 1994 1995 1996 1997 

l o Escaped fa~-ed-fis-h- -- Production i 

Figure 3: Reported escaped framed salmonids in the period 1992 to 1997. The figure also 
shows the production of Norwegian aquaculture. 

As can be seen form Table 9, escapees contribute just 3% to the total losses, while diseases 
and losses of unknown reasons together contribute to 75%. 
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Table 9: Losses in Norwegian aquaculture in 1997 

Quantities: 1000; S = Salmon; T = Trout 

Mortalily Wound 
Unknown 

Diseases Escapees Maturity 1.mnd in Predator damage Defects Total waste 
sea water 

reasons 

County s T s T s T s T s T s T s T s T s T 

F 1 o 4 o o o 108 o 5 o 41 o o o 419 o 576 o 

T 161 o 115 o 7 o 319 o 71 o 67 o 17 o 826 4 1.583 4 

N 550 o 63 30 50 o 235 12 254 7 63 o 87 o 1.306 34 2.607 83 

Trø 1.053 11 92 78 48 3 268 4 96 26 54 o 66 o 1.700 159 3.377 281 

M&R 695 11 11 o 231 108 209 17 62 16 47 o 17 20 1.332 285 2.603 456 

S & Fj 299 o 23 32 137 15 65 11 38 5 44 o 58 1 793 167 1.456 231 

H 1.261 76 6 5 146 12 323 72 15 3 49 8 38 o 1.672 123 3.509 298 

R 270 o 93 o 57 9 206 8 40 4 10 8 3 o 304 82 983 110 

A 214 o 28 7 72 2 17 1 o o 8 o 3 o 294 5 636 15 

Total 4.503 98 434 152 748 149 1.748 125 581 60 382 16 287 22 8.645 858 17.329 1.47 

Total 4.601 586 897 1.873 641 398 309 9.503 18.807 

% 24% 3% 5% 10% 3% 2% 2% 51% 100% 

lnvestigations in the period 1989to 1996 showed a frequency of34 to 54% escapees in sal mon 
catches at the coast. The frequency has been significantly higher at the coastthan in the fjords, 
where the escapees contributed to 1 O to 21% of the catch. In the rivers 4-7% of the catch laken 
by anglers was escapees, while the frequency in the brood stock in the rivers was as high as 
21 to 38%. The short term objective to reduce the frequency of escapees in the brood stocks 
are thus not fulfilled. There seems to be a trend that the frequency of escapees are highest in 
areas with much fish farming, but the variation between the different areas are great. 

We have little information on the effect of escapees have on the wild strains of sal mon. The 
ICES "Working Group on the application ofgenetics in fisheries and aquaculture" concluded in 
1994 !hat escapees from aquaculture must be kept at a minimum or stop completely, until one 
have other means that can reduce the negative consequences escaped cultivated fish have on 
the wild populations of Atlantic sal mon. 

Disease 

The disease situation in Norwegian fish farm ing is at present good. The bacterial diseases is 
al most absent due to the u se ofeffective vaccines, vaccination strategies and hygienic means. 
The most serious disease problems are ca u sed by the l PN virus after sea transfer of Atlantic 
salmon and by infections with salmon lice. Vaccines against IPN exist, but they are less 
effective than the vaccines to bacterial diseases. To control the lice infections, wrasse together 
with use of chemicals seems to be the most used strategy (Table 10). 
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Ta ble 1 O: Sale of end o- and ecto-parasite drugs used in Norwegian aquaculture. Source NMD 

The numbers are given in kg active substance 

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 

Endo-/ectoparasitt drugs 
Metrifonat (Neguvon ®)' 3,300 2,408 2,144 1,946 1,779 1,227 281 138 o o 

Diklorvos (Nuvan ®) 3,488 3.416 3,588 3,115 2,470 1 '147 395 161 36 o 

Azametifos (Salmosan®) 389 738 606 315 182 

Cypermethrin (Excis®) 23 28 2,5 

Pyretrum (Py-Sal 25®) 32 26 9 18 o 

Hydrogenperoksid2 ca 710 290 340 160 20 O tanne 
tonnes tennes tennes tonnes tonnes 

aziquantel3 72 177 188 86 79 119 110 130 225 195 

FenbendazoP 104 60 56 10 2,2 1,5 o o 15 16 

Malakittgreent (oxalat) 26 39 114 69 56 63 47 35 36 23 

Diflubenzuron3 160 361 437 

Teflubenzuron3 610 1,51 o 1,334 

Deltamethrin {Alpha Max®) 18,5 

1 Neguvon powder is also u sed for the treatment of pig and chicken. The numbers include on ly 
2.5 kg packages used for aquaculture. 

2Hydrodenperoksid for treatment of sal mon lice was made reseptpliktig in 1993. O ne dealer of 
hydrogenperoksid did not report the sale for 1993, bul this sale is considered to make a mi nor 
contribution to the total sale. The numbers for the later years are complete. 

'The num ber include mainly sale of medicated feed from feed producers. 

NMD 11 February 1999 

Even though man y of the potential diseases are controlled by vaccination and other prophylactic 
treatment, cultured fish is a potential reservoir of pathogens (bacteria, virus and parasites) which 
may be transferred to wild fish slacks. Spreading of sal mon lice from farmed fish to wild fish 
is ane of the most serious problems connected to fish larming today. A national action plan is 
being made which includes objectives, action plans and research priorities. 

Due to low occurrence of bacterial diseases among farmed fish in Norway the last five years, 
the usage ofantibiotics in the industry has been low(Table 11). In 1987 the industry used about 
48 tonnes to control such diseases. In 1998 about680 kilos were used. In the same period the 
sal mon production increased from 60.000 tons to el ose to 400.000 tons. The improved disease 
situation has decreased the environmental problems caused by the usage of antibiotics in fish 
!arms. 
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Table 11: The sale ofantibacterial agents in Norwegian aquaculture in the period 1987to 1998. 
The numbers are given in active substance, and include medicine sold by medicine wholesalers 
and feed companies. The numbers are worked out by NMD in cooperation with Norges 
veterinærhøgskole, Seksjon for farmakologi og toksikologi. Source NMD 

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 

Florfenikol 56 14 64 64 123 135 

Flumequin 329 1.959 3.837 9.833 2,177 227 182 105 74 53 

Nifurazolidon 15,840 4,190 1,345 118 131 o 78 o o o o o 

Oxolinic a eid 3,700 9,390 12,630 27,659 11 ,400 7,687 2,554 811 2,800 841 507 436 

Oxytetracline- 27,130 18,220 5,014 6,257 5,751 4,113 583 341 70 27 42 55 
chloride 

Trimetoprim + 1,900 670 32 1,439 5,679 5,852 696 3 o' O' O' O' 
sulfadiazin 
(Tribrissen) 

Total 48,570 32,470 19,350 37,432 26,798 27,485 6,144 1,396 3,116 1,037 746 679 

'The last four years the re have been very little sale the via the feed producers. The sale of 
Tribrissen from medicine "gros ister" can not be distinguished with reg ard to use at farmed fish 
and other animals. 

No systematic mapping of diseases on the wild fish stocks in Norwegian waters has been 
carried out. Accordingly, no statistits on prevalence of diseases on wild fish populations is 
available. However, no and then separate cases of diseases have been reported. Among 
bacterial diseases the most common o ne seems to be vibriosis caused by various serotypes 
of Vibrio anguil/arum. This disease has been detected on coalfish and Atlantic cod caught in 
Norwegian waters. Little is known concerning vi ra l diseases on wild fish sto eks mainly due to 
lack of systematic studies. However, lnfectious Pancreatic Necrosis (IPN) virus has been 
detected on fish and shellfish. This virus is not species specific and can be transferred from o ne 
species to another. As it is detected on shellfish without causing a ny disease problems it is not 
unlikely the such organisms acts as vectors for transmission of the virus. Also, fungus 
infections have been reported on wild fish stocks in the Norwegian waters. The best known 
case is infections with /chtyophonus hoferi on herring caught in Norwegian fjords. Such 
infections may contribute to a decrease in the population of this species. lnfectlons with 
lchtyophonus hoferi may also be transmitted from one species to another and is reported on 
different flat fish species. 

Parasites, exoparasites as well as endoparasites, may cause problems on wild fish stocks. 
Various species oflice is reported on Atlantic cod and otherwhite fish species. The sal mon lice 
has been detected on wild Atlantic sal mon and on sea trout. Especially sea trout populations 
sea ms to be heavily infected and may be o ne reasons for the observed decrease in the 
populations of sea trout and sal mon in Norwegian waters. 
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Regulating Environmentallmpact 

The regulations of Norwegian aquaculture is under revision, and an important part ofthis work 
is to implement regulations that safeguard good environmental conditions inside and in the 
vicinity of the fish farms. A system to prevent overloading offish farm sites has therefore been 
developed, and is nowtaken into use. The system is called MOM, and consists of a monitoring 
programme, a set of environmental quality standards and a simulation model. One of the 
principles in MOM is thatthe extentofmonitoring is determined by the environmental impact, sa 
that the more severe the impact, the more intensive the monitoring. 

The u se ofMOM is shown at Figure 4. For new farms the environmental impact and an tentative 
monitoring is simulated. When the monitoring is carried out, final level of monitoring is 
determined. For sites in operation the leve l of monitoring is determined form the results of the 
monitoring. 

l PL.ANED FAAMS 

! 
. ' 
: FAR MS IN OPERA TJON 

! 
SIMUL.ATION -.!.:L 
MOOEL ~' 

MONITORING 
PR OG RAMME L 1 1....--::r----' 
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• .. 
'· '· 
'· '· 

Figure 4: The application of the MOM system. 

Modell ing 

The work to complete the simulation model has continued. Below is presented an abstract by 
Anders Stigebrandt of a p aper describing the mod ule for simulating the turnover of energy and 
matter by fish as an input to a model for simulating the water quality in fish farms. 

Abstract 

This pa per describes a model ofthe turnover of energy and matter due to metabolic processes 
in fish. The mod el conserves energy and matter, resolved in protein, fat and carbohydrates, and 
can be u sed for many purposes. Among other things, it can be used to find food compositions 
fulfilling different objectives, for instance, minimising the emission of plant nutrients or food 
costs. It happens that these two particular objectives may be combined since high protein 
content in the food (expensive) leads to large emissions of nitrogen and phosphorus and low 
protein retention by the fish. Here the main application of the model is to compute oxygen 
consumption and emissions ofvarious biologically active substances from a fish farm given the 
fish stock, food composition, feeding rate and temperature. Fish respiration and emissions of 
dissolved substances are fed into a water quality made l for net pen fish farms in natural water 
bodies. With known currentstatistics for the farm site, the minimum flush ing of the net pens can 
be estimated for different physical configurations of the farm. From this the maximal fish 
production with satisfactory concentrations ofoxygen and ammonia may be computed. The fiux 
of particulate organic matter (uneaten food and faeces) estimated by the fish model is fed into 
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another model computing the dispersion of negatively buoyant particles by currents and the 
loading ofthe sediment. That mod el (developed earlier) also computes the maximal allowable 
production with viable animals in the sediment beneaththe fish farm. 
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Scotland 

SOAEFD Annual Survey of Fish and Shellfish Farming for 1997 

Part 1: Shellfish 

J A Gauld, O Fraser and l M Davies 
FRS Marine La bora tory, PO Box 101, Victoria Road 

Torry, Aberdeen, AB11 908 

This report is ba sed on an annua l survey questionnaire of all registered Scottish shellfish farming 
companies. The cooperation of the shellfish farming industry is gratefully acknowledged. 

The surve y showed that 105 companies produced shellfish for sale for the ta ble and 19 for 
ongrowing. The remaining 102 companies remained in operation butforvarious reasons had 
no sales during 1997. The numberofactive companies decreased from 187 to 170 since 1996 
(from a peak of 229 in 1990). These companies consisted of 265 active sites, ofwhich 158 
produced shellfish, a 10% decrease from 1996. Most active siles and areas of greatest 
employment were focussed in the Strathclyde, Highland, Western Isles, Orkney and Shetland 
regions. 

Production 

The shellfish species cultivated in Scottish waters and for which production returns were 
received were: 

Common mussel 

Pacific cyster 

Flat cyster 

Sea l lo p 

Queen 

Oysters 

Mytilus edulis 

Crassostrea gigas 

Ostrea edulis 

Pecten maximus 

Chlamys opercularis 

Pacific oysters: 2.8 million oysters were produced for the ta ble, very similar to the 1996 figure. 
A further 1.2 million were produced foron-growing, a decrease of around 60% on the 1996 figure 
Most productive companies were sited in the Strathclyde and Highland Regions. 

Native oysters: On ly 11,000 native oysters were produced for the ta ble in 1997, compared to 
96,000 in 1996. 

Pectinids 

Scallops and queens: Production of scallops for the ta ble fell from 302,000 in 1996 to 223,000 
in 1997. The production of queen scallops was relatively constant at 1,207,000 in 1997 
compared to 1,271,000 in 1996. Most productive companies were sited in the Strathclyde and 
Highland Regions. 
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Musse Is 

Mussel production increased by about 12% during 1995, as 1 ,307tonnes were produced. No 
mussels were produced for ongrowing. Most productive companies were sited in the 
Strathclyde and High land Regions, and also in the Western Isles. The figures for mussels do 
not include dredge caught, market size animals from wild fisheries. 

Although prices fluctuated throughout the year, the va lue at first sale of the species cultivated 
can be estimated as follows: Pacific oysters varied between 12 and 25 pence per shell; native 
oysters 50 pence per shell; scallops and queens 50 and 5 pence per shell respectively; and 
mussels E750-f:1 ,200 per tanne. 

General Comments 

Marine biotoxin monitoring in Scotland continued during 1997. Exa mi nation of more than 1 ,700 
shellfish and phytoplankton samples from 40 siles revealed the presence of paralytic (PSP) and 
diarrhetic (OSP) shellfish poisons in all important shellfish growing areas. Voluntary Closure 
Agreements were agreed where appropriate, and Closure Orders under the Food and 
Environment Protection Act (1985) were imposed in Orkney. The effects were seasonal, from 
spring to early autumn. 

Classification of bivalve production areas under the Food Safety (Live Bivalve Molluscs and 
Other Shellfish) Regulations 1992 covered 163 areas, ofwhich on ly seven were classified as 

-~ C. There are currently 19 approved depuration systems. In an attemptto meet End Product 
Standards at all times, the re is an increased demand from buyers !hat all marketed stocks are 
depurated, including !hose classified as A (where purification is not essential). 

The steady growth in shellfish production over the last 11 years has tended to slow. The 
industry is still dominated by small producers, presumably representing the crofting 
communities, although production of all species is dominated by a few large producers. The 
num ber of companies and man power employed in the industry remain stable. It is predicted that 
the production of all species will increase steadily over the next few years. 

Part 2: Salmon 

This report is ba sed on an annua! surve y questionnaire of all regi ste red Scottish fish farm ing 
companies. The cooperation of the fish farm ing industry is gratefully acknowledged. Annua! 
return forms were sent to 65 companies covering 171 farms engaged in ova and smolt 
production, and 101 companies covering 340 active on-growing siles. Returns received were 
1 00% of these companies. 

The surve y showed that 98 companies produced fish for sale; the remaining three companies 
~· re mai ned in operation but for various reasons had no sal es during 1997. The num ber of active 

companies decreased from 106 to 98 since 1994. The se companies consisted of 340 active 
sites, of which 275 produced fish, a 1% decrease from 1996. Most active siles and areas of 
greatest employmentwere focused in the Strathclyde, Highland, Western Isles, and Shetland 
regions. 

The Scottish salmon industry increased its production by 19% in 1997, to 99,197 tonnes. Mean 
weights of grilse and pre-salmon were 3.3 kg and 3.8 kg. It appears that mark et requirements 
dictate the size at harves!. 
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The trend to increasingly harves! fish in the same year as smolt input (fish under one year old) 
halted in 1995 and in 1997 amounted to on ly O. 7% of the total harves!. Since 1992, mean fish 
weight has generally increased, which reflects the effectiveness ofvaccines, enhanced growth 
rates due to improved feeds and feeding methods (eg high protein diets, automatic feeding 
systems) and continuing improvements in husbandry practices, particularly !hose ai med at 
reducing stress in the fish (eg air lift mortalities removal, swim through at net changes). Other 
important factors have been the application ofmanagementschemes to avoid the introduction 
of infections, eg fallowing of siles, group agreements on single age group stocking over extended 
areas, stocking with smolts of common health status, and continuing efforts to control sea lice. 

The general pattern of improved survival of smolts to harves! from the minimum in 1989, when 
survival was at a minimum of 58% due largely to the bacterial disease furunculosis, seems to 
have ceased. Overall survival of the 1995 yearclass was 87.8% compared to 90.7% and 91.5% 
for the two preceding year classes. This decrease may be attributable to a number of factors, 
including disease, jellyfish, algal blooms, escapes, predation by seals, and poor husbandry. 

Sea water cages continue to be the on ly significant system of production. The num ber of tank 
siles rem ai ned sta tie and in 1997 contributed less !han 0.6% of production. The volume of sea 
cages increased from 8,433 to 10,587 million cubic metres. The trend towards the u se of cages 
of larger sizes continues. 

The numbers of smolts p ut to sea continues to increase, from 32.9 million in 1996 to 42.8 million 
in 1997. It is estimated thatthis should result in a increase ofproduction to over 115,000 tennes 
in 1998. Same 8.9 and 0.2 million were, respectively, S0.5 and S1.5 "out of season" smolts, 
each showing an increase over 1996. The num ber of siles producing more !han 500 tennes 
(71 siles) had aga in increased, and contributed 71% of the overall production. The average 
production density was 9.3 kg per cubic metre of cage net ca pa city, and was less !han the 1996 
va lue of 9.8 kg per cubic metre. This suggests !hat the industry had paid heed to SOAEFD 
warnings not to allow increased production at the expense of increased stocking density. 
Productivity per man at the !argest siles has attained 100 tennes, compared to 80 lon nes per 
man in 1996. The averages for the industry were 77 tennes and 60 tennes respectively. 

Ova production and eva laid down to hatch in 1997 increased by 63.8 million (50%) and 
7.4 million (1 O%) respectively. This should res ult in increased smoltproduction in 1998. Exports 
of salmen eva fell by 0.8 million (2%) and imports by 4.5 million (55%). Some 10 million 
additional smolts (30%) were p ut to sea in 1997 and !hese should contribute to higher production 
tonnages in 1998 and 1999. 

Part 3: Rainbow Tro ut 

The activity in the rainbow tro ut industry has been rather stable for several years. Production 
in 1997 amounted to 4,653 tennes, campa red to 4,630 tennes in 1996. This may indicate that 
current market demands are be ing met and that production will on ly increase if new market 
demands or outlets can be established. 
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Sweden 

Anders Alanara, Department of Aquaculture; Swedish University of 
Agricultural sciences, SE-901 83 Umeå, Sweden 

Production Trends 

The available statistics for the main species produced in Sweden in 1996 and 1997 are given 
in Table 1. The overall trend (for the last five years) is thatrainbow traut production decrease, 
Arctic charr increase, and other produced species remains relatively stable. 

About 75% of the rainbow trout production in 1997 occurred in fresh water, and the remaining 
25% in the sea. 

The num ber of companies producing fish for consumption in 1997 was 183, which can be 
compared with the figures for 1989, where 314 companies were active. 

Ta ble 1: Aquaculture production (metric tonnes) in Sweden 1996 and 1997 

Species 1996 1997 % change 

Rainbow tro ut 5778 4875 -156 . 

Eel 184 215 168 

Arctic charr 100 183 830 

Slue mussels 1821 1425 -217 

Cray fish 10 8 -200 

Trends in the lndustry 

A relatively small number (about 18) of larger fish farms (mean production of about 200 tonnes) 
clearly dominates the total production of rainbow tro ut in _Sweden. The general trend forthese 
companies is !hat they aim to increase the production to at least 400 tonnes per year in order 
to take advantage of large-scale benefits. However, in man y ca ses, such planes are bindered 
by local environmental concerns. 

Research Activities 

A three year lang research programme on the environmental effects offish farm ing started in 
1997. The aim of this project is to 1) establish the nutrient load from _Swedish fish-farming 
activities; 2) create new models forevaluation ofecological effects ofnutrientdischarge; and 3) 
create a toolbox for handling of environmenfal issues related to fish larming, ie handbook in 
Environmental Consequence Analysis, identification of water resources suitable forfish fanning, 
genetically hazards of escapees, the risk of disease transfer from farmed to wild fish, and a 
sectored view of the nutrient balance between fisheries and fish larming. 

International Meetings 

The 2nd COST 827 Workshop on "The behaviour of fish in culture" held in Umeå, Sweden 
18-20 of August 1998. The workshop attracted 93 people from 11 different countries. 
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Workshop on the theme "Man and coastal areas: impact of aquaculture" to be held in 
Kristineberg Marine Research Station, Fiskebackskil, Sweden 28-30 June 1999. The workshop 
is a joint activity between the Scandinavian countries and France. 
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Economic Site Assessment Through Modelling the Effects of 
Carbon Deposition to the Benthos From Large Scale Salmon 

Mariculture (DEPOMOD) 

Chris Cromey, Thom Nickell, Kenny Black 

Coastal lmpact Research Group, Dunstaffnage Marine Laboratory 
Centre for Coastal and Marine Sciences, Natura l Environment Research Council 

PO Box 3, Oban, Argyll, PA34 4AD 

lncreasingly regulators lind themselves seeking belter predictive capability for large fish farms 
and improved objectivity in the decision making process. This decision frequently adopts the 
precautionary approach implicit in environmental protection. Similarly, fish farmers need 
methods for assessing the suitability of new siles, or the potential for expansion at existing siles, 
so as to concentrate their efforts on siles which are likely to have good husbandry 
characteristics and minimise the costs offuture monitoring of impact on the sea bed. It would 
be of considerable value to both the industry and the regulator if there was same agreed tool 
available, based on objective science, which could be used by both sides to determine the 
optimum carrying capacity of a sile or proposed sile. 

Although models have been developed on fjordic ecosystem dynamics (Ross et al., 1993, 1994), 
the se are on a much broader sea le !han required forthis purpose and provide no information at 
high resolution. Gowen et al. (1989) described a simple mod el for predicting carbon deposition 
rates from marine fish farms ba sed on a current meter record and the production of a si te. This 
mod el, although a u se ful starting point, only provides limited information regarding the deposition 
of carbon and includes no ne of the physical and biological parameters which determine the fate 
of organic material once it has reached the sea bed, nor does it include fish hus band ry factors 
affecting variation of input over time. 

Ten years ago farms with biomass consents of 200 tonnes were considered large and it was 
on such siles that much ofthe basic science regarding impacts to the benthos was established 
(Hall and Hol by, 1986; Weston, 1986; Brown el al., 1987; Kaspar et al., 1988; Ritz et al., 1989). 
Applications be ing prepared at present typically re late to much larger operations where consents 
are being sought for biomasses in the range of 1,000 to 2,000 tonnes. These sites are aften 
located in highly dispersive areas exposed to strong tidal currents although there is still 
considerable demand for siles in more sheltered sea lochs. In !his project we are making 
detailed investigations on the hydrography and biological effects of two large sites, both in 
relatively exposed locations, and comparing the results with historie and other available data for 
the purposes of developing and validating a computer mod el of the dispersal of organic material 
and consequent effects on the benthic community. 

This project takes as a starting point the model (BenOss) developed by Dunstaffnage as a 
commission from SEPA, UK Water lndustry Research Ltd and the EA (Cromey et al., in press) 
for predicting benthic community response to varying the treatment level from long sea sewage 
outfalls. This model, which essentiallytracks parti eies oforganic solids in a current li eld, follows 
theirincorporation and degradation in sediments, and predicts indicators (indices) of community 
response, has been validated for long sea outfalls and is now in wide u se in the water industry. 

A number of modifications are be ing made to allow this mod el to be u sed at fish farms: the leve l 
of organic loading on the sediment is approximately two orders of magnitude greater around fish 
farms compared with long-sea sewage outfalls, consequently the biological communities 
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present are quite different; the gradients of organic input are extremely steep with very large 
changes occurring in relatively short distances making sampling station selection critical; fish 
food and faeces have quite different behaviours in sea water relative to sewage solids and are 
of different composition with unknown degradation rates; waste food pellets quickly break down 
into smaller particles of unknown size distribution which are then susceptible to resuspension 
at varying rates. In addition fish farm siles are generally more stra!ified than siles for sewage 
outfalls requiring a greater appreciation of vertical current shear and its effects on particle 
dispersion. Whereas sewage outfalls can be described in terms of mean flows and 
concentrations, the output from fish farms varies dramatically over the growing cycle requiring 
modell ing oftypical fish growth. Food wastage is generally believed to be at a lower leve l than 
in the past: Gowen et al. (1989) assumed a 20% loss; more recently (1992) this has been 
estimated at 12% from sediment !rap studies (Black, unpublished), however further study is 
required to accurately assess this important contribution. · 

Objectives 

The objective of the research is to produce a flexible, userfriendly computer mod el ofthe effects 
of carbon deposition from large scale mariculture on the benthos in dynamic coastal 
environments to assist assessment of applications for new, or increased, discharge consents. 
This mod el will be validated using existing and new field data. 

In order to meet this prima ry objective several secondary objectives must be achieved: 

• modification ofthe existing mod el to allow for variations in carbon input over the growing 
cycle; 

• model validation against benthic, hydrographic and husbandry data from several siles; 
• determination of degradation rates of fish food and faeces; 

improved estimation of the% food wasted; 
• estimation of the parti eie size distribution ofwaste food and faeces at various states of 

decay. 

Developments of the model have been validated againstthefield data gained during the detailed 
benthic surveys and from historie data provided by Marine Harves! McConnell, SEAS Ltd, and 
SEP A. The model is developed as a Windows 95 application entitled DEPOMOD. 

The model has been made "u ser friendly" allowing its use directly by fish farmers on the basis 
of a current meter record and sile specific parameters. The farmer will therefore have an 
inexpensive and rap id method for determining whether or not to proceed with an application and 
the level of biomass likely to be consented. Support for the industry will be in the form of a 
workshop planned for the end of the projectto which the industrywill be invited. The model will 
be made available to the fish farm industry in the form of an executable file and associated report 
and user manual. 

Using this mo del as an agreed tool for determining consents, and knowing thatthis is als o freely 
accessible to the industry, the regulator should have to deal with fewer applications as those 
likely to fail will not be submitted. The regulator will have an additional validated method for 
determining consents thus reducing disputes and may u se the data requirements ofthis mod el 
as a benchmark for the integration of regulatory requirements across all SEPA regions. 
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The Ecological Effects of Sea Lice Treatment Agents 

Dr K D Black 
NERC Centre for Coastal and Marine Sciences, Dunstaffnage Marine Laboratory 

PO Box 3, Oban, Argyll, PA34 4AD 

The toxic effects of all new sea lice treatments have been examined during the product licensihg 
and discharge consenting processes but !hese studies have been limited to a few sentinel 
species and there is currently little information on thewiderecological consequences of the use 
of !hese products. This project seeks to address the widely perceived research need in this 
area by conducting long term, bro ad sea le BA Cl (Be fore After Controllmpact) stud i es at a range 
oflow energy fish farm siles and encompassing all the currently available or present! y proposed 
sea lice treatment chemicals. The results of this research will answer commonly asked 
questions on the ecological significance of !hese chemicals under realistic treatment regimes 
with respect to macrofauna, zooplankton, meiofauna, benthic diatoms, phytoplankton and 
macroalgae. This proposal has been developed and costed on a three year basis but it is 
assumed !hat the study will require five years to deliver the results at a sufficiently high leve l of 
statistical certainty. The experimental design of the final two years of the five will be informed 
by the initial results and it may be possible within the first three years to discontinue study of 
!hose taxonomic groups which can be proven to show no response to particular treatment 
agents. 

1. There have been several published studies on the effects of sea lice treatment 
chemicals on sentinel taxa and on certain species assemblages (see for example refs 
2-27). While the pro poser is aware of many other such stud i es carried out on behalf of 
pharmaceutical companies for regulatory purposes which are "commercial in 
confidence", there have not yet been ecosystem based studies which would seek to 
determine the wider ecological relevance of these compounds. The reasons for this 
dearth of research are simple: experiments are difficult to design requiring a fundamental 
understand ing of the multi-variate statistics necessary to test for effect and of the man y 
possible sources of variance within the marine environment, they are necessarily 
expensive requiring a large number of experimental stations, reference stationsand siles 
and they require to be of sufficiently long duration to account fortemporal variance. Most 
importantly they requirethe cooperation and collaboration offish famners whose principle 
objective mus! be the health of the fish underculture. Als o, they require expertise levels 
not currently available within one institution. 

The results of the study proposed here, using the methodology briefly outlined below, will 
a id regulators in setting discharge li mils based on robust statistics, while identifying key 
taxonomic components which should betargeted forregulatory monitoring. In addition, 
the number and range of samples required will provide key information of the natura! 
functioning of sea loch systems, the natura! variability ofthe communities found therein 
and the response ofthese communities to stress from organic and chemical pollutants. 
This information will be u sed to furtherdevelop impact models (Ref29) which re late the 
input ofcontaminants to the spatia! and tempora! biological response. Such models are 
currently be ing tested for specific treatment chemicals by the proposer for SEP A. 

Scientific Objective(s) 

1. To determine the effects of each ofseveral sea lice treatment chemicals on macrofaunal 
assemblages. 
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2. To determine the effects of each of several sea lice treatment chemicals on zooplankton 
assemblages. 

3. To determine the effects of each of several sea lice treatmentchemicals on meiofaunal 
assemblages. 

4. To determine the effects of each of several sea lice treatment chemicals on benthic 
diatom assemblages. 

5. To detenmine the effects of each of several sea lice treatment chemicals on 
phytoplankton assemblages. 

6. To determine the effects of each of several sea lice treatment chemicals on macroalgal 
and littoral assemblages. 

7. To measure the concentrations of each of several sea lice treatment chemicals in the 
environment post-treatment. 

8. To determine the significant correlations between ecosystem responses, time, and 
therapeutant concentration to determine the proportion ofthe observed environmental 
variance attributable to the treatments against a background of responses due to other 
parameters such as waste organic materials and nutrients. 

9. To mod el the dispersion and or deposition of farm wastes including of each of several 
sea lice treatment chemicals in the marine environment post-treatment and to 
incorporate terms relating to the toxicity of !hese chemicals to certain parts of the 
ecosystem (eg the macrofauna). 

lnterdependence of Objective(s) 

Objectives 1 to 6 could be viewed as separate projects but, independently, the y are not capable 
of achieving the prima ry objective (8). In reality much oflhe fieldworkwhich will address !hese 
objectives will be undertaken simultaneously to maximise effciency. Objective 7 addresses the 
need to measure the primary contaminant as, without these data, significant correlations 
between the effects of a ny treatment and ecosystem response are likely to be made much more 
diffcult. Objective 9, which includes dispersion stud i es and a preliminary acoustic survey at 
each sile, is essential to inform effcient experimental design. All ofthe objectives are essential 
to the success of the project but it may be possible, especially in the third year of the project, to 
reduce effort in some areas and concentrate resources in others bul this will depend on an 
evaluation ofresults and is more likely to be a statistically justitia ble option in the 4 and 5th years. 

The main risk to the project Iies in the fact !hat the experimental siles are necessarily operating 
fish farms where the primary concern will be animal welfare and therefore the experiments 
cannot be planned well in advance with a ny gre at certainty. At the time ofwriting the study siles 
are unknown but are assumed to be within reasonable proximity of the coordinating institute 
(G Rae, pers comm.) and will therefore probably already be well known to the proposer in terms 
ofbackground biology and physics. The approach proposed will minimise the likely uncertainty 
in farm management by assuming the worst case scenario ie that the study siles have 
previously been u sed, have previously had sea lice treatment agents u sed at them (ie beyond 
Entry Level3) and that the farmers may wish to u se a variety of agents at each si te through the 
course of the study. Should siles at Entry Levels 1 or 2 be available then initial work will be 
modified to more closely determine patterns of natural variance prior to treatment. 
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Approaches and Research Plan 

Scientific Rationale 

The specification puts forward an outline strategy for the project together with a fairly detailed 
framework bas ed on the Ph ase 1 report commissioned previously. This application follows the 
framework closely, but for cogent and practical scientific reasons and because of economic 
constraints it does not propose that all the recommendations in the Phase1 report should be 
implemented immediately. Thus it develops a tiered strateg y based on an initial emphasis of 
assessing !hose elements of the marine ecosystem around each ofthe selected treatment siles 
deemed most likely to be vulnerable to the specific treatments being imposed. Not all the 
ecosystem elements suggested for study will be monitored intensively if, after an initial 
inspection survey of a chosen site, it appears !hat some elements are unlikely to be impacted. 
It is probable, for example, that sub-tidal hard substrates may be absent from the vicinity of 
some or all of the chosen areas. ltwill not be possible to decide definitively on priorities until the 
chosen sites are assessed in a preliminary survey ph ase at the start ofthe project. 

Certain scientific pre-judgements as to the probable elements to be emphasised can be made 
however. It is suggested that the most sensitive elements to contamination from bath 
treatments will be zooplanktonic organisms. These will include members of the permanent 
zooplankton, which will be monitored directly, and benthic larvae and post-larvae. These latter 
will be monitored by the quantitative assessment ofrecruitmentto settlement panels suspended 
at appropriate points along transects through the contaminantdispersion plume and placed in 
the littoral zone a cross areas of plume impingement. These settlement panels will be used 
simultaneously to assess effects on benthic diatoms. The most vulnerable fauna to 
contaminants from in-feed treatments are thought to be the adult infaunal macro- and 
meiobenthos and epifaunal predatory decapod crustaceans. Thus quantitative surveys ofthese 
elements will als o be prioritized during the initial part of p hase two of the project. Assessment 
ofimpacts on the macroflora and microfiora will be based, at least initially, on qualitative surveys 
of both quadrats and settlement plates. These proposed priorities will be reassessed on 
completion of the pre- and post-treatment surveys in the first year of the project. 
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The regulation of access 
to natura) resources in marine aquaculture 

Jean-Paul Troadec 
Menez Perroz, 29 880- Plouguerneau (Frawe) 

Abstract. Fishing, aquaculture and pollution ili~strate the ro le of institutions in cco
nomic development and conscrvalion of natural renewable re.sources. Institutions 
that were developed for rcgulating ncccss to marine living and environmental re~ 
sourccs whcn those were not globally binding have becomc inadequate for sustain
ing the expansion of new farm ing systems in areas where compctition for enviro Il
ment and spacc is significant. as well as for adjusting fully-devcloped farming sys
tems that are bound by the natura! capacity of environment. Despite the historie 
change in the Ocean regime, in a num ber of national legis!Jtions, the le&al staiUs or 
li ving and environmental resources docs not adequatcly reflcct their economic state 
characterized by commercial exploitation and scarcity. Comparison of [arming sys
tems indicates tho.t stock owncrship is more criticalthan technological innovation 
for the expansion of new systems. Institutions that. have to be adj u sted for rationa 1-
izing mature systems indude property systems of natura l resources, mechanisms for 
allocating use rights, and the resourcc management structurcs. Adjustmcnt rcquire
ments differ with the nature of use systems and their stage of Jcvclopment but, in all 
cases, ecosystem nuidity and stock mobility impose particular constraints to adjust
ments. Articulation of institutionat and ecological structures. and of mechanisms 
used .for allocating use rights and human inputs in commercial nctiv--itics. is an es
sential requisite. 

l. llltroduction 

In uses of the environment, institutions are the 'ru/es that as sign comro/ of resources 
- through rights and duties -to individual persons or associations of persons' [l]. So far, in 
aquaculture R&D programs, this topic has received less attention than the biological, tec h
nological or economic dimensions of this activity. Still, agricultural history [2], farming 
systems analysis [3, 4, 5], economics of institutions [6, l], or studies on institutions for en
vironment conservation [7], all emphasize the ro le of institutions in economic development 
and natura! resource conservation. Considering the lesser developrnent of property regimes 
in the ocean, one would expect that controls on access to natura! resources play a critical 
role in the development and rationalization of marine farming systems. 

The existence of clear links between technological intensification, economic and so
cial organization of primary producers' groups, and land tenure systems is a constant in the 
history of agriculture. If technological intensification reduces the role of natura! resources 
in production, the extension and diversification of technical controls that characterize the 
process leads to a specialization and segmentation of work which, with the capita! and .labor 
intensification that comes along the same process, contribute to the individualization and 
fonnalization of property systems. Trends towards the allotment and appropriation of land 
to secure producers' investments and harvests can be observed both in space and time [2]. 
In space, land appropriation relates to the degree of land artificialization: from the owjleld 
(marshes, forests and natura! pastures) and fallows, used collectively for productions 
(fishing, hun ting, gathering and grazing) which do not involve technology nor capita! inputs 
and, consequently, no artificial enhancement of natura! productivity, to the cultivated in
field (artificial meadows, fields cultivated between two fallows or permanently, gardens). 

1999 WGE/M Report A6- i 



Through time, the formalization (occupation, possession, property) and segmentation (elan, 
lineage, family, individuals) of land tenure took place as major farming systems (slash and 
burn, light and heavy plough farming systems, modern agriculture ba~ed on ~echanization, 
mineral fertilizing, genetic selection and specialization) succeeded In the lustory of agri
culture. 

Economics of institutions generalizes these observations to make the development of 
property systems the foundation of economic gmwth: ' ... innovarion, economies of surle, 
education, capita/ accumulation, ... are not c auses of growth, ... Growth v.:i/1 simply not 
occur un/ess the economic organization is ejjicienr. lndividuals must be lured to undertake 
the sociallv desirable activities. Same mechonisms must be det•ised to bring social and pri
vate rotes -of rewm in to c/oser parity ... A discrepancy between private and social benejits 
or costs means that same third party or parti es, without their consent, will receive same of 
the benefits, or incw same of the costs. Such a ciljference occurs whene,·er properry rights 
are poor/y dejined, or are 1101 enj(Jrced' [8]. 

lnvestigations on the formation of property systems are less advanced in marine aq
uaculture. Like! y, this is related to the lesser development of technological intensification in 
the ocean. Still, scattered works show that the processes taking place in the sea and on land 
are similar, but with differences related to the greater complexity of domestication and in
stitutional adjustment in aquatic environments [9, for a world review; lO, for aquaculture in 
sub-Saharan Africa]. 

As long as marine Jiving resources and environment were not globally binding [li, 
12], access to these resources remained largely open and free, except within a thin stripe 
along the shore. In the 70s and 80s, the extension of national jurisdictions gave coastal 
states the authority to adjust exploitation rates to the productivity of natura! resources. Ini
tially, revisions of nationallegislations focused on the contra! of foreign activities - fishing 
fleets in particular- for which the property of natura! resources has been clarified. The revi
sion of institutions is much less advanced with respect to the regulation of domestic activi
ties, but the number of countries that are addressing the issue is increasing steadily. 

Sa far, investigations on access regulation in marine primary activities have focused 
on three situations: 

• apen access: Hardin's parable' on the tragedy of the commons has been criticized 
for ignoring the social controls that pre-merchant societies were able to exert col
lectively on the natura! resources within the territories they occupied or possessed, 
and for the subsequent confusion between communal property and open access; 
still, the current state of fisheries characterized by overcapacities, overfishing and 
conflicts shows that Hardin's diagnosis applies also to public property regimes 
where mechanisms of use rights allocation have not been adj u sted to the new con
ditions of commercial exploitation of natura! resources; 

• communal property: social scientists see in the formal recognition of communal 
systems an option for promoting the development of rural communities that have 
been deprived from their use privileges by the establishment of public or plivate 
property regimes [14, 15, 15]; customary systems of communal property can also 
prov ide useful references for the design of regulatory schemes for the exploitation 
of resources which, owing to their geographic extension, cannot be rationalized by 
individual approaches, or may require new forms of international cooperation 
(transboundary resources) [17, 18]. 

• private use: economists analyze the advantages and the application conditions of 
systems of private use rights for the commercial exploitation of common resources 
(fisheries and environment). 

Comparatively, the effects of technological intensification on the formation of prop
erty systems in the ocean have received less attention. In addition to a new examination of 

l 
- Under open access, 'eaclt man is lm.·ked info a system t/rat compels /rim to increase his herd withow limit. 
in a world that is limit ed. Ruin is the destination IOH'ard which af/men rush, each pursuing his mvn best 
inrerest in a society tl!at believes in tlu freedom ojcommo11s. Fradom of l he commvns hrings min to all' 
[ 13]. 
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development theories, this approach of the issue can improve o ur understand~ng of the ex
pansion conditions of new aquaculture systems, as well as for the rattonaltzauon of mature 
systems - i.e. those whose expansion is bound by the resources. 

The first part of this paper reviews the institutional constraints that c om pel the deve 1-
opment of new farming systems. This review identifies links between the proper!~ of.culti
vated stocks and technological intensification. The second part ex ammes the condtttans for 
balancing mature farm ing systems with the capacity of cultivated ecosystems. lnstitutional 
adjustments that would facilitate the rationalization of farming systems are presented. 

2- Technological intensification and cultivated stock ownership 

2.1 - Access to sites 

The taking off of new fanning systems is frequently constrained by the competition 
for sites with activities fonnerly established in coastal zones. The development of tradi
tional systems, such as shellfish culture, took place initially in areas which were lightly 
occupied. Similarly, the development of new systems is concentrated in regions where 
space is not binding (e.g. Norway, Scotland, Chile, ... for sal mon farn1ing; Greece, ... for 
sea bass and sea bream farming; shrimp culture in mangrove areas in cteveloping countries, 
... ). 

Occupiers of densely-occupied areas (coastal dwellers, tourists; land farmers, com
mercial and sport fishennen, ... ) oppose frequently to the settlement of new famning opera
tions. To limit conflicts, administrations tend sometimes to oppose environment conserva
tion considerations to requests for farm settlement, giving prcference to uses that benefit 
from an anteriolity in space occupation. Nationallegislations limit the density and distribu
tion of farms, .and the amounts of offalls by individual farms, but, when assessments of 
environment assimilation capacities are outstanding or not accUI·ate enough, such limita
tions are necessarily arbitrary. The command made (administrative norms and decisions) 
that is commonly used for allocating leases may weight differently the conservation re
quirements for new farming systems and for long-established activities, ev en though the 
former are using marginally the natura! capacity of water bodies and the later are signifi
cantly exceeding it. This weakness of the command mode is doomcd to become more acute 
as uses of the coastal environment intensify and diversify. 

2.2- Techno/ogical intensijlcation 

Limits of natura! productivity can be outsttipped by extending technical controls over 
new physiological functions of cultivated stocks and water bodies. The domestication proc
ess develops by discrete steps. From fishing to fully-controlleci systems. there is a full range 
of production systems which can be regrouped schematically in to six sets: 

• fishing of wild stocks; 

• attraction and forage enhancement in o pen waters:· in the simplest and less produc
tive forms, man mod.ifies the disuibution and enltances the production of stocks by 
providing artificial shelters, by cutting migration routes, and by enhancing food 
production through simple practices (artificial reefs, Mediterranean valliculture, 
acadjas in Benin, ... ); 

• extensive systems: in more sophisticated and product.ive forms, man acts on the 
reproductive strategies of stocks (u·ansplantation of wild juveniles, seeding of at1i
ficially-reared fingerlings in ranching, spat collection in shellfish and seaweed 
cultures); interventions on population strategies does not necessarily require the 
con tro! of reproduction; 

• semi-intensive systems in which production of f01·age is stimulated by fertilizing 
the rearing environment, as in fishculture in poncls, lagoons and !akes; 
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• intensive systems in which stocks are artificially fed, as in fish culture in cages, 
raceways and ponds; 

• fully-control!ed s~stems it~ which the offalls are re~ycled:_ rearing of African cat
ftsh (Clarias ganepuws) tn the Netherlands, and U!apta m heated water m Bel
gium; fishculture in ponds in which water is recyc!ed. 

No statistics are available on the production by major farming systems. In the aq
uaculture statistics published by FAO, the production of simplest extensiv~ systems in 
which cultivated stocks are harvested collectively, generally together wtth wtld stocks, ts 
not distinguished from the catches of fisheries '. However, except for the later_, the ~elative 
importance of major farm ing systems can be roughly infetTed from the relauonshtps that 
exist between species groups and farming systems (tab!. 1). Three farmmg sets dommate 
the world aquaculture production: 

• advanced extensive.systems of sedcntary spccies (mainly marine shellfish and 
seaweeds; set I), with an overall output approaching half of the total aquaculture 
production; 

• semi-intensive systems: culture of carps, cyprinids, tilapias, ... , mainly in fresh
water ponds (sel Il), with an overall production c lose to 40% of the total; 

• intensive systems: culture of marine and diadrom finfishes ai1d shrimps in cages, 
raceways and ponds (sel 1!1), whose production does not reach l 0% of the total 
world aquaculture production. 

Tal)le 1: World fishery and aquaculture production in 1996 (in millions tonncs and percenlages) [19): aq
uaculture production is split in lhree large spee i es and environment groups corresponding approx i
mately to the fhree major farm ing scts: adv~nced exlensive marine systems of scdentary species 
(sel l), semi-intensive freshwater systems (setll). intensive marine and brackish systems (setlll). 

-
Fisheries Farm ing systems (+ aquatic ranching) 

l - Seaweeds and shellfish Il- Freshwalcr finfishes (carps. Ill - Marine and diadrom 
cyprinids. tilapias .... ) tinfishes and crustaceans 

90,0 (73%) 16,0 (13%) 14.4 (12%) 3.4 (3%) 

Even though technological intensification reduces the contribution of natura! re
sources to production, it does not eliminate the dependence of farming systems upon envi
ronment. This would be possible on ly with fully-controllcd systems, but those are still in an 
infant stage and their contribution to world production is insignificant. In fisheries, it is the 
tertiary productivity- i.e. that of fish populations- that is binding. In aquaculture systems, 
cultivated stocks are no more limiting. Thanks to artificial reproduction and appropriation, 
they represent a capita!, similar to other production means, and not to the natura! resource. 
The natura!, limiting, factor is the environment. ln advanced cxtensive systems. it is the 
planktonic and benthic production used as foragc by stocks which, above a certain leve!, 
limits yields. In these systems, the release of offalls in the environment is low; but the 
seeding with strains selected for farming pmposes or with non-indigenous species rna y alter 
the gene pool of wild populations and reduce biodiversity. In intensive systems, it is the 
offalls (non-consumed feed, feces, antibiotics, medicines, chemicals, ... ), as well as the 

For the pUIJlOSC of collecting stalistics. FAO uses the following definition of aquacuhure: 'Aquaculrure is 
l he fm·nrjng of aquatic vrganisms, including fis It. mvlluscs. crusraceans and aquatie plwus. F arming i m
plies some form of intervelllion in the rearing process to enhance production, such as reg u/ar srocking, 
feeding, pr01ection from predators. etc. Forming also imp/ies indi\·idual or corporate ownership of the 
S1J1J:];._ being cultivated. For Stalisfico/ purposes, aqrrmic orRa11isms wllich are ltatTeslc~d hy an indil.-idual m· 
a corporate body wltich has OH·'IIed rllemlhrougltout rheir rC'arin,q perivd co!ftriblll<' to a(/uw:u/twr, white 
aquatic vrganisms which (Ire explvitable by the ;mhlir as a COII/111011 f11"0J1l!rty reso11rce, witll or ll"ilhout a,,_ 
propriale /icenses, are the harw:st vfflslteries' [ 19]. This dcfinition illu:)tratcs the incidencc or proper! y re
gimes on the characlerizatiou of aquaculturc. 
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losses of cultivated animals , that have to be adjusted to the .assimilation capacit~ of eco
systems. lf technological intensification increases product1vtty (by unit area), It IS at the 
cost of higher st:resses on the environment. 

2.3- Fmming systems and pmperty ofs!Ocks 

Habitat modifications for fish aggregation and growth enhanccment 
In the simplest extensive systems (artificial reefs, acadjas, valli~ulture), i.n which. man 

modifies the disttibution of fish concentrations and enhances producuon to a ltmtted extent 
by simple interventions on habitats, stocks are free in medium and large water bodies (sea 
and lagoons). In traditional systems, exclusion of outsiders is achieved by customary sys
tems of space occupation and harves ting privileges, hold by nparian fis her commumt1es. In 
a num ber of Mediterranean countries (Egypt, !tal y, Tunisia, ... ). the development of val
liculture has been facilitated by the fonnalization of tenure schemes (collective, individual, 
or state property) of coastallagoons. 

Transplantation of juveniles 
Transplantations of young plaices from coastal nurse1ies in southern North Sea where 

growth is limited by the high dens i ty of fish concentrations, to fjorcjs ahd offshore a.reas 
where fish density is low, have proved the system effectiveness [20]. Though certain pro
duction scenarios are economically efficient, programs, lwwever, never led to significant 
commercial productions. Constraints are mainly institutio11al. In Den111ark, the property of 
transplanted stocks is claimed by both the coastal fishcrmen in the North Sea where juve
nile fishes are caught, and by the fishermen in the Lim(iord where fishes are released. None 
of them contribute to the transplantation costs. Only sport fishcnnen pay a small fee. Under 
these circumstances, no private contribution has ever taken over public fund ing to increase 
the stock substantially. The later remains largely accessible to commercial and spor:_ fish
ermen. 

Shellfish cultme 
The taking off of shellfish culture has been facilitated by three features of shellfish 

ecology: (i) filter feeding on the highly productive lower levels of the food chain in rich 
coastal areas, which permits high stock concentration and production: (ii) tolerance to cli
matic variations; and (iii) sedentariness which facilitates stock retention and appropriation. 
However, these ecological assets have been reaped by two institutional innovations: 

• stock ownership, which was fonnalized through the al!otment of private leases on 
the public dornain; the legal control of stocks and harvests gave farmers .the guar
antecs that thcy necd for investing in famling; 

• the direct involvernent of the public sector in the conse1vation of cultivated eco
systems, as well as in the con tro l of the sanitary state of stocks and the quality of 
products for human health protection. 

Sea ranching 
Recent theories of reproducti ve strategies of fisb populations [21, 22 j. the range of 

natura! fluctuations of wild populations, and the biomasses. reached in advanced extensive 
systems suggest that marine ecosystems are like! y to sustain stocks considerably larger than 
wild populations. Since on! y a small pm·tion of marine ecosystems are exploited by ranch
i~g, and since natura! productivity can be channeled selectively into species that are pru·
Uculru·ly useful, on pure! y ecological terms, the prospects of ranch ing look even lru·ger. The 
system relies also on the homing behavior wbich seems to be a common feature of the 
ecology of aquatic populations faced to the double constrain of survival in a dispersive 
habitat, .and of sexual reproduction which makes the population survival dependent on the 
periodic return of a sufficient portion of spawners to hatcheries that are stable in space and 
time. 

Still, the control of stocks and barvests is complicated seriously by stock mobility. 
Owing to their tiny size, fingerlings are hard to brand systematically as can be done for 
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cattle (though morphological features associated to artificial reproduction couldbe used). 
More important, the remoteness of fishing grounds, the low density of offshore fts~mg op
erations, and the fugitive nature of catches. render the enforcement of property nghts ~>n 
cultivated stocks extremely difficult in the open sea. For that reason, property of mobtle 
stocks is practically never recognized in maritime law. Unlike cattle or sheep, fish escaping 
from farms become a public resource. 

This constraint can be overcome, however, by adopting the methods used in fisheries 
for limiting and allocating yields (individual catch quotas and fishing licenses). Since, most 
species that can be ranched are also exploited in fisl:!_eries, the incapability of distinguishing 
cultivated and wild animals in hatvests makes the development of ranching dependent on 
the development of a c cess regulation in fisheries. The risk of stock interception by o utsi d
ers, especially in areas outside national jurisdictions, limits seriously the prospects of ex
ploiting the latent ptimary and secondary offshore productions (see § 3.5). 

Obstacles encountered in the development of scallop culture in the Bay of Brest 
(France) illustrate the complexity of domesticatiOilln the ocean. Technological aspects of 
the system are mastered, and full-size experiments conducted on public funds have indi
cated that the system is likely to be profitable. Still, the transfer of the seeding costs to pri
mary beneficiaries progresses slowly. The fishermen association accepted that fishennen 
contribute on a voluntary and fixed basis to a collective program, but is opposed to the 
seeding on natura! beds which are a priori the most suitable. It is als o opposed to a mod u
lation of individual contributions which would gi ve fishermen recapture rights proportional 
to their subscriptions. since this would res ult in a de facto recognition of a merchant scheme 
for allocating individual catch quotas on wild stocks. The rearing of scallops on individual 
leases is impinged by the scale of fees applied by the fisheries administration for o yster and 
musse! farming. Potential farmers consider the fees excessive for a new system where the 
risk is high [23]. 

For the reasons indicated in the introduction, the production of sea ranching is not 
known. But, from the examination of scattered data, world and European producrions 
seems to be considerably lower, possibly by one order of magnitude at !east, than th.at of 
shellfish and seaweed cultures. The gap is even larger when one con siders that the volume 
of ecosystems avaihible for sea ranching is considerably greater than 111e volume available 
for the farming of sedentary species. Japan is one exception. It is one of the few countries 
where sea ranching is making significant progress (salmons, scallop, king prawn, king sea 
bream, flounder, ... ), demonstrating the ecological and technical feasibility of the system. 
During the last thirty years, for example, production of 'chum' sal mon has increased ten
fold, to exceed 200 000 tonnes at present. In 1998, runs returning to the Hokkaido rivers 
were ten times higher than the maximum observed throughout the recorded history of the 
fishery of wild stocks [24, 25]. Japan is also one of very few countries where the exploita
tion of fishery resources and the uses of coastal environment are ru led under a communal 
property system. Ptivileges that fishermen could claim by virtue of anterior·ity of occupancy 
and exploitation have been formally recognizcd in the central legislation. Fishermen co
operatives and private groups hold collective rights of quasi-property on fishery resources 
and environment. If fishermen cannot sale their rights. the government cannot withdraw 
them either. 

Semi-intensive and intensive systems 
In these systems, ownership of cultivated stocks is achieved through the property of 

ponds or raceways, or the enclosure of stocks in cages and the lease of fa.rming sites on the 
public domain. In semi-intensive systems, however, fertilization of ponds and establish
ment of property systems become increasingly difficult as the size of water bodies in
creases. Depending on the nature of tenure systems (land and water) in force, ceilings vary 
from regions to regions. In sub-Saharan Africa, for example, regimes of collective exploi
tation of water bodies in which access is traditionally governed by clans. lineages or chie
fdoms. discrepancies between customary systems and centrallegislations, and difficulties in 
resolving use conflicts (fishing, aquaculture, pollution) under diverse and changing prop
erty schemes [15] are major impediments to the development of freshwater and lagoon aq
uaculture[ 10]. 
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2.4- Technological intensificacion and economic and social organization ofexploitation 

Even though the production of fingerlings is sometimes sub-contracted to private 
firms, non-profit seeding programs aiming at the conservation of wild populations for the 
benefit of the society as a whole are usually funded and executed by public structures. Or
ganization is similar for transplantation and seeding aiming at sustaining commercial fish-
eries in which ·access is not, or loosely, controlied. · 

Prospects of creating a significant stock raise the twin question of the reservation of 
access rights to particular fisher groups (foreign/national/local, commercial/sport fisher
men, farmers), and the contribution of the primary beneficiaries to seeding or stocking 
costs. The State of Alaska, for example, allocates licenses to private hatcheries for non
profil salmon ranching operations that are managed by local fisher co-operatives and in
digenous communities. 

In small-scak seeding programs benefiting traditional fisher communities, harvesting 
is often reserved to costa! communities by collective terTitorial rights, but seeding costs are 
mostly covered by public fnnds. In Japan, for example, commercial fishetmen contribute to 
ranching programs through the payment of fccs representing a small percentage of their 
landings revenue, and access to coastal fisheries is partitioned by membership to co
operatives. 

Contribution to ranching programs is a more common practice' in sport fisheries. In 
Great Britain, for example, landowner·s which rent salmon fishing rights on the s.tream 
stretches in their properties finance the stocking programs that increase the price of fishing 
rights. Some states (Iceland, Chile, ... and, in the US, Alaska, Oregon, Washington, and 
Califomia on an expe1imental basis) allow private hatchei·ies operating for profit. However, 
in many cases, private ranching projects encounter strong oppositions from commerdal and 
sport fishermen, as well as from the public opinion, who object that tbey wouid lead to a 
privatization of public resources, or would reduce the price of fish to the detriment of 
commercial fishermen. 

Private stock ownership and exploitation are the rule in advanced extensive fatining 
of sedenta.ry species, as well as in semi-intensive, and intensive c>ystems, which make up 
the bulk of aquaculture production. 

The history of shellfish culture in the Yerseke (Netherlands) illustrates this parallel 
development of technological intensification, economic and social organization of fatming 
units, and stock ownership [26]. 

• before 1860: fisbing natura! beds by local small-scale fisber communities; regula
tion of access by local adrninistration (command made); 

• 1860- 1933: with differences between musse! and oyster cultures, development of 
extensive farming with appropriation of cultivated stocks and alloca
tion, through public auction, of individual leases on the public domain; 

• 1933- 1967: expansion ofproduction and outbreaks of epidemics; 
• after 1967: venical integration of farms which become capitalistic; reduction of 

public interventions. 
In the French shellfish culture, mechanisms of individual lease transmission changed 

also gradually. lnitially, leases were allocated by administrative decisions based on the pro
fessional status of farmers and social considerations (services rendered to the State, num
bers of sons and daughters in the farmer family). The 1983 Law transferred the mandate of 
allocating leases to bodies of shellfish farmers, established by pl'Oduction basins, and oper
ating under the supervision of the fisheries adrninistration. White keeping a supervision by 
the fishery administration, the 1986 Law fo1malized the trade of leases which has been in 
existence for a long time in an hidden form. 

Over the long period, domestication (fishing, extensive -, semi-intensive -, intensive 
fruming), stock appropriation and privatization (res nu//ius, space occupation, stock posses
sion, private - collective and individual - stock ownership), production structures 
(traditional communities and households, sport fishermen associations, comrnercial fishing 
companies, and private fru·ms), penetration of the monetary sphere and central admjnistra
tions- including for the allocation of leases on the public domain (subsistence, conservation 
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of wild populations, sport fishing, commercial fishing and farming), all these processes are 
progressing abreast. Capita! and la bor intensity in the exploitation goes with technological 

o intensification in the production methods. 
Three conclusions can be drawn from this rough analysis of fatming systems (tab. l): 

• compared to agriculture, the domestication process is markedly less advanced in 
aquatic environments, and particularly in the ocean; this is illustrated by the pre
dominance of fishing and extensive and semi-intensive farming systems in world 
fish produ ction; 

• the command mode that is CUITently used for granting access to space may check 
the taking off of new farming productions in coastal areas that are in great dc
mand; 

• inespectively of their degree of intensification, all fanning systems that make up 
the world aquaculture production are conducted under one form of stock owner
ship or another; in other words, stock ownership appears as a more critical condi
tion than technological intensification for the expansion of systems that have tak en 
off; this observation shows the limits of strictly technologist and economist models 
of aquaculture develo p ment; 

• the role of social, cultural and institutional factors in aquacultpre development, be
side technological and economic aspects, is illustrated by the uneven geographic 
development of farming systems; small-scale farrning (extensive and semi
intensive systems) predominates in Asia, but not, and for different reasons, in 
other regions of the world (Africa, Asia, Nmth and South America). 

3. The rationalization of farming systems and the property of ecosystems 

3.1 - Carryi11g capaciry of eu/riva red ecosysrems. densiry-dependenr yicld. and dimimshing 
retrnns 

Shellfish farming gives a good example of the problem of adjusting private uscs to 
the naturally limited capacity of ecosystems. In semi-closed basins where water circulation 
is weak, the primm·y production used as forage by shellfish stocks becornes more and more 
binding as the overall stock biomass increases. Since water is continuously mixing within 
the basin, fm·mers cannot adjust separately their stocks to the basin productivity. To in
crease their shm·e of the overall forage production, it is in their intcrest to increase their 
stocks despite the overstocking to which this behavior leads (fig. 1). Individual yields and 
economic performances of farms decline as the rearing cycle grows longer and mortality 
rates higher. 

__ Po11t1guese oy ... ter 
--- Jnpane.<:e oystL~· 
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Total stock biomnss (. 000 tonnes) 

Figure l - Annua) production and stock biornass in the basin of M~H-enncs-Oitron (Francc): Portuguese oystcr 
(O). Japanese oysler (6). and Japancsc oyslcr in Portugucsc oystcr assirnilalion cquivalenl (') 1271. 

1999 WGEIM Report A6 -viii 



Overstocking is also suspected to enhance stock susceptibility to diseases. Epidemics 
which decimated French stocks on several occasions in the past occmTed after maximums 
of produc;tion in major basins (fig. 2). Transfers of stocks between basins specialized in 
different steps of the rearing cycle (spat collection, rearing, final products refining) contrib
uted to the spreading of diseases. 
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Figure 2- Annua! marketed production of oysters and occun·ence of epidcmics in France (lFREMER data). 

Farming has other negative impacts on the ecosystems: 

• release of offalls (organic matter, antibiotics, medicines and chemicals) in semi
intensive and intensive systems; 

• inu·oduction of non-indigenous species and exotic strains likely to affect wild 
stocks and biodiversity; 

• contamination risk (pathogens) between cultivated stocks and wild populations. 
When their amount approaches the assimilation capacity of ecosystems, these impacts 

have to be adjusted. 

3.2 - Adjustment of competing uses to ecosystem capacity 

l!Tespectively of farming systems, cultivated stocks are subject to agricultural, do
mestic, and industrial pollution. These externalities are particularly important in coastal 
areas where aquaculture takes place. Owing to their fluidity and density, aquatic environ
ments are belter vectors of pollutants than tenestrial and atmospheric o nes. As a conse· 
quence, river flows cany anthropogenic refuses in littoral areas. Shellfish farrning is par
ticularly vulnerable to exogenous pollution. Filter feeding concentrates pathogens and toxic 
substances in products, while the consurnption of products .in raw increases the risk of con
tamination. Therefore, the adjustment of cultivated stocks to the ecosystem capacity has to 
be completed by a regulation of pollution like ly to alter this capacity. 

Assessment of ecosystem assimilation capacity is complex. When quantitative as
sessments are lacking, the setting of norms for the release of off alis at the lev el of poll uting 
units is necessarily arbitrary. Balance of competitive uses of ecosystems cannot be opti
mized. However, befare optimizing, an adjustment capacity has to be acquired. For that 
pm-pose, an analysis of the resource structure, u ses, and economic and social u ser organiza
tions is sufficient. 
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3.3 - Overexploitation: an institutional solution to an economic problem 

Owing to the environment fluidity and species mobility, the rationalization of farming 
systems cannot be achieved by stock ownership alone. Space allotment has to be completed 
by a regulation, of the overall stock biomass for stocks that are sedentary or rem·ed in en
closures, or of total catches or harvesting capacities for mobile species. In commercial pro
ductions, this regulation depends on the introduction of two institutional innovations: 

• mechanisms for allocating quantitative u se rights to individual farms (and pollut
ing units), 

• an exclusivity scheme that matches the ecosystem stnJcture. 
The adjustment of stock biomass to the can·ying capacity of ecosystems is an eco

nomic problem. When access is not, or loosely, regulated, the resource rent- i.e. the value 
that the ecosystem capacity acquires in becoming scarcer as their exploitation for commer
cial pm·poses intensifieS:: is not distinguished from the normal profit that farmers derive 
from the management of aquaculture production. When access is o pen and free, the sem-city 
rent appears as an overprofit which adds up to the fanners' normal profit. Fatmet·s can in
crease this overprofit by acquiring additional capacities. In the absence of controls at the 
scale of ecosystems, fatming capacities exceed ultimately what is necessm·y and sufficient 
to utilize rationally the natura! productivity of ecosystems. These ove.rcapacities lead, first 
to the dissipation of the resource rent, then to the ecosystem overexploitation, and finally to 
conflicts (equilibrium E on fig. 3a}. For adjusting individual capacities to the ecosystem 
capacity, an authority is needed at the scale of the ecosystem. This authority can exet1 the 
necessary contra! through different mechanisms. It can, for example, sale or tax farmers' 
use rights to extract the resource rent. The resource rent is, thus, distinguished from the 
farmers' normal profiL Fa1mers receive, then, signals that reflect the relative values of the 
natura! resource and the human inputs (capita) and labor). The full extraction of the re
source rent is more conservative than the mere application of biological criteria 
(equilibtium E' on fig. 3b}. If overexploitation is an economic issue, its solution rests in the 
adoption of institutions that m·e adapted to the commercial and competitive exploitation of 
natmal resources. 
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Fig. 3a · Dynamics of overexploitation (open and free 3b · Effcct on the exploitation rate of a regulation 
access). of access to the fanning ecosystem. 

N.B. : Under equilibrium conditions, changes in the overall rate of exploitarion of the ecosystem does not 
modify the rate of normal profil of fanns. 

3.4- Ecosystem ownership and allocatiott ofuse righrs 

The problem of use rights allocation 
Three tasks can be distinguished in the adjustrnent of u ses to the ecosystcm capacity: 
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• conserving the ecosystem capacity: this capacity can be optim_ize? by techni_cal 
measures, such as the choice of cultivated specres, the normahzauon of reanng 
practices, the optimization of the distribution of sedentary stocks or releases of 
pollutants, ... 

• defining maximum exploitation rates: for a single farming system, this rate will 
corTespond to the balance between economic (maximizing the resource rent); eco
logical (conservation), and social objectives that is adopted in the management 
policy; for ecosystems that are subject to several uses, a use rate will be fixed for 
each use; 

• allocating individual rights within the individual use ceilings. 
In aquatic ecosystems, the allocation of use rights raises a double problem,one tech

nical, o ne institutional: 

• the disparity of scales between the unit resource - the ecosystem -, .on the one 
band, and the fatming units, on the other hand; it can be overcome by entrusting a 
single authority- public or collective- with the allocation function; allocation will 
be effective if the property structure reflects adequately the resource structure, and 
if resource management is distinguished from fatm management; 

• the dis pari ty of mechanisms used fm· the allocation of u se rights and of human in
puts (capita! and labor); schematically, the al!ocation of rights is done by the man
agement authority which, in conventional systems, relies on the command made 
(norms and clecisions), completed by consultations with proliucers' associations; 
human inputs are mobilized by farmers who, in commercial activities, rely pre
clominantly on market mechanisms for.that purpose. 
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Figure 4 • Articulation of unit resourccs, and production, exploitation and management systems in uses of 
aquatic li ving resources. 

Allocation mechanisms 
.. Economic mecl:anisms (market and taxation) present the advantage of adclressing ex

phc!lly to the dynanncs of overexploitation. Compared to taxation, the market can, de tet·-
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mine directly the price of use rights. Transactions and enforcement of decisions are facili
tated by the direct negotiation of contracts between the resource owner and farmers. Still, 
when the y are faced to a restriction of access that was, so far, o pen and free, users are not 
necessatily convinced of the advantages of the new system. Objections of inequity are aften 
voiced for users do not have an equal capacity to benefit from the new system. 

The command made (decisions and norms) and customary systems based on social 
controls exerted within user communities do not present these advantages. Still, the formal 
recognition of cornmunal property seilernes can be an effective option to offset the disor
ders resulting from the non-recognition of historical privileges of small-scale cornrnunities, 
and to f acilitate their integration in to national economies. 

Customary systems, however, can provide only partial and ternpora.ry solutions. De
veloped at times when resources were not exploited for commercial purposes, nor globally 
binding, their primary purposes were to exclude outsiders from comrnunal territories, to 
harrnonize the productive activities of members (technical rneasures and allocation of sites). 
to share production outputs, and to ensure the necessary solidarity among-mernbers. They 
did not aim at preventing overexploitation. They are not designed to facilitate technological 
intensification. In most cases, the scale of communal control seilernes does not match the 
resource su·ucture. They are not designed to tackle conflicts with new uses (urbanization, 
tourism, intensive aquaculture, pollution). Si nec the social pattems on which they are based 
are slow! y breaking off under the diffusion of market econorny and ce_ntral legislation, and 
the associated changes in communities cultural values. they tend to fall in to disuse. 

The advantage of clarifying property regimes is independent of the identity of right 
holders, as of allocation mechanisms. lf the regulation is effected by a 'public authority, its 
effectiveness will be reduced if the responsibilities of the public sector and producers asso
ciations, of the different administrations concerned (fis heri es, aquaculture, environment), as 
well as of the various levels of the politico-administrative structure (from municipalities to 
international bodies) are loosely definecl. Sector administrations may encounter difficulties 
in balancing their dual mandate of producers' protection and resource conservatiq_n. In 
sector policies, the minimization of short-term costs for producers of recunent conservation 
measures may receives more attention than the institutional reforms that condition the fang
term rationalization of the sector and the rcsource conservation. 

Thus, in the rapports between man and nature, institutions that regulate access are the 
direct complement of production systems. They provide the framework which conditions 
the rationalization of u ses (fig. 4). Their effectiveness depends on their adjustment to the 
resource/use/users set. Since the nature and structure of these components differ between 
uses and change in time, there is no standard institutional solution. The concept of property 
appears, thus, not as an absolute right on things, but as a coherent bundle of rights, di stri b
utecl on the basis of the respective capacity of individuals, producer associations, and public 
organizations to exert the relevant controls at the proper scales (ecosystems, fish popula
tions and cultivated stocks). Effectiveness of proper1y systems depends on the formalization 
of contractual rights and du ties between resource owners and users [28], as well as on the 
clarification of rights variables, quantities and ho!dcrs, and infringements and pen al ties. In 
commercial activities, the efficiency of use rights will depend 011 their exclusivity - i.e. that 
all benefits and losses in the exercise of a control fall upon the right holder-, and combi
nability- and, thus, of their transferability. Tbey should be physically enforceable. and ac
tually enforced - since a right tint is not guaranteecl is not a right. 

Management structures 
The establishment of public authorities, distinct from central administrations, in 

charge of the formulation of management policies and of the allocation of use rights, coulcl 
provide an effective solution. Such agencies would be accountable to bodies in which enti
tled political authorities, administrations and users organizations (including ecologist asso
ciations) would be represented. Such a scheme is common in the management of land re

. sources such as fot·esu·y and water resources, which share features with marine resources, 
and has been adopted in some countries (e.g. Australia) for the management of marine fish
ery resources and environment. If their competence would cover all li ving and environment 
resources within an area reflecting the resource structure, irrespectively of their uses, inte
grated management could make significant progress. Such agencies could use the resource 
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rent to cover the management expenses (resource assessment and monitoring, allocation of 
use rights, control and surveillance), and to finance resource enhancement programs (sea 
ranching, eradication of exotic species). 

3.5 - State sovereign/y 

On land, entitlements of property rights are wan·anted by the sovereign tights of states 
- army, justice and police [18]. In the historical development of property systems, the en
forcement of a common regime appeared finally less costly than collective i11itiatives of 
private associations for con trolling theft ai'ld 'free riding'. For wananting property of natu
ra! resources, public solutions prevailed ultimately [8]. 

In adopting a new ocean regime, the international community extended a similar 
scheme to the 200 miles stripe. Within their areas of jurisdiction, coastal states are now 
empowered to adjust the resource property regime, the allocation mechanisms, and the 
management structures to the new conditifflls of commercial utilization -of li ving resources 
and environment. However, the new regime does not provide a full solution to the problem. 
If it gives coastal states rights ofquasi-property on the resources that are fully circum
scribed within the Exclusive Economic Zones (EEZ), their authority remains shared for the 
resources that are distributed within two or more EEZ, and diluted for resources that extend 
in to the high sea (fig. 5). 
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Figure 5- Areas of national jurisdiction and dilution of national authority. 

Except for the ranching of transboundary species (e.g. salmons), the dilution of 
authority is not immediately critical for the intensification and rationalization of farming 
systems which are concentrated in coastal areas. Sinc.e the devolution of an adequate 
authority to supranational bodies seems unlikely in the foreseeable fu ture, or will not take 
place befare the inadequacy of simpler international anangernents (governance without 
government) becomes patent, the management of transboundary resources remains con di
ti o ned to the negotiation of adequate a.rrangements between resource co-owners [ 17, 18]. 
The adoption of lasting agreements can be expected for shared resources but, for straddling 
stocks; agreements will remain precarious since they could be challenged at any moment by 
the a.rrival of newcomers. 
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Salmon ranching illustrates the problem raised by the management of transboundary 
stocks. The seeding programs catTied out by Baltic countries since the turn of this century 
have been technically so successful that the y triggered the development of a multinational 
fishery in the Baltic [29]. Offshore catches are presently high enough to threaten the wild 
populations that are caught with cultivated stocks. By ensuring the profitability of sea fish
ing operations, seeding programs aiming at preserving wild populations decimated by hy
dro-electric developments and pollution of rivers, are actually endangering them. A ban
ning of sea fishing could provide a solution. This measure has been adopted in the North 
Pacific where coastal states agreed to ban salrnon fishing in offshore waters, or by lceland 
which banned salmon fishing in its coastal waters 60 yems ago. 

4. Conclusions 

In the 60s, the prospect of a leve! ing off of world fish production stimulated a new 
interest for marine aquaculture. Reference to the Neolithic Revolution was made to justify 

. an increased effort in R&D. Though fanning system analysis confirms the similarity of the 
intensification process in the sea and on land, it shows also differences that limits the anal
ogy. 

First, in the ocean, the process of artificialization started much later than on land'. As 
lang as the world demand could be fulfilled by the offshore extension of fishing operations, 
societies could spat·e the cost of both domestication and institutional refonns. Bul the situa
tion has changed. To-da y, the development of new fatming systems as' well as the rationali
zation of mature systems depend on the adjustment of institutions to the new conditions. 
Technological intensification cannot be an alternative to rationalization. 

Two, the scales of resources are considerably greater in the ocean than on land. This 
complicates both the process of domestication and the adjustment of institutions. The tech
nical device that was adopted several centuries ago in agriculture - i.e. the allotment of 
space -cannot be transposed mechanically to aquaculture, no more than to fisheries. Even 
for the cultivation of sedentary species and enclosed stocks, space allotment provides on ly 
pattial solutions. But complementary solutions exist. 

Third, recent works on the origins of agriculture and the expansion of earl y farming 
societies underline the limits of the technicist (based on technological innovations) and 
economist (response to ecological, biological, or population stresses) interpretations of the 
Neolithic Revolution [30, 2]. Tlleir findings emphasize the cultural change that made do
mestication possible: in changing their systems of divinities, earl y fatming societies consid
ered their rapports with nature with a different eyc. To-day, the commercial utilization of 
marine natura! resources presents similaritics with the one prevailing ten millenniums ago. 
The long lasting existence of resource property on land (in relation to the carlier develop
ment of agticulture, relayed by tlle world expansion of trade and tllc lndustrial Revolution) 
explains probably why the institutional vacuurn prevailing in the sea was somewhat ovel·
looked in early aquaculture diversification policies. Under conventional access regulation 
regimes, private and social benefits and costs cannot be matched properly. Without ade
quate controls on stocks and harvests, potential fa1mers do not receive the signals for taking 
the risk of investing in new farming systems. In mature systems, their short-term intcrest is 
to increase their stocks beyond the minimum required to exploit ecosystem capacities ra
tionally. The difficulties encountered by public administrations in stewarding the environ
ment, or the priority given to long-established uses over new fatming systems, are the direct 
consequences of the CUITent property systems shortcomings, and of the low efficiency of 
the mechanisms in force for allocating resource use rights in commercial exploitations. 

At international leve!, the extension of national jurisdictions represents an historical 
step for the development of ocean resources. Coastal states have now the opportun i ty to 
introduce in their EEZs the property regimes that would promote the intensification and 
rationalization of fmming systems. Though institutional requirements differ between fann
ing systems, stock property is critical for the expansion of all systems, as are the clarifica-

- E~cept the e,'(tcnsive culturc ofscdeiJLnry spccie.'> whosc Jcvclop111l'lll i~ si 111Jlll". 
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tion of resource property schemes and the adoption of modem allocation mechanisms for 
the optimization of mature systems. However, if the problem of access regulation is well 
understood, the conditions of institution formation in particular contexts require further 
investigations. Because resources, use systems, and social and economic organizations of 
users differ and change with time, there are no ready-made solutions. The design of institu
tions that would facilitate the integration of small-scale communities engaged in commer
cial productions into national economies raises particularly complex problems. 

Despite the emphasis put on integrated management, the regulation of access is still 
largely done by sectors. This approach contributes to maintain the mismatch between re
source and control structures. The abrogation in 2 002 of the derogation which allows -
coastal states of the European Union to manage separately their fisheries in their territorial 
seas would result, for example, in the extension of the EU fishery management scheme to 
teni.torial seas. This would maintain a centralized management scheme that does not reflect 
the resource structure, nor the diversity of u ses, and prevents to draw benefit from the par
ticular relationships that prevail between inshore resources, coastal user groups, and local 
adminis trations. 

Still, the EU framework could be used for designing and implementing an integrated 
scheme of management units that better reflects the resource structure. Considering the 
cun·ent mismatch between ecosystem and stock boundaries, and the pattern of political bor
ders, such a goal may look unrealistic. Technically, however, the problem is less compli
cate than its seems. The two unit~ - the animal or plant population, and the ecosystem - that 
structure li ving and environmental resources, are independent of their u ses, and their sea le 
would allow a significant devolution of management duties, at local leve! for inshore re
sources, and at provincial leve! for neritic demersal stocks. But, owing to the geographic 
extension of semi-enclosed seas around Em·ope, this dcvelopment would depend on the 
negotiation of new forms of cooperation, in which coastal countries would share at sub
national.level their sovereign rights on resources. 

Even when opportunities are considerable, institutions do not emerge spontaneously. 
Institutional and technological innovations differ substantially in this respect. Though the 
later can be expensive, their development is often within tbe reach of p1i.vate. initiatives, and 
potential benefits accrue to entrepreneurs who are ready to take the risk. lnstitutional re
forms, on the other hand, come up against entrenched interests, dreads of political effects of 
institutional changes, and bureaucratic ine1tia. The short-tcrm costs of institutional reforms 
are not only high, but their long-tenn benefits accrue to the society as a whole, and not to 
the administrators and political leaders who would be ready to take initiatives. Five centu
ries ago, Machiavel noted already: ' ... the re is no task more difticult, more risky.to handle, 
more wzcertain of its success, than attempting to introduce neH' instiwtions: for the inno
vator will have enemies in all those who were favored by the ancient order, and >vill receive 
on/y lukewann support from those who wou/d gain from the new o ne' (The Prince), 

If societal organizations are rational, the wide geographic and sector gaps that persist 
in economic development show that societies do not necessarily grasp the opportunities that 
occur. Societal changes are non-deterministic. Because institutional innovations arepart of 
political processes and depend on public initiatives whose expression is uncertain, it is in 
the adjustrnent of institutions that the public sector should in vest its energy in ptiority. 

So far, public research agendas have given priority to technological and economic as
pects of aquaculture development. Larger scale issues - e.g. the reproductive strategies and 
the recruitement determinism of fish populations that are critical for designing comprehen
sive ranching programs, the process of technological intensification in aquaculture, the 
regulation of access to natura! resources, or environment economics - have received less 
attention. These topics concern all uses of living resources and environment. Considering 
the similarity and complementarity of issues, analyses would gain in coherence and per
spective if the regulation of all uses of marine natura! resources were part of the same re
search programs.· Basic theot~es and field observations are available. Comparative ,studies 
covering the full range of u ses could produce analytical gr i ds for comparing, on the basis of 
preset criteria, the merits of different regulatory schemes; and for understand ing the condi: 
tions of institutions formation in different use systems. 
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ARTIFICIALS REEFS IN LANGUEDOC-ROUSSILLON: 
AN INVESTMENT FOR SMALL SCALES FISIIERIES 

l l FTSHERIES IN LANGUEDOC-ROUSSILLON.: AN IMPORTANT ECONOMIC 
PLACE SPECIALLY FOR THE SMALL SCALE FISHERIES 

• 2 main types of co as tal fisheries 

Number of boats in1998 1224 boats 
trawlers 128 

tuna senners 44 
small scale fisheries 1062 

Num ber of fishermen '2500 fishermen 
Direct cmployment 
Number of jobs related to fisheries : reparation, 4500 employs 
furniture, commercialisation, transport, transformation, 
Landings per year (out shellfish) 37 000 tonnes 
NB : production shcllfish cultures 
mussels : 8 000 tonnes, oystcrs : l O 000 totmes 
Turn over production : 430 M.F. de CA 

of trawlers : 200 M.F. 
of luna sermers : 130 M.F. 

of small sea! es fishcrics : 100 M.F. 

• trawlers : 
2 types oftrawlers that !arget either bo !lom fish cithcr pclagic fish, and work on the Lion' 
Gulf, which is a large continental tableland, with sandy bottom: 

* Pelagic trawlers have known a great dcvclopment and fish anchovies and sardines, in 
the continental tableland- less than 40 mi lis from the coastline - · 

* Trawlers specialised on demersal fish 

• small scalcs fishcries 
Wc could just evaluate the importance of this fishery by !aking into consideration on! y 
numbers: more than thousand boats who carry on their activity in the ponds (38 00 
hectares) or on sea on the side of3 mills. 
But we can also consider these fisheries like an especially important activity for the 
territory management. Because this activity is permanent, the whole year (on the contrary 
of tourism) and respectful with environment. These fishermen are first to dctect and first 
to suffer from distortions of environment. 
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• Iocals partnerships : CEPRALMAR 

National rules have given to the regional council some responsibilities for aquaculture and 
fisheries. For fisheries, regions can give economic assistance to small boats under 18 meters 
long. 
The Languedoc-Roussillon has chosen to reserve a financial envelope per year (25 MF) and to 
create an association to gi ve technical ad vises. This association has an administration council 
divided in 2 groups: professionals (fishermen and aquacultors) in one side and elects from 
coastal zones. Members of CEPRALMAR examine all documcnts and projects that have links 
with fisheries, and gi ve ad vice for the financial aids. 
Moreover this association has wage earners, specialised in one sector: aquaculture, fisheries, 
environment transformation of marine products ... 

The objective is to consider the needs of producers and tind solutions to improve things: 
organisation of the profession, 
development of quality on bo ard and on earth, 
management of the coastal activities and amcnagement 

For small-scale fisheries, the main problem is the guality of environment: what kind of 
arrangement can be found to improve the fishing conditions in the ponds and in the sea. 

So that CEPRALMAR have early worked on artificial reef to test the opportunity of 
managing coastal border witb this kind of material: it managed a hig program in 1984-1985, 
with inunersion of 15000 m3 concrele models, directed cotning from the Japanese technology 
(cf. document) in 5 experimental zones. 

Another opcration conducted by CEPRALMAR was the introduction of shellfish culture on 
longlines : 

ORIGINALS REEFS : SHELLFISJI LONGLINES 

GRUISSAN V ENDRES SETE- ARESQUIERS 
MARSEILLAN 

Surfacc brute 2o I bas o48 has 2754 has 540 bas 

Number concessions 87 144 348 90 
Total 
Nb concessions 33 51 240 
exploited 
Nb longlines 36 25 260 

Enterprises 4 3 120 

Production mussels 800 tonnes 600 tormes 6000 tonnes 

Nb boats 4 3 80 
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-. 
lO years after the immersion of the first Iong-line, this sector represents, in 1997 : 7 a 
8 000 tonnes mussels l year- 300 direct employment- 50 M.F. de turn-over ... and 
privileged places for fishermen 

2) ACTUAL POLITICAL for ARTIFICIALS REEFS IN L.R. 

2 l ) MAIN OBJECTIVE FOR HA VING ARTIFICIAL REEFS ON SEA IS TO HOLD 
SMALL-SCALE FISHERIES ... from witch the regional council has responsibility. 

This economic sector has known an important reduction during the last ten years: this sector, 
in the Mediterrancan french shore has been rcduced from 50% between 1983 and 1998. The 
responsible coming from the prud 'homie have asked the public uti !i ty to do something to limit 
conflicts and to preserve the coastal zone. 

l) Indeed man y conflicts take place in the co as tal border in to the zone of 3 mills, between 
trawlers and small boats. 

the trawlers work very near from the coastline, so !hat they can fish noble fish ... but very 
often, under the commercial size, above nurseries. 
They oftentake over the nets of small boats 

So, artificial reefs can be us ed a protcction reefs, lo share space bctween 2 types of ncts and 
to prevent the heavy utilisation of some well known hard-bottom arcas along the coast. 

2) \Ve notice a reduction of catches near the coasts, so fishem1en must go far away to try to 
capture enough fisb. But theses reefs can also be production rcefs : 

they concentrate noble fish and different types of commercial species, specially spccies 
associated lo rocky places 
they constitute a home for genitor and a protection for small fis hes 
they can favour the use of selected ta ekles like longlines 

2-2) HOW TO BUILT A PRO.JECT 

For the recent projects, we have had always the same scheme: 

An initiator: the prud'homie. 
Prudhomies are old organisations that gather all fisherrnen of a port or a jurisdiction. 
Fisherrnen are used to consider that the environment is fragile and the resources are 
limited. And they have been responsible for the protection of the resources since the 
l5eme century, date of constitution of the prud'homics, who are special corporation for 
fishermen. Corporation who exists only around Mediterranean sea, and whose chief is a 
fisherrnan elected by his col!eagues. The objectivcs of !hese prud'homies is to provide 
ru! es, to organise fisheries ... 
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So they determine: 
schedules for going out of the port, 
special features for fishing tackles (net meshes) 
if some places are to tie fallow 

To sum up, these prud'homies are ideal collocutors for institutions and people who are in 
charge of the fisheries sector. 

A technical co-ordinator : CEPRALMAR who : 
organise meeting for gi ving information about the different possibilities, and co !leet needs 
of each partner, 
meet all the partner- elects, fishermen, scientists to settle the type ofreef, their best 
localisation ... 
presents the project in front oftechnical commission, who gi ve an advice for having 
public subsidies 

A politicalleader : often the town or a gro up of collectiviscs 

2-3) A NECESSITY to determine the conscqucnces: a SCIENTIFIC FOLLOWING 

After the immersions in Agde and Marseillan, the Region has workcd on a scientific 
following to estimate the effects of these investments. So we chose an association of 2 
scientific agencies who suggest following the colonisation by skin-diving. Their conclusions 
are very interesting and encouraging: 

Recording to the type of reef: 
the concretc tube is useful to protect the areas against trawlcrs, (so as a protection reel), 
it's solid, but they can silt up and are too much simple : they favour certain species like 
congers. 
diversified populations have colonised these tubes, from uscful commercial spcCics 
(Dicentrarchus labrax, sar, congers ... ) 
the protection ro le appears by protection of eggs and juveniles (sole, rouget ... ), 
some species who had disappear from the landings have bccn found again (cscargots, 
Dorado, rays ... ) 

Recording the activity of fishermcn : 
around the arranged zones, we have had many installations of young fishetmen, on the 
contrary of what happens in other parts in L.R. the captures have increased and a commercial 
organisation have been created in order to organise commercialisation. 

Recommendations : 
The conclusions of the etude show that we'JI have to: 
- install reefs more diversifies to have a hetter variability ofhabitats, 
- concentrate reefs in the space and if possible as nearest as possible from rocky zones 
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So, in the next project - in the Aigues Mortes Gulf, we have taken account this 
recommendations Immersions will take place in june 1999, and it'll be a very big program 
with a study during 3 years, with an great place given to the effects on fisheries, and tests of 
differents types ofreefin relation with the type offish we'd like to fix. 

2 - 4) RECENT IMMERSIONS OF ARTIFICIAL REEFS IN LANGUEDOC-ROUSSILLON 

MARSEILLAN AGDE AJGUESMORTESGULF 

Year of 1992 and 1996 1995 Foregone june 1999 
realisation 
Leader Town Marseillan Town Agde Syndic for fishing development 
Maitre d' ouvrage and protection of coastal zones in 

Aigues Martes gulf 

Cost (H.T.) l o step : 450 000 F l 855 000 F 3 000 000 F 
2° step: 500 000 F 

Finauce Town: 50% Town: 50% Region L.R. : 33 % (l MF) 
Region. : 25 % Region. : 25 % CG34: 17,5% 

Department 34 : 25 % CG 34:25% CG 30: 17,5% 
5 towns : 33 % 

Types de modules double concrcte tubes Double concrete ruhes tubes 
cubes l ,2m3 

Number of 60 modules en 1992 200 modulcs en 1995 l 09 tubes concrete de 8 T 
modules et 50 en 1996 25 piles of 20 cubes each 

Surface concerned 7 km' 20 km2 14 km' 

Depth of betwcen 1 O and 22 m betwecn 9 and 22 m Between 7 and 15 m 
in1n1crsion (l o phase) Between l and 2 milles from 

til! 35 111 coastline around rocky zones 
(2eme p hase) 

Nmnber of 30 small boats lO trawlers, more than 30 trawlers, almost 100 small 
fishermen 80 small boats boats (prud'homies de Palavas et 
concerned (prud'homie d' Agde) le Grau du Ro i) associated at the 

l 
program specially for the 

localisation of reefs 
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CONCLUSIONS 

lf the fishermen are at the initiative of this immersions on Languedoc-Roussillon, the elects 
and technicians are convinced that artificial reefs are a main element of coastal management. 

Useful for the fisheries : 
share space, 
diversifY the habitats so the species for commercial use, 
gi ve security for small scale fishermen who don 't have to worry about ha ving their nets 
taken away during the night, 
conduct to use selected tackles : we have done experiences with fishermen who have 
worked specially around reefs to take congers, which are great predators, in order to 
observe if other species could come if the congers were out 
can reducc the use pressures that natura! hard-bottom areas endure. 

For the economy : 
artificial reefs are an element among others for the gestion : it 's possible to imagine zones 
selected for tourism, anglers, divers (many things have already be done in the USA) but 
also on link with aquaculture. 

Artificial reefs and aquaculture : 
we have seen that ane of the best reef was the shellfish longlines, and some studies show 
the movements of fish between coastal front, reefs and allotments 
wc could imagine many possibilities for extensive aquaculture for example : to catch 
sa vage juveniles and put them in reefs zones, or us c juveniles from aquaculture 

Actually, 3 other parts have a project of immersion, and an important program of study will 
take place on Aigues-Mortes Gulf. But we are in the bcginning of the work on artificial reefs. 
Many collectiviscs from the other french regions are interested. It 'stime to engage partners 
in same new dircction and to narrow fisheries and cxtensive aquaculture. 
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lmpact des recift artificiels de Marseillan e.t d'Agde sur le milieu marin et la peche profe.ssionnelle. 

Tableau 31 : Comparaison des donnees biologiques disponibles sur les recifs artificiels en Mediterranee lian~ 
pour les peuplements ichtyologiques (modifie d'apres Charbormel & Franrour, 1994a et b ). - = donnee manquante. 
Volontairement, certaines especes n'ont pas ete prises en compte (microphages, especes cryptiques, Girelles). Les 
donnees ne sont done pas ex.actement identiques et seuls les ordres de grandeurs doivent etre consideres. Concernam 
le present suivi, nous avons de!ib6-ement exclu les densites de Gobies et de juveniles de Pageots qui masquaient 
l'importance des autres especes. Pour les biornasses, deux chiffres sont consideres : biomasse totale et biomasse sans 
les Congres (entre parentheses). 

Region Recifs Richesse Nb especes/ Densite Biomasse 
specifique rcleve (indJm3) (grJru3) 

Languedoc Buses 7.1 m3 Mars. (1992) 12 a. 17 7.7 3.9 9167(475) 

(present suivi) Buses 7 .l m3 Agde (1995) JO ill4 6.6 3.6 7 080 (524) 

Geants 158m3 Agde(1985) 10 - 0.4 199(12) 

Co min l 0.4 m3 Agde( 1985) 7 - 1.4 733 (24) 

Cote B1eue Alveolaires (1983) 35 a 37 18.1 a 18.9 2.8 a 3.0 144 a 179 

(Ody, 1987) 
Cubes 2m3 \1985) 22 a 2s 1o.8a 11.4 0.7å 1.0 82å 116 

Geants 158m (1985) !Sil 24 7 a 7.3 0.1 a 0.2 53 17 

Cote Bleue Cubes 1.7 m3 (1989) 26 a28 13.7 a !6.2 2.0 a 4.4 277 a 421 

(Charbonncl & 
Geants !58 m3 (1985) 18 7.9 a u 0.14 . 24 a 94 
Cubes+Geants !58 m3 22 å 25 13.4 å 16.2 u a 3.2 !06a464 

Franco ur, I 994a) (1985/89) 

Alpes-Maritimes Alveo!aires (1983) 19 l O.l 2.7 . 556 

(Charbonnel, 1989, 
Pneumatiques ( 1982) 3'1 17.1 !.5 191 

Cubes 1m3 (1985) 2s a 35 I4ai9.7 1.2 a 2.0 345 a 384 
1990) Cubes 2 m3 (I 985) 20 å 27 8å!!.4 0.4 a u ss a 279 

Cubes+A!veo (1983/85) 24 d32 · 10.1 a ts.s o.s a 1.2 189 a 279 
Geants I 58 m3 (I 986) 9 a 1 s 4.2 å 8.2 o.os a o.2 7327 

Monaco Alw'olaires (1977 a 83) 4:\13 - - 2 å 62 

(Bamabe & 
Blocs (1977 a 83) 9 a 12 - 2.9 a 7.9 94 a 212 

Chauve~ 1990) 

Port-Cros Cubes l m3 + Alveo 32 å 38 I l.S a n.s 2.6 a 3.7 -

(Ody & Harmelin, 
(I 985/89) 

!994) 
-· 
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6. lntegrated Coastal Management and Mariculture 

6.1 The Concept of lntegrated Coastal Management 

The United Nations Conference on Environment and Development (UNCED) established 
Agenda 21 which forms an international plan of action to promote wise and sustainable use of 
the earth's natural resources. Section 17 of Agenda 21 deals specifically with the resources of 
the seas and give priority to the development of integrated approaches to coastal zone 
management as the primary means of achieving sustainable use of marine and coastal areas 
and resources. The resources generated by coastal ecosystems sustain many different forms 
of human activities. Mariculture is ane of !hese activities. 

The term lntegrated Coastal Management is used to describe a continuous and dynamic 
process that unites government and the community, science and management, sectoral and 
public interests in preparing and implementing an integrated plan for the protection and 
development of coastal systems and resources (GESAMP, 1996). 

The l CM process is explained by C hua Thia-Eng as follows: 

"l CM provides the opportunity to allow policy orientation and development of management 
strategies to address the issue of resource use confiicts and to central the impacts of human 
intervention on the environment. It provides institutional and legal framework, focuses on 
environmental planning and management, coordinates various concerned agencies to work 
togethertowards a common objective. Sectoral planning and management is still essential bul 
should operate within the general framework of ICM. Maintaining species habitats, natural 
resource base and management ofdevelopment processes are part ofiCM programme". (Chua 
quoted in Clark 1992). 

The concept of integrated management of human activities within a sovereign nation has two 
major dimensions, namely: 

1. The vertical integration of the process of governance in the form of policies, 
management arrangements and development plans from national through to locallevels 
of government. including community bas ed approaches to coastal management. 

2. The horizontal integration of policies, management arrangements and development 
plans across national, provincial, district and more locallevels of government, as well 
as among different interest groups with common interests in coastal areas and 
resources. 

At the internationallevel, the va lue of l CM in ad dressing economic, social and environmental 
development issues is refiected in the UNCED Agenda 21, Section 17 which gives priority to the 
development of l CM strategies and management plans as a means of promoting the wise and 
sustainable u se of marine resources. Section 17 emphasises the integrated nature ofterrestrial 
and marine systems and the need to improve the management of human activities which 
adversely infiuence the linkages between !hese two realms and reduce their ability to sustain 
human development pressures. 

l CM is a management tool which can contribute towards the following benefits: 

1. F acilitate sustainable economic growth ba sed on natural resources. 
2. Conserve natural habitats and species. 
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3. Control of poll uti on and the alteration of shorelands and beach fronts. 
4. Control of watershed activities !hat adversely effect coastal zones. 
5. Control over geomorphological changes in coastal systems resulting from excavation, 

min ing and other alteration of coral reefs, water basins and sea floors. 
6. Rehabilitate degraded resources. 
7. Provide a mechanism and tools for rational resource allocation. 
8. Control of the re lease of ballast water to prevent the introduction of pest species and 

diseases. 

All these require coordinated action. Coordination can be fostered through the development of 
awareness on the parts of different parti es oftheir common dependence on co as tal resources 
and benefits that can be ga i ned by cooperating in the resolution of common problems and the 
avoidance of conflicts. Awareness, cooperation, and coordination are stepping stones to the 
development of effective integrated planning and management. 

The recent conference on Lessons Lea med from l nternational Experience in l CM held in Xiamen, 
China concluded that it was appropriate to consider l CM as a dynamic process in which it is 
desirable to: 

1. Start at the local level and focus on priority issues in developing l CM. 
2. To bu ild expertise in l CM at the local community and governrnental agency level. 
3. Develop local "ownership" of the l CM plans and management strategies. 
4. Provide national support for local, district and provincial/state ICM initiatives. 
5. Develop national l CM policies, strategy, and management guidelines. 

The European Union is currently supporting 35 demonstration projects on integrated coastal 
management, many of which have come about as a result of major concerns over conflicts 
arnong different activities, including rnariculture, and the need for stronger management 
strategies and plans to avoid future conflicts. The case study on Bantry Bay, Eire is one ofthese 
demonstration projects and presents a good illustration ofcomplex co a stal management issues 
surrounding the sustainable development of mariculture and other fisheries (see Section 6.3). 

A thematic evaluation of the 35 demonstration projects on l CM has recently been initiated in 
order to provide the European Union with information of good practices which support the l CM 
process. Examples of the integration ofmariculture into coastal management are provided in 
the Case Studies in Section 6.3. 

To be fully effective, l CM requires access to sound scientific information and advice which will 
be effective in addressing coastal development issues. It will also require well trained 
professionals with interdisciplinary skills and a wide body of public support. Establishing and 
maintaining such support requires active participation of a wide cross section ofinterested and 
affected parties, including coastal communities. These are commonly referred to as 
stakeholders. · 

Agenda 21, the work of GESAMP and other recent developments have established a useful 
framework for the WGEIM to hel p to establish principles and practical procedures for use in 
developing sustainable mariculture. These can include local, or "bottom-up" mariculture 
strategies that enable coastal communities to improve their economies as well as the 
development of national, or "top-down", coastal management strategies that provide the 
framework and support to enable local initiatives to succeed while protecting the integrity of 
coastal systems 

1999 WGEIM Report A9 - iii 



6.1.1 Goals and objectives of ICM 

The overall goal ofiCM is to ensure optimum and sustainable use ofcoastal natura! resources. 
Related goals include the maintenance of high leve Is of biodiversity and effective conservation 
of critical habitats. These goals help to conserve the natura! resources that sustain food 
supplies and maintain the economic and social welfare ofcoastal communities. Management 
objectives which will support !hese goals include, for example, supporting the development of 
mariculture and cap ture fisheries, protecting the community from the ravages of storm surges, 
attracting tourists, promoting public health, maintaining yields from mangrove forests, and 
protecting coral reefs. 

Resource management and environmental conservation which provide the motivation for l CM 
are not incompatible with economic growth. In fact, enhanced long-term economicdevelopment 
may be the overall driving force of ICM. Advocates of ICM must ensure that it is not perceived 
as having negative impacts onjobs, revenue, orforeign exchange. lfsuch negative perceptions 
occur, the development of l CM initiatives would not be able to survive even the initial planning 
stage. 

6.1.2 Consistency of the goals of ICM with mariculture and capture fisheries 

The goals of l CM are entirely consistentwith the objectives ofdeveloping sustainable mariculture 
and capture fisheries. However, there are specific obstacles to the integration of mariculture 
and, to a lesser extent, new forms of marine cap ture fisheries in to the l CM pro cess on an equal 
basis with other fonms of coastal development. These include: 

1. Perceptions among certain interest groups/stakeholders that mariculture will cause 
degradation of coastal environments and will cause disruption to other activities, 
including capture fisheries, tourism, navigat'1on. etc. 

2. lmposition of controls over mariculture which impose constraints which are not applied 
to the same degree to other more established activities such as agriculture. 

3. Resistance to private controls over public resources. 

4. Changing the widely held concept !hat mariculture siles are owned, instead of leased 
ba sed on adequate performance required by the regulatory authorities (eg MOM system 
in Norway). 

The se issues have been identified in the July 1995, April, 1996, March 1997 reports ofthe ICES 
Working Gro up on Environmentallnteractions of Mariculture. These obstacles can be overcome 
through concerted efforts to: 

lmprove our scientific understand ing of the functions performed by different coastal 
ecosystems, the resources they generate and how !hese functions and resources 
sustain mariculture and other fisheries; 

• develop methods and techniques for the monitoring and evaluation ofthe coastal zone; 

• develop more balanced perceptions of the potential beneficia l economic, social and 
environmental effects of well planned and managed mariculture development; 
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o developing a more level playing field on which mariculture can compete equitably with 
other forms of natural resources development activities in coastal areas; 

o developing the awareness of decision makers, planners and managers from different 
sectoral agencies that they have a common interest working with fisheries interests in 
promoting the conservation of coastal ecosystems; 

o achieving a shift .in emphasis away from coastal development based primarily upon 
controlling the end u se of resources deri ved from coastal ecosystems and a shift toward 
a more balanced approach where emphasis is given to maintaining the health and 
productivity of coastal ecosystems so that they can continue to supply flows of 
resources that sustaindifferent forms ofactivity, including mariculture; 

o developing multiple u se management approaches to the u se ofcoastal ecosystems and 
resources which allows different sectoral agenciesto meet their economic objectives 
without adversely affecting their respective economic objectives or the ecosystems that 
hel p sustain their economic activities; 

developing policies, plans and management strategies that seek to optimise the 
sustainable u se of coastal are as and renewable resources to meet social and economic 
development objectives. 

These are by no means simple tasks. There have been major advances in promoting the 
concept of wise and sustainable u se of co as tal systems through the adoption of international 
trea ties and conventions. The legal and administrative opportunities for achieving sustainable 
coastal system development are greater today following the United Nations Conference on 
Environment and Development (UNCED) which stimulated broad political agreements 
concerning international and national sustainable development goals. Section 17 dealing with 
the marine environment from Agenda 21 from U NCED sets out the strategic ro le of inlegrated 
coastal management as a means of implementing sustainable coastal and marine resources 
development. 

The FAO Code of Conduct for Responsible Fisheries sets out guidelines for sustainable 
fisheries. Article 1 O deals with the integration of Fisheries in to Coastal Area Management. 
Howeverthere is no article dealing with the integration ofmariculture into Coastal Management. 
While the re are general policies and same practical guidelines, the implementation ofwise and 
sustainable forms of co as tal system u se continues to be constrained by low levels of awareness 
of the social and economic value of coastal systems and a shortage of people trained to plan 
for and, man age the sustainable human use of coastal ecosystems. 

This report bu il ds upon the recommendations set out in previous Working Group reports and 
makes a case for strenger integration of principles and practical measures for the promotion of 
sustainable mariculture and fisheries management into the process of integrated coastal 
management (l CM). 

The advantages of the inclusion of mariculture in the coastal zone planning are far beyond its 
economical and financial values. Provided that same elementary precautions are taken, 
mariculture can act as: 

a renewable resource-based activity which can be easily sustainable; 
a additional and diversified source of seafood and primary products to complement 
capture fisheries; 
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• a guarantee of good water quality, the main integrating element in coastal resource 
systems, because mariculture is quickly affected by a ny deterioration in environmental 
quality, and thus; 

• a protection against the threats from less environmentally friendly industries. 

Mariculture is ofgreat va lue in developing, planning and managing the coastal zone in terms ot 

• land use and occupation; 
• population welfare and stabilisation; 
• best uses of renewable resources; 
• preserving environmental quality. 

ICES is therefore encouraged to p rom o te the pro-active integration of mariculture into the l CM 
process through supporting initiatives to: 

• strengthen the contribution of mariculture/fisheries science in betler informing the 
process of planning for, and managing, mariculture as an equal partner in l CM; 

• support initiatives to enhance public perceptions ofthe positive economic, social and 
environmental benefits which can be derived from sound planning and management of 
mariculture; 

• supporting linkages between mariculture and tourism; 

• providing materials to educate the public a bo ut mariculture, and its requirementfor high 
environmental quality; 

• provide management tools for assessing the interdependence and external effects 
between stakeholders in the coastal zone; 

provide advice on management tools appropriate to reallocate resource-rent and 
safeguard against overcapitalisation and over exploitation of the resource. 

6.1.3 The integration of mariculture into the coastal development process 

Mariculture represents a relatively new activity in many countries which has to establish rights 
of access to coastal are as and resources in competition with other more established activities. 
In France for example, mariculture activities prevailing within the coastal zone represent 
approximately 1% of the total economic from all activities in coastal communities. Fish larming 
represents on ly 0.1 %, while a much greater share come from tourism activities (around 85%). 
As a result of the present modest contribution from mariculture, more established activities often 
receive more politi ca l recognition and technical support from governmental agencies. A major 
challenge is therefore to create conditions where mariculture is given recognition for the 
contribution it can make the expansion and diversification oflocal as well as national economies 
and to ensure that opportunities to develop mariculture will remain open to future generations. 

6.1.3.1 Mariculture and its place in coastal development 

Modern mariculture is diversified and the supporting technology has evolved quickly. It is likely 
that itwill remain more diversified than agriculture. Rapid technological development means that 
aquacultural systems that exists nowadays will evolve rapidly. Nobody knows about the 
systems thatwould prevail in 2020-2030, butthere is broad agreementthat, given the axiomthat 
every man will eat the same amountofmarine products in the future, mariculture outputwill have 
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to increase substantially to meet such demands. This will accelerate pressures on coastal 
resources and will increase the importance of !aking pro-active steps to integrate mariculture 
into coastal planning in order to avoid detrimental effects itcould bring, to avoid adverse impacts 
on mariculture that res ult from poorly planned and managedactivities in other economic sectors, 
and to avoid major confiicts which could lead hinder its acceptance by the public. 

When we speak about confiict resolution, it means !hat we have al ready failed to adequately 
develop the integration of competing activities in to coastal zone management strategies, plans 
and management arrangements. Pro-active approaches to the integration of mariculture into 
the integrated coastal management process are the only logical way to avoid conflicts arising 
and to maintain fu ture options for the sustainable expansion and diversification of mariculture. 
In planning for and implementing sustainable mariculture we face a problem similar to the 
"tragedy of commons" in that many of the coastal resources which mariculture depends upon 
are common property and unregulated competition will lead to their over-exploitation. 
Unfortunately, most planning and legislative systems have been established to protectexisting 
activities and it is difficult to establish a level playing field in which mariculture is given equal 
rights of access to and u se of coastal and nearshore marine areas and resources. As a new 
form of development, mariculture is aften subject to leve Is of control and standards which are 
not applied to existing development and are not be particularly beneficia! to the integration of 
mariculture in to coastal management plans. 

O ne of the key issues in addressing !hese issues is how to improve the transfer of scientific 
knowledge concerning the benefits of mariculture to social systems and how to accelerate the 
evolution ofthe institutions which support the integration ofmariculture with other activities which 
compete for coastal and nearshore marine locations and resources. Figure 1 illustrates the 
accelerating gap that has been developing between advances in scientific knowledge and 
technology and their integration with social systems and the development of institutional 
arrangements to make full and effective use of new knowledge and skills. lf we do not 
appropriately address !his question society incur major losses of opportunities to meet 
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increasing needs for marine protein, as well as the diversification of rural economies -losses 
never to be recovered. Therefore, when addressing the question "how to en sure equal access 
to and uses of resources for mariculture" we must adopt an ecosystems perspective that will 
maintain the functions and resources that sustain mariculture and innovative planning and 
management systems that will hel p meet the multiple objectives for sustainable use coastal 
zones. 

One important point in the context of integrating mariculture in the coastal zone is the need to 
enhance the interaction between natura l and social scientists, and policy makers, planners, and 
managers. Each ofthese lattergroups require information in a format understandable to them. 
Thus the information and management recommendations from scientists must be as simple 
as possible and relevant to the needs of the user community. 

6.2 The lntegration of Scientific and Management Information on Mariculture in to the 
ICM Process 

6.2.1 Background 

The effective integration of mariculture into the l CM pro cess must begin with a clear recognition 
of the role of mariculture in coastal development. This must be complemented by the early 
integration of scientific information from the natura! and social sciences into the process to 
provide a sound information base from which to identify options for mariculture development 
within an integrated coastal management policy, incorporating resource allocation strategies, 
spatial plans, regulations, monitoring and control, as well as more adaptive management 
systems, which are capable of responding to changes in the natural environment. 

A major difficulty in integrated advances in science towards the sustainable development of 
mariculture is the transfer of new information into the development of social systems. This is 
compounded by the slow rate ofthe development ofthe ca pa city ofsectoral institutions to ad apt 
to the integration of different forms of development which compete for access to, and use of, 
coastal resources. This is illustrated by Figure 1, the comparative evolution of the various forms 
of progress. 

Figure 1 illustrates the rapid evolution of scientific and technological information. Progress is 
not necessarily constant, bul is continuous. This progress is aided, in part, by the limited and 
often well-defined topics hand led by the scientific community and the u se of new technologies. 
It also appears that social progress evolves along a si mi lar path, but at a lower rate. There is 
consequently an increasing gap between the development of new scientific information and 
technology and the in corporation of this new knowledge into social systems and institutions. 
This may in part be due to the natura l resistance to innovation that prevails in many human 
societies. This gap is often a major source of confiicts, which may be exacerbated by the 
stepwise development of institutional progress. 

The rapid advance of mariculture technology has not been matched by the development of 
institutions to effectively integrate its development into society. The dynamic nature of the 
technological development of mariculture has progressed more rapidly than the development 
of the institutional framework necessary to en sure its sustainability. In parallel with !his failure 
to convert scientific know-how into sound regulations, there has been an increase in public 
concern arising from limited understanding ofthe ro le of mariculture in coastal development and 
in meeting social needs. New institutional mechanisms are required to en sure that mariculture 
is provided with equal rights of access to co a stal resources, and to avoid confiicts between other 
forms of human activity and mariculture development. 
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6.2.2 Constraints on the sustainable development of mariculture 

Recent analyses have suggested !hat there is little likelihood of significantly increased yields 
from capture fisheries. Mariculture can play a significant rele in hel p ing to meet current and 
predicted demands for marine protein. Figure 2 illustrates the potential for increasing 
mariculture production by the year 2020. This development path is supported by rapid increases 
in productivity and technological development leading to more cost-efficient production offish 
and shellfish in culture systems. This can help diversify and expand the economic base of 
coastal zone communities, increase the economic benefits of mariculture to the coastal zone, 
but also increase the dem and for suitable production siles. Competition with other forms of 
development in the coastal zone can be expected to increase. l ntegrated coastal management 
can be used to avoid potential confiicts and support the sustainable development of mariculture. 

A basic objective is to ensure that natura l systems which sustain mariculture, capture fis heri es 
and other activities are protected and that society can capture the economic benefits from the 
utilisation of the coastal resource base. The development of activities in the coastal zone is 
most aften demand driven. Formariculture, the driving forces are political in the sense thatfood 
security, housing and employment in rural are as and the basic growth philosophy are legitimate 
policy objectives in most countries. 

A socio-economic assessment of the rele of mariculture is needed to establish the relative 
importance of this sector in maintaining the viability of coastal communities. National and 
regional input-output models are made for national income accounting and prediction in most 
countries and may be used for estimating the consequences of a rise in production in 
mariculture on income, employment, indirect taxes and exports. These models are presently 
be ing developed to include the external effects of pollution and changes in the quality/stock of 
natura! resources (green input-output models). This work is notyet at a stage where it is directly 
applicable, but !his work should be undertaken. 
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We have briefly discussed the development of"ownership" and the resistanceto private control 
over public resources. Both statements touch on the paramount question of "property rights" 
crucial to CZM. The property and rights regime of the coastal zone can grant exclusive rights 
to individuals, groups or what is known as non-property (ie an open-access regime). 

Bromley (1991) suggests that "Property is not an objectsuch as land but rather a right orgroup 
of rights to a property stream that is only as secure as the duty of all others to respect that 
stream". This approach applies to all kinds of natura! resources and is therefore also applicable 
to mariculture sites and the right of aquaculturists to intake ofwaterfrom natura l water sources. 
WP Davidse et al. (1997) states that rights are considered as "property rights" when they are 
exclusive. Davidse et al. (1997) identifies three types of property rights 1) state property; 
2) private property; and 3) common property. O pen access can be seen as a situation of non
property. They also identify that management of natura! resources aimed at restricting the 
exploitation of a resource has created property rights to individuals and groups of individuals. 
This have implication for the structural development of the mariculture industry as well as 
decisions taken by the enterprise. The study by Davidse et al. (1997) analyses property rights 
offisheries and their effects on the industry and on the effectiveness offisheries management 
policy. Similar problems have arisen in the mariculture sector, as the property rights regime 
may not have been explicitly decided upon be fore the management schemes are implemented. 
This creates unintended effects in the structural and economic development of mariculture. 
Three of the conclusions may be cited he re: 

• Management systems tend to evolve unavoidably in the direction of individ u al property 
rights regimes from the moment that limitations has change into rights and vested 
interests have arisen. 

Property rights do not have advantages in themselves, but they have to be considered 
against a background of preferences and attitudes of policy makers and fishermen. 

Under a regime of individual property rights, effective protection of the rights leads to 
proper protection of the fish stocks (W P Davidse (Coordinator), H Harmsma, 
MO van Wijk, V McEvan, N Vestergaard, H Frost, Property Rights in the Fishing Effects 
on the industry and effectiveness forfishery management policy, Onderzoekverslag 159, 
LEI-DLO, November 1997). 

6.2.3 The use and misuse of sc_ientific information in resolving conflicts between 
mariculture and other activities 

In the 1997 Working Gro up Reportwe drew attention to the "Tension" created a mang competing 
interests in the Coastal Zone. We wish to re-iterate this process as it has shown subsequently 
to be of increasing significance in several jurisdictions (as exemplified by case histories 
discussed atthis meeting). ltwas outlined !hat, in the past, the environmental regulations related 
to mariculture were built on a reactive process rather than a more constructive, pro-active 
approach. This is o ne reason why over-regulation in responsa to public press u re built-up aften 
follows a pioneering period. l !is recognised that public reaction to a ny new form ofdevelopment 
is often conditioned by a limited understanding of the potential positive and/or negative effects 
of !hat development. This misunderstanding can be increased because interest groups who 
may oppose the development aften em play non-scientific information in forming their opinions 
and may misuse information to strengthen supportfortheirviews (see Box B in Fig. 3). This can 
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mi s-in form the general public creating entrenched positions where sound scientific information 
is not used to good effect in pro mating sustainable economic and .environmentally respons i ble 
development. This will cause adverse and unnecessary pressures on the coastal resource 
uses, including mariculture, and on the decisionprocess. ltalso contradicts the principle of l CM 
in building consensus based on best available knowledge (pathway C in Fig. 3). It therefore 
seems necessary in the future to strengthen the rele offactual reasoning in the entire process 
by earl y promotion of direct inputs from Box A to Box Band simultaneously from the Planning 
and Management P recess into Box B. At the same time, the tension pressure in D should be 
put through a quality assurance path (objectivity gateway) befare final ising the res pense to either 
the pro-active science-based improvement p recess or the developer (pro poser). 
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There is very strong evidence that mariculture will develop regardless of current constraints, 
such as competition for access to resources and adverse environmental conditions caused by 
poor standards of environmental management of other coastal activities. lf positive steps are 
not laken to make more effective use of available scientific and managementknowledge on how 
to integrate mariculture into the l CM process there is a grave danger ofmounting conflicts and 
loss of potential economic, social and environmental benefits to current and Mure generations. 

The report of the ICES Working Gro up on Mariculture Environmental interactions recommended 
in its report on Coastal Management of March 1997 that: 

"l CES should adopt a pro-active approach to the application of good science to betterinform the 
formulation of mariculture policy and the process of planning for and developing mariculture 
within coastal regions. This will pay greater dividends than being enmeshed in sorting out 
conflicts which in the main are avoidable". 

Since this report was written the Council of Europe has produced a draft Model Law on 
lntegrated Coastal Management and draftGuidelines on lntegrated Coastal Management. The 
draft Model Law is fra med in the style of a policy which may form the basis for a new Directive 
on lntegrated Coastal Management. The draft Guidelines provide little information which could 
assist coastal managers in working with mariculture interests in developing sustainable 
production. Both documents would be enriched through the incorporation of sound scientific 
information and management guidelines which would facilitate the integration ofmariculture into 
the coastal development process. 

6.2.4 Examples of local and regionaiiCM initiatives 

There are planning initiatives and procedures in place in a number of countries to aid the 
process ofintegrated coastal zone management. These procedures are designed to em power 
local participation in the planning process, enhance dialogue between stakeholders, and le ad to 
agreed frameworks within which development can proceed. 

These procedures have been discussed previous reports from WGEIM. They include the Sea 
Loch Framework Plans (Scotland) in which mariculture as integrated with spatia l plans at a 
detailed level, and broa der schemes such as SUCOZOMA (see the country report for Sweden 
in the 1998 WGEIM report), and LENKA (Norway). 

LENKA works at a regionallevel, and the capacity for mariculture production was originally 
estimated by indices indicating the assimilative ca pa city for differenttypes of water bodies. This 
production ca pa city can now be simulated by a mod el which is part of the MOM-system. MOM 
has the main emphasis on sile level, butwork is being done to merge the LENKA and MOM into 
one system, which also include a GIS programme. 

6.2.4.1 The St Abbs and Evemouth voluntary marine reserve 

The on ly Scottish Voluntary Marine Nature Reserve is at St Abbs in Borders Region. This was 
established in 1984. It extends along the coast from Thrummie Carr north of St Abbs Head 
down to Luff Hard north of Eyemouth. The offshore boundary Iies along the 50 m depth contour. 
Since 1980, the headland has been under the ownership ofthe National Trustfor Scotland which 
manages it with the Scottish Wildlife Trust. The Harbour are as of both St Abbs and Eyemouth 
are under the jurisdiction of the Harbour Authorities and the seabed is owned by the Crown 
Estate Commissioners. The sublittoral environment around St Abbs has been extensively 
studied because of the clarity of the water and because access is often easy. The main 
interests are the grazer-dominated communities and the deep rock communities that occur 
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relatively close inshore. The northern nature of the marine life reinforces its interest. In addition 
the geology of this area has resulted in steep cliffs which have made this area of major 
importance for sea birds. 

A Joint Management Committee has been set up which is responsible for producing a Gode of 
Conduct dealing with publicity, educational material and the operation of the Reserve. The 
committee is made up of representatives from Sub-Aqua clubs, Fisherman's Associations, 
HarbourTrusts, the Marine Conservation Society, Community Councils, Scottish Wildlife Trust 
and the National Trust for Scotland (Gubbay, 1988), 

6.3 Examples of the lntegration of Mariculture into Coastal Development Plans 

The expansion of mariculture in coastal areas will continue, mainly because of its socio
economical benefits to remote coastal communities, the increasing demand for fish and the 
downward trend in fisheries activities. The absence of mariculture, as an equal partner, in the 
lntegrated Coastal Management (l CM) could result in a defensive approach to its development, 
with potential unnecessary negative socio-economical and environmental impact. Forexample, 
the allocation of sub-optimal siles or u se of sub-optimaltechniques to a veid conflicts, factual or 
perceived, with traditional stakeholders of the coastal zone. 

The custodian rele of mariculture for the conservation of environmental health in co a stal zones 
has already been discussed in previous reports (ICES, 1994). The need for pristine 
environmental conditions for sustainable mariculture development should be sufficient to 
establish their important rele in lntegrated Coastal Management. Sile selection and 
management for mariculture activities in a coastal zone, in itself, provides a survey teol to 
evaluate the environmental conditions of the system. Monitoring ofmariculture site productivity 
is als o crucially beneficia l to the management of a healthy and productive co as tal environment. 
Existing, low~cost, monitoril")g programs for mariculture operations can be compared to the 
"canary. in the mine" for the coastal environment. Examples of such programs are the 
REMORA, REP HY and REMI in France, Oyster Monitoring Network and Shellfish Aquaculture 
Monitoring Program in Canada and MOMS in Norway. These mariculture environmental 
monitoring programmes are important tools !hat can contribute to the management of the 
coastal zone and the integration of mariculture into the ICM process. 

6.3.1 Richibuctou, New Brunswick, Canada 

Public participation in the development of coastal mariculture within the context of integrated 
coastal management, is clearly demonstrated in the case of the Richibuctou Project, NB 
Canada. This project is lead by Dr Andrew Boghen of the Universite de Maneten, with 
collaboration from federal, provincial, municipal, international and local stakeholders. Like most 
integrated coastal management projects, !his project involves the various stakeholders from the 
Richibuctou coastal zone, as well as an integration of all coastal activities, from tourism to peat 
harvesting and fisheries. Unlike other project ofthis nature, the Richibuctou areas is enriched 
by the existence ofthree different ethnic populations, Arcadians, Anglo-Saxons and Aboriginal 
peop[e. Historically, !hese three populations have had little to no interaction in community 
management. The Richibuctou project, therefore, has a unique opportunity to eliminate ethnic 
barriers and pro mote dialogue a mang stakeholders, through the concept of integrated coastal 
management. This is essential in ensuring full public participation in coastal management. 
Discussions on molluscan resource management have al ready provided same opportunities 
for the differentethnic communities to ga in infoiTllation on their respective socio~economical and 
cultural perspectives and concerns. This exercise has also proven beneficia! in promoting 
discussions on the interaction on various coastal activities, including mariculture, agriculture, 
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peat harvesting, fisheries and recreational or tourism industries. In the beginning, negative 
perceptions of mariculture activities resulting from the lack of o pen and respectful dialogue, was 
the dominant parameter in the management discussions. The mutual concern for healthy 
coastal environment, however, quickly became the common thread among various 
stakeholders, and progressively evolved into a positive discussion of themes ranging from 
environmental to economical development ofthe Richibuctou coastal zone. The development 
of mariculture in this area has played an important rele in the integrated coastal management 
approach. Healthy environment requirements, and community acceptance and collaboration 
for the development of the mariculture industry, provided the reason forestablishing the equal 
footing of all stakeholders. Being relative newcomers in the coastal zone, the mariculture 

-, industry was overly victimised by the perceptions of uninformed co-stakeholders, complicated 
by the ethnic bias. lntegrated Coastal Management in the Richibuctou area is providing the base 
for establishing an equal partnership for all stakeholders with the added value of opening a 
respectful dialogue among ethnic groups. 

6.3.2 Corsica: integration of aquaculture with other activities 

There are examples where the coexistence of mariculture and other activities, especially 
tourism, have been successful. On East coast of Corsica, lagoons are traditionally exploited 
by fishing and mollusc culture on floating rafts. For many years, !hese two activities operated 
together, with mutual respect. Sea bass farming appeared during the late 1980s and began to 
develop in !hese lagoons. Experimental studies and early monitoring, with special attention to 
disease transmission, proved that fish farm ing was not detrimental to bivalve culture, and bivalve 
culture was not detrimental to fish farm ing. Fish farming then continued to develop, through 
cage culture technology. The increasing intereston the utilisation ofthese lagoons, surrounded 
by biological reserves, led to an increase in the num ber of visitors, who could easily see a 
numberofdifferent activities in the same location. In order to exploitthis new"resource", a fish 
farmer decided to build a restaurant on shore. A tour was also organised, including the 
exploration of the natura l environment, a description of fishing techniques, and a vi sit to the 
mollusc and fish farms. Within a few years, the in come from tourism reached the same leve! 
than cyster and musse l culture. In that sense, mariculture and tourism have supported each 
other and demonstrated their compatibility. 

6.3.3 The Cherbourg Bay (France) experience 

This example shows that once the local authorities are convinced a bo ut the contribution of 
mariculture (in this case salmonid cage rearing) to employment and income, thewhole process 
can run itself. The institution in !hat particular case fil led the gap between social and science 
progress. The authorities (state representatives and local electives) decided to undertake a 
comprehensive study in order to es ti mate the carrying cap a city of the Bay. When that had been 
done properly by scientists, us ing mathematical models forexample, appropriate concessions 
could be defined and realised. During that period, concertation meetings had been held under 
the responsibility of local authorities themselves, eventually supported by scientists. This 
enhanced the chances for success. It must be emphasised that the local people had been 
"educated" for several years through a local association, funded by the Region and the 
Department, with the contribution of scientists. The same process proved successful for the 
implantation of artificial reefs in the coastal zone of the Languedoc-Roussillon region in the 
Mediterranean. 
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6.3.4 Japan 

The world leaders in maximising yield from l CM are probably the Japanese. The large coastal 
fishery/mariculture developments are part of a national government plan to meet the huge 
demand for seafood that exists in Japan. Government provides support of up to 50% for 
approved schemes. Local government prefectures have development responsibility and artificial 
reef building/coastal modification are controlled by local coastal communities with traditional 
ownership rights to exploit marine resources. The assessment of success is pragmatic and 
to a large extent, local. Have modifications to existing coastal features or placing of artificial 
reefs increased the yield ofthe lo ca l fishermen? Have they received significant benefit in terms 
of catch security, reduced fishing costs, increased saleable product. It appears that if local 
criteria are satisfied then the programme is deemed a success. 

The Japanese example is ofinterest butwill nottranslate directly into a western context because 
of the huge differences in social structure. Western l CM can learn from the examples of 
engineering and mod elling ski lis developed, the conflict resolution that is achieved, genera !ly 
starting from the coastal community and working up, rather than to p down, and the integration 
of aspects of ICM such as coastal defence and mariculture, artificial reef placement and 
mariculture. 

6.4 Enhancing Public Participation in the lntegration of Mariculture into.ICM 

It is important to have effective stakeholder participation in theformulation and implementation 
ofiCM strategies concerning mariculture development, bearing in mind the potential weaknesses 
of the participatory p recess, for example: 

• access or investment may be den i ed to more intrusive or insensitive outside interests; 
economies of sea le may not be achieved. With external effects, the private optimum 
(economies of sea le without including the external effects) is always higher than the 
social optimum; 

• management may be influenced by local political whim or prejudice; problems of 
powerful ve sted interests, eg lo ca l authorities. It is essential to make sure that regulatory 
and statutory arrangements include the right to appeal local decisions to higher 
administrative authorities; 
existing problems of over ca pa city may be difficult to reduce; 

• initiation of conflict resolution strategi es may encourage transfer ofissues to the conflict 
arena, which otherwise would not have been. Conflict resolution and mediation must 
always be viewed within the context of the overall integrated coastal. resource 
management process, which is iterative. 

6.4.1 Positive interactions among mariculture and other users of the coastal zone 

Public perception of finfish mariculture is aften influenced by negative assessments of the 
environmental impacts, aften citing earlier stud i es in the 1980's after which industry practices 
improved markedly. For example, the percent of waste feed and the use of antibiqtics have 
decreased by orders of magnitude. Recent monitoring programs in Maine and Washington, 
USA, and elsewhere, have documented an increase in biomass and abundance of benthic 
invertebrates and fish around salmen cages. These positive environmental effects need to be 
included in the environmental interactions of mariculture. Same ofthese positive environmental 
effects are illustrated in Figure 4. 
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Tvoe of Mariculture 

Fresh Nearshore 
Nearshore Nearshore Offshore 

Salt water shellfish shellfish finfish and 
Benefits water 

hatcheries 
fish farms 

suspension bolt om shellfish 
hatcheries (cages) 

culture culture culture 

Employment* X X X X X X 

Tourism revenue X X X 
Recreational fishing X X X X X 
Water quality X X X X X X 
Education X X X X X X 
Stock enhancement X X X 

*Employment includes rural development, transportation, packaging and appropriate income 
multipliers. 

Fig u re 4. Positive lnteractions Among Mariculture and Other Users of the Coastal Zone 

6.4.2 Overcoming negative public perceptions of mariculture 

Limited understand ing of the nature of the environmental implications ofmariculture have lead 
to public misconceptions which have been responsible for loss of opportunities for economic 
growth in some jurisdictions. The WG chairfeltthat the experience of the British Columbia with 
moratoria would be instructive in considerations of both the effective use of scientific information 
and in the dynamics associated with decision making in coastal zone management. 

One technique for conflict minimisation is to prevent the further development of an activity 
causing the conflict. Such a decision is often perceived to "hurt no o ne" and y et give both sides 
of a conflict something. The detractor stops development of an activity and the proponent 
continues to exist. The consequence of such a decision is, however, much broader in its 
implication in that it impacts on the total benefit society can achieve from an activity and at the 
same time it maintains the risk that conflict resolution may not be achieved. For some of the 
stakeholders, conflict resolution may be not their ultimate goal and an opportunity to achieve a 
negotiated and true balance of interests is lost. 

In many ways, the development of the sal mon larming industry on Canada's west coast is a 
good example of such a phenomenon. Public uncertainty a bo ut the environmental implications 
ofthe industry and the rapidity ofits development engendered considerable and understandable 
apprehension in the pub Iies view of the desirability of the industry. In 1987, in response to the 
public concerns, an inquiry (The Gillespie lnquiry) reviewed the opera ti on ofthe industryworld 
wide and in BC. This review was accompanied by a moratorium that lasted a few months and 
the creation of a Ministers' Aquaculture lndustry Advisory Committee composed of 
representatives of the industry and potentially competing coastal zone users. In 1988, questions 
about administrative fairness were reviewed in a report by the BC Ombudsman's Office. No 
moratorium occurred during this review and the report emphasised the need for integrated 
coastal zone planning with a mechanism for consensual dispute resolution. Over the same 
period, ICES and a num ber of other intergovernmental agen eies such as EIFAC and GESAMP 
reviewed the potential interactions ofmariculture and the environment. None ofthese reviews 
intimated that development of sal mon larming should cease or that the industry should be 
prevented from operating. In spile ofthis, government administration in BC prevented issuance 
of a ny additionallicences until itwas pre pa red to announce a formal moratorium in 1995. At this 
time, it permitted the issuance of a few of the applications it received and then issued a notice 
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of a moratorium which was supposed to last approximately nine months while another review 
ofthe environmental interactions of the industrywas undertaken. In 1997, the report from that 
review was delivered. While there were recommendations for modifying administrative and 
monitoring procedures, it was determined that the industry should be allowed to expand, albeit 
under new ru les. In the period 1988 to 1995, numerous other scientific reviews had been 
conducted in other jurisdictions which had reached !hese same conclusion. As ofMarch 1998, 
the moratorium had still not been end ed. With the exception ofthefew licenses let in 1995, there 
has been a de facto moratorium on salmen culture development in BC since the beginning of 
the decade. 

In 1990, BC was the !hird l argest producer of cultured salmen behind Norway and Scotland. In 
that time, Norway with a coastline similar in length and composition to BC has increased 
production more thatfourfold to approximately 315,000 tennes in 1997. Scotland with a much 
smaller coastline has al se increased production approximately four fold to 83,000 tennes in 
1996. Chile, which had lower production !han BC in 1990, today produces approximately three 
times as much cultured salmen as BC. Conservatively, the environmental and business 
constraints should have permitted similar growth however administrative concerns have 
permitted on ly approximately a 13% growth overthat period. BC production in 1996 was val u ed 
at $127,000,000 and might, if it had kept pace with world development been valued closer to 
$450,000,000/yr. Thatis a loss in turnoverofover$300,000,000 in 1997. Small er losses would 
have occurred in previous years butin total the loss ofeconomic activity to the province is likely 
in the order of a billion dollars in the 1990s due to constraints on sal mon larming. 

In addition to the monetary losses, a fundamental but de facto redistribution of power has 
occurred in the governmental administration ofmariculture. The trade off oftechnical and policy 
considerations has become very lopsided. In the absence of any technical information 
suggesting thatsignificant negative environmental effects would resultfrom the development of 
the industry, and in contradiction to numerous local and international reviews of the industry, 
significant growth in the industry has been prevented though the use of politically expedient 
moratoria. 

6.4.3 Case histories incorporating public participation 

6.4.3.1 Maine, USA- volunteer water quality 

In the late 1980's, some cyster farmers from the Damariscotta River, Mai ne, USA, had their 
harvesting interrupted by high counts offaecal co l iform bacteria in the water. Working with the 
University ofMaine Cooperative Extension Office, a local high school science class, a localland 
conservation organisation and the Maine Department of Marine Resources, they helped to 
establish a volunteerwaterquality monitoring program in the Damariscotta and St George Rivers 
in mid-coast Mai ne. The purpose of the group was to identify and eliminate pollution sources, 
mainly from waterfront house with feiling septic systems or overboard discharges. Since its 
start, the program now includes over 50 towns, hundreds of students and over 1,000 total 
volunteers, and has become a mod el for local involvemeht and stewardship for water quality. 
A water quality coordinating council composed ofrepresentatives from the mariculture industry, 
volunteers and regulators have helped to focus the goals in the US Food and Drug 
Administration's requirements for approved shellfish growing areas, emphasising quality control 
and certification ofvolunteers, sample collection for regulatory authorities, and more recently 
shoreline surveys for pollution sources and toxic phytoplankton monitoring. Currently, volunteers 
have doubled the sampling efforts along the Mai ne coast and have resulted in the reclassification 
of thousands of hectares of shellfish growing areas as approved for shellfish harvesting, both 
for the aquaculturists and the wild shell fisheries. 
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6.4.3.2 Bantry Bay. lreland 

The contribution of mariculture to the ICM process can be emphasised by highlighting its 
contribution to the economy of the coastal communities, enhancing rural stability and providing 
the impetus for l CM, which in itselfwill secure the rights of other user groups to access coastal 
resources. In lreland, mariculture is worth 55 million pounds per year, and Bantry Bay accounts 
for 50% of lreland's production. Thus, mariculture has a sound economic basis in ensuring 
sustainable development ofperipheral coastal communities, in accordancewith local Agenda 21 
initiatives. The presence of mariculture in an area highlights the need to ad dress the social and 
economic factors affecting the exploitation of a parti cut ar resource. 

The Bantry Bay Charter Project was proposed by the Coastal Resources Centre, in 
collaboration with Cork County Council and the Nautical Enterprise Centre of the Cork Institute 
of Technology. The proposal was awarded funding under the LI FE programme of the EU, 
started in September 1997, and will run for three years. 

The principal conflicts in the Bantry Bay area concern interactions with musse! farming. 
Between 1990 and 1997, licensing was not in operation, and the re was unregulated expansion 
of musse! farms. Man y of !hese farms were placed on traditional inshore fishing grounds, in 
particular scallop grounds. Farms consist of floa ting long lines, with blue flotation buoys. In 
addition, there is an accumulation of debris from the musse! farms, which entangle in fishing 
gear. Starfish settle out on the musse! bags, are removed, and then !arget the scallop grounds. 
Other issues include a need to licence spat collection from the shore, to reduce the risk of 
navigation hazard to other water users, to assess the carrying cap a city of the ba y, to provide 
treatment facilities for ballast and waste water from shipping (to the coastal quarry, to the oil 
terminal and the Klondykers). Also, the pier u sage should be such !hat it respects the needs of 
otherusers -fishermen, tourist, waterbased lei sure. In lreland, shellfish farms are not required 
to produce an EIS. In general, the development of a code of practice among the mariculture 
industry would have great influence on the public perception of the industry. 

The Bantry Bay Charter project is based on community involvement from the start, with the aim 
to en co u rage lo ca l management and ownership of a ny strategies developed. Existing 
sectoralism has led to conflict. The following are the conflict resolution procedures which we 
have adopted to date in the Bantry Bay Charter Project: 

1. All local stakeholders were identified and notified about the project. 

2. lnterviews were given to the local and national press, and national radio. 

3. Newsletters were circulated, introducing the concept of the project, the partners and their 
areas of expertise, and GIS as a decision support tool for sustainable management of 
coastal resources. 

4. A web page on the project was set up. 

5. Three introductory meetings were organised in different locations in the area. The 
concept of the projectwas outlined, a demonstration of a GIS for the area was given, and 
the mediators in conflict resolutions were introduced. 

6. Stakeholders were invited to filt out questionnaires to identifytheirsectoral interests, their 
main concerns and their willingness to contribute to a GIS. 

7. A second newsletter was circulated. 
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8. Two further rounds of sectoral meetings were held with the mediators. 

9. A GIS questionnaire was circulated and responded to. 

Conflicts tend to be over fixed resources. The conflict resolution mediators are identifying and 
isolating particular issues of conflict andpoints of agreement. These will be assessed by the 
project team, ideas for modification will be suggested and presented to the sectoral groups 
separately, then together. Thus, opportunities for and obstacles to bu ilding consensus will be 
determined, and areas of mutual gains will be emphasised. 

Through this method of conflict resolution, emphasis will be placed on consensus building 
through face to face discussions between contendingstakeholders. By addressing the needs 
of all stakeholders, the charter developed should produce stakeholder commitments that can 
be implemented, are pragmatic and can be maintained. The community should !hen bel i eve that 
a good precedent was set, and at the end of the project they should be left with a method to 
settle their differences in the future. lncreased participation of resource stakeholders in 
strategies developed is the key to managing the coastal resources in a sustainable manner. In 
the Bantry Bay Charter Project, the partners aim to convince. the people of the need for joint 
action, and to foster a shared vision. 

Fu ture steps include the establishment of a local stakeholder committee, a regulatoryauthority 
committee, and school visits. 

The stakeholders were informed of the use of GIS as a decision support tool for resource 
management, and emphasis was placed on the ability to overlay scientific, socio-economic and 
cultural data. lnvolving the stakeholders in the data contributions for the GIS emphasises the 
local ownership of the project and lo ca l empowerment. When the project partners have finish ed, 
this GIS will be transferredto the local authority offices for up dating, and will be housed in two 
locations in the study area. Bringing the GIS into the public arena emphasises the role of the 
stakeholders decision making by resource managers, while the GIS is also a powerful 
dissemination tool. 

National GIS data bases of mariculture siles could be established as a first step. GIS allows 
integration of in situ and remote sensing data. The iterative process of resource assessment 
is well suited to updating in a GIS. GIS facilitates ease ofintegration of socio-economics data 
with scientific data. 

6.5 Conflict Resolution 

The re are a num ber of factors which can give rise to confiicts, or can mitigate against their 
resolution. These include: 

• General complacency towards existing planning and management mechanisms which 
leads to apathy. 

• Lack of coordination between management in different sectors and on different spatia! 
scales leads to a feeling ofimpotence about what lo ca l interest groups/stakeholders can 
do. 

The need to perceive !hat a problem has reached an advanced stage of development 
befare action can be justified (lack of precautionary or pro-active !hinking). 
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• Lack of resources to permit small-scale or politically diffuse stakeholders to be 
represented. 

• Transaction costs may be so high, that the costs involved in the process may a priori 
invalidate the resolution ofconflicts through stakeholders participation. lfthe anticipated 
benefits of future changes are estimated to be lower !han the costs another solution 
(command and control) may be more efficient. 

• lf the stakeholders cannot be identified or are so numerous that the process is, a priori 
not valid, then another solution should be thought. 

6.5.1 Conflict avoidance versus conflict resolution 

A basic principle we propose is that greater emphasis should be given to Conflict Avoidance in 
the planning and management of mariculture. It is belter to avoid conflicts than to waste time 
and money resolving problems where attitudes/positions have become entrenched. This can 
be facilitated by the measures sel out in this document. However, attention must also be given 
tothefactthat many problems have al ready been created, many ofwhich impact on mariculture, 
which must be resolved. 

6.5.2 Practical techniques for the resolution of conflicts 

Examples of techniques for the resolution of confticts include: 

• 

• 

• 

• 

• 

Survey of attitudes of local people/stakeholders towards the coastal and marine 
environment/mariculture. 

ldentifying opportunities for change . 

Development of a Partnership with others in developing a management strateg y which 
promotes the integration of current and future u ses of a designated coastal area for the 
purpose of achieving a level of social, economic and ecological development for that 
area that is compatible with the principles of sustainable and equitable u se of natural 
resources (eg Solway Firth lnitiative). 

Need to encourage meaningful involvement from a wide range ofnon-statutory interests 
through small topic groups or sub-groups. 

Develop mechanism for sharing information . 

Encourage existing management arrangements to be more accountable and integrated . 

ldentify specific issues which ne ed to be resolved, and identify key actors/stakeholders. 

6.5.3 Collaborative management 

Some of !hese principles have been formalised into a system known as collaborative 
management. Collaborative management is based on the participation of all individuals and 
groups !hat have a stake in the management of a resource, This approach can be referred to 
as cooperative or co-management and is based on the following elements: 
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• 

• 

• 

All stakeholders have a say in the management of a resource on which they depend . 
This guarantees their commitment and participation, and permits the incorporation of 
their knowledge, aspirations, and experience. 

The sharing of management responsibility varies according to specific conditions. In 
some ca ses, much of the authority is in the hands of local community organisations; in 
other cases, much of the authority rests in the hands of a government agency. In 
virtually all cases a leve! of government continues to assume responsibility for overall 
policy and coordination functions. 

Social, cultural, and economic objectives are an integral part of the management 
framework. Particular attention must be paid to the needs ofthose who depend on the 
re source and to equity of participation. (White et al., 1994; Renard, 1991; Wells et al., 
1994). 

Co-management can be effective in fisheries development where government and fisheries 
interests have shared power and responsibility. This is accomplished mainly by linking the 
efforts offishers and aquaculturists as local resources dependent activities as long-term users 
of local ecosystems and/or as residents of a lo ca l area in which they have a particular interest. 
(Pinkerton, 1989) Pinkerton (1989) observes that co-management within a community with a 
goal of improving and protecting the fishery resources will generate benefits which are fed back 
into the community. This, in turn, reinforces the participation of the community in fisheries 
development and management and creates a self-perpetl,lating, positive feedback loop where 
the more that community does to improve the management of the resources, the more it 
benefits. 

6.6 The Challenge (Sense of Direction) 

The above discussion of integrated coastal zone management, with particular reference to 
mariculture and ICES suggests a numberofquestions and concepts which can form an outline 
framework for the further development of the subject. l CM is be ing increasingly adopted by 
nations throughout the world as a means of promoting sustainable development of co as tal and 
near-shore marine resources. ICES is encouraged to adoptthe concepts and principles of l CM. 
These are fully consistent with recent strategies within ICES which seek to integrate 
environmental and fisheries issues into co he rent policies which reflect the interactions within 
marine ecosystems and between user groups. 

The l CM framework is ca pa ble of supporting man y different forms of activity that concern ICES, 
and can provide a powerful vehicle for gre a ter integration of science into the natura! resource 
development and management process. The suggestions li sted below (Section 6.6.1) indicate 
steps that ICES (in the form of WGEIM) can take to strengthen the availability and utility of 
scientific information thatwill enhancethe sustainable and equitable developmentofmariculture. 

In addition to the forms of environmental interactions ofmariculture which fall within the expertise 
of the current membership of WGEIM, there are a number of other related scientific issues 
which need to be addressed in orderto ful ly inform the l CM process as itapplies to mariculture 
development. Such issues include: 

Effects of escapees 
lnteractions with birds 
lnteractions with marine mammals 
lnteractions with other wild populations 
lssues concerning ballast water 
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• 
• 
• 
• 

Concerns arising from poor management of low-lying coastal land 
Salinisation of groundwater and soils 
lntroductions and transfers 
lnterruptions ofcoastal processes (alterations to flow and sediment regimes, navigation, 
etc) 
lnteractions with coastal capture fisheries 

By ensuring that mariculture interests and interactions are more fully represented in the coastal 
planning process, it should be possible to avoid or reduce the adverse effects on mariculture 
resulting from poorly planned and managed coastal development. WGEIM therefore 
recommend that Mariculture Committee, Marine Habitat Committee (and others as may be 
appropriate) request that the appropriate Working Groups bu ild on this framework document and 
develop strategies thatwilllead to robustassessments ofthe significance ofthe interactions of 
mariculture within their fields of expertise and devel o p practical guidelines that will appropriately 
inform the ICM process. 

6.6.1 What WGEIM can do to further support and integrate mariculture into l CM 

A. Research 

Steps to integrate socio-economic and environmental dimensions. The two most important 
objectives for further environmental research in the coastal zone are: 

1. To provide cost-effective, simple monitoring measures to as sess all of the major classes 
ofenvironmental effects, eg organic inputs as from mariculture and pulp and pa per mi lis, 
municipal sewage, fisheries and agriculture wastes. 

2. To provide efficient and simple methods for predictive purposes in the coastal zone, eg 
models for predicting the holding cap a city of fish farm siles or which can match siles 
and the best resource use there. 

3. To develop management measures a ble to deal with multiple objectives and property 
rights issues suitable for sustainable management in the coastal zone. 

Every effort should be made to support environmental methods which meet !hese a bo ve 
criteria and in addition look promising bul require further research and development. 
Such methods include but are not limited to: 

1. Characterising sedimentary environments by acoustic devices such as side-scan sonar, 
multi-beam swath bathymetry, etc. 

2. Develop new methods for determining net organic inputs to sediments by measuring 
carbon, sulphide and redox. 

3. Develop simple methods for characterising marine eutrophication. 

4. Develop simple methods for monitoring or modelling water movement a specific siles. 

5. Develop further the u se of GIS in monitoring and predicting the optimal resource uses 
in the coastal zone. 
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6. Develop methods to determine the decay rates of organic deposition as a function of 
hydrography and bioturbation. 

There is also a need for regulators and scientists to define what is acceptable as far as 
environmental impacts are concerned, eg the absence of fauna in the MOM system. 

B. There is a need to compare difference l CM procedures, ie undertake some form 
of "intercalibration" of methodologies 

C. It is necessary to develop new economic tools for optimising multiple use of 
coastal systems and integration of competing activities 

Economics is basically husbandry with scarce resources to satisfy "unlimited" human wants. 
As the coastal zone is a limited resource and in short supply, the allocation between individuals 
and other user-groups may therefore be treated as a ny other economic problem where a choice 
has to be made. Every time a choice is made an opportunity is forfeited, and an opportunity cosi 
is incurred. 

The measuring rod for economic analysis is value in terms of money and the valuation of 
environmental goods has demanded the development of new economic tools forvaluation of in 
particular non-market goods (eg non-commercial recreational facilities). This valuation is a 
precondition: 

To identify or approximate optimum economic exploitation. 
• To demonstrate the economic importance of regulations. 

To evaluate the benefit of regulations by ex ante and ex post valuation. 
To include the non-market goods (or just quality of life) in national accounting. 

• To estimate the damage costs of over-exploitation and/or pollution (the insurance 
argument). 

• To compare non-market and market exploitation of the same resource (the conflicting 
use problem). 

The valuation of non-market goods is to be included together with the more standardised 
valuation ofcommercial enterprises in national accounting (input-outputtables and econometric 
models), cost-benefit analysis and bio-economic modelling. 

The economic models have as the primary objectives the calculation of the optimal economic 
return of natura l resources. Contra ry to other resources under individual property rights regime 
(private farmland, privateforests) the regulation of the coastal zone is a precondition for reaching 
a state of "optimal economic return". Free access inevitably leads to overexploitation, 
externalities and loss of economic return. Knowing !hese trade-offs between competing and 
conflicting objectives has therefore led to new approaches to the design of regulation in the 
presence of multiple objectives (Robert W Hahn, A New Approach to the Design of Regulation 
in the Presence of Multiple Objectives, Journal ofEnvironrnental Econornics and Management, 
17, 195-211 (1989)) and especially their costs to the regulated firms/public. 

Socio-economic analysis does not necessarily lead to the best possible economic solution to 
a planning and management problem, bul it offers an input which makes it possible to design 
cost-efficien!regulations and calculate the opportunity costs of second-best solutions. 
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6.7 Recommendations 

The preceding text has been written very much from the point of view of mariculture 
development and of the environmental interactions ofmariculture. WGEIM have recognised that 
a number of other important issues concerning the interactions of mariculture with other 
activities in the coastal zone have been addressed on ly at a broad and strategic level. This is 
particularly clear from the technical recommendations in section 6.6.1 above. WGEIM 
recomrnend that !hese other issues (see section 6.6 above) are referred to the appropriate ICES 
Working Groups with a view to !hese Working Groups contributing their expertise to this 
document to improve its balance and usefulness. 

The science ofintegrated coastal zone management is relatively new to both ICES and the wider 
community. WGEIM have indicated how the concepts inherent in l CM can be applied to ane 
specific activity in the near-shore environment, namely mariculture. The document that has 
been prepared indicates both the complexities of the problems, and routes to solutions. WGEIM 
recommend that ICES Committees consider whether a similar approach should be applied to 
other activities in the coastal zone that fall within ICES area ofexpertise, for example agg regale 
extraction, artificial reef construction, local fisheries management, fishing gear regulation, 
macro-algal harvesting, etc. 
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Appendix 10 

INTEGRATED COASTAL MANAGEMENT AND MARICULTURE 
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Discussion Pa per Concerning the Way Forward 

lntroduction 

The role of l CM has been discussed extensively and accepted in principle from previous WGEIM 
reports as an important tool to facilitate the integration of mariculture in coastal development 
The development of mariculture is aften the newest u ser to compete for access to valuable 
natura! resources in the coastal area. This development has been rapid and is expected to 
continue thereby leading to debate and potential conflicts with other coastal users. l CM is the 
tool for addressing !hese potential conflicts so as to manage the environmental impacts in the 
coastal zone, while optimising the u se of the resources. 

Although it is recognised !hat l CM is a socio economic process, the environmental consideration 
has a paramount role in the decision making process, and therefore will continue to be an 
important topic of discussion for the WGEIM. An attempt to maintain an information flow from 
the social, political, economical and ecological contexts ofiCMwill continueto be made, in order 
to provide a balanced position on the expansion of mariculture and its interaction with other 
coastal users. 

The WGEIM recognises !hat mariculture has played and continues to play a pivotal role in the 
advancement of l CM, mainly because it requires access to natura l resources in which property 
rights is a major constraint in an area (Coastal Zone) that is al most exclusively managed on an 
(open)Access System. l CM must, therefore, include evaluation ofaccess modality, given that 
apen access will not sustain the expansion of mariculture activities due to the increase 
competition for environment and space. 

As the principles for the integration ofmariculture in l CM structures are established, the role of 
WGEIM will include the review and recommendation ofenvironmental thresholds, monitoring 
techniques, predictive mathematical models, environmental quality objectives and standards, 
and otherinformation required for the integration ofmariculture in the l CM, within the context of 
optimising the use of the coastal resource. 

Objectives 

1. 

2. 

3. 

4. 
5. 
6. 

ldentify critical environment requirements for efficient and sustainable mariculture 
activities. 
ldentify the critical output of mariculture activities for the evaluation of its impact on the 
ecosystem. 
ldentify critical environmental outputs from other CZ users that can interact with 
mariculture. 
Evaluate and recommend monitoring methods and techniques. 
Establish a system for data gathering and analysis for all CZ users. 
Prepare predictive ecosystem models capable of analysing available data to assist in the 
management of the CZ. 

ldentify Critical Environment Requirements for Sustainable Mariculture Activities 

• 

Water characteristics (physical and chemical). 
Access requirements (space, security). 
Benthic characteristics. 
Geomorphological characteristics. 
lnterspecific competition (predation, competitor) . 

1999 WGEIM Report A10- ii 



ldentify the Critical Output of Mariculture Activities for the Evaluation of its lmpact on 
the Ecosystem 

• 
• 

Description of the farmed stock: density, biomass, average size. 
Sile characteristics: size, location, physical and chemical characteristics . 
Husbandry practices: feed characteristic, chemical use . 

ldentify Critical Environmental Outputs from Other CZ Users that can lmpact Mariculture 

Organic and chemical pollution from industrial, municipal and commercial transport 
sources. 

• Physical disturbances from commercial transport, fishing activities, space limitation and 
geomorphological changes (sedimentary habitat). 
Ecosystem disturbances from species introduction (including ballast water}, species 
extinction, disease and abundance changes. 

Evaluate and Recommend Monitoring Methods and Techniques 

Physical evaluation methods including the use ofsonarforsedimentevaluation (hydro
acoustic), water fiow and turbulence. 

• Chemical evaluation methods. 
• Establish a systems for data gathering and analysis for all CZ users. 

Standardisation of data from all users. 
Establish a GIS resource mapping capacity. 

Prepare Predictive Ecosystem Models Ca pa ble of Analysing Available Data to Assist in 
the Management of the CZ 

• Development of predictive 20 and 30 mathematical models of fish farming which 
integrate environmental physics, husbandry practice and environmental interactions. 
Assessment of holding and carrying capacity. 
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Appendix 11 

INFORMATION FROM FINLAND ON AQUACULTURE IN THE 
BAL TIC ARCHIPELAGO SEA 
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RESTING CYSTS OF ALEXANDRIUM SP., A PSP-PRODUCJNG DINOFLAGELLA TE 
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Resting Cysts of A/exandrium sp., a PSP-producing Dinoflagellate in Coastal 
Sediments off North East Scotland 

E Macdonald1 and s Heaney2 

'FRS Marine Laboratory, Aberdeen, Scotland 
2Current Address: SEPA East, Edinburgh, Scotland 

Paralytic Shellfish Poisoning (PSP) in the UK is aften attributed to the toxic dinoflagellate 
Alexandrium tamarense (Lebour) Balech. This species produces non-motile resting cysts as 
part of it's li fe cycle, which sink from the water column to the sediment where the y may rem a in 
viable for many years. lnitiation oftoxic blooms may be closely associated with germ i nation of 
cysts from "seed beds" into motile cells when environmental conditions are suitable, and !hese 
motile cells may provide the inoculum forsubsequent blooms. In order to hel p understand how 
bloom initiation may devel o p in different areas, it is important to map the distribution of cysts of 
potentially toxic dinoflagellates in coastal sediments. 

Dinoftagellate resting cysts were examined from sediment sample collected in the Moray Firth 
and Orkney Islands, both are as where PSP toxins have been detected, during November 1992. 
Sampling siles were chosen on the basis of previous PSP outbreaks and sediment type. 
Samples were collected by Day grab or Craib co rer depending on sediment type, and were 
examined in the Laboratory. All dinofiagellate cysts observed were enumerated and recorded. 

Total numbers of full cysts ranged from 80 to 2,320 cysts cm·' sediment in the Moray Firth and 
from O to 3,816 cysts cm·' sediment in Orkney. Cysts belonging to the genera Scrippsiella 
Balech ex Loeblich, Protoperidinium Bergh and Spiniferites Ehrenberg were most commonly 
represented, whilst Alexandrium cysts were found on ly atfour of the 25 stations sampled in the 
Moray Firth and 10 of28 siles sampled in Orkney. Highest numbers of Alexandrium cysts found 
were 39 cysts cm·' sediment and 80 cysts cm·' sediment in the Moray Firth and Orkney 
respectively. In Orkney, when Alexandrium cysts were present, they accounted for between 
0.2% and 14.3% of the total population of full cysts, and in the Moray Firth, forbetween 1.3% and 
4.2% of the total. Of the 1 O Orkney sites where Alexandrium cysts were found, on ly a tone si te 
did the y account for> 7% ofthe total cyst population. A Concurrent cyst study from the Humber 
to Aberdeen found highest Afexandrium cyst concentrations in the Firth of Forth, another area 
where PSP toxicity has regularly been detected, with maximum concentration of400 cysts cm·' 
sediment. In this area, the proportion of Alexandrium in the full cyst population w.as mainly 
between two and five except in eightsamples when they accounted for >1 0% of the total (Lewis 
et al., 1995). Further work is required to establish: 

• how cyst germination and subsequent growth of motile cells vary in different areas; 
if blooms res ult from in situ germination or an advected inoculum of motile cells. 

Sediment samples from the north and west parts of the Scottish coast have subsequently be en 
collected and examined for dinoflagellate cysts. The se data will be added to the east coast data 
to produce distributions of species composition and abundance in Scottish co as tal waters. The 
Orkney area has been re-surveyed recently, and !hese data will be used to examine any 
changes in cyst distributions. 
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WGEIM 1999 Recommendations 

The recommendations are num bered according to the section ofthe report from which they are 
derived. In many cases, additional explanatory information can be found within the relevant 
Sections. 

5. WGEIM in vite the Mariculture Committee to accept the following general expression of 
the proposed are as of activity ofWGEIM, within the general Objectives of Mariculture 
Committee to increase mariculture production and to encourage sustainable 
development ofmariculture. Individual Terms of Referencewould be viewed within this 
general framework. 

A. Collation of Information on Production Patterns 

This information is not currently available to ICES through any other raute and describes the 
basic structure of resource utilisation on which the rest of the work of WGEIM (and MC) must 
be based. 

B. Meeting Specific Requests for Information From ICES or Other International 
Bod i es 

The WG recognise this as a fundamental aspect of the work of ICES as a whole. 

C. Review of Information on Technological Change in Mariculture, lncluding the 
Utilisation of New Species, with Particular Emphasis on the Consequences for 
Production and the Environment 

This item meets the need to have adequate awareness in the se areas of implications of current 
and likely new developments in the mariculture industries. 

D. Review of New Research and Monitoring Programmes 

The emphasis in this task would be making accessible to member countries the products of 
completed programmes which might not be readily available (eg in the Grey literature), and the 
review of the trends and directions in research and monitoring priorities to inform MC and 
member countries ofdevelopments in scientific opportunities and activities, and public attitudes 
and concerns. 

E. Review of Monitoring Activities 

The purpose of this item is to ensure awareness of new environmental concerns, new 
monitoring targets and new monitoring methods as an aid to ensuring that mariculture is 
undertaken in sustainable ways. 

F. Review lssues of Sustainability in Mariculture, lncluding lnteractions Between 
Mariculture and Other Users of Resources in the Coastal Zone 

The aim in this item is again to support the development ofmariculture in ecologically (in a bro ad 
sen se to include other human activities) sustainable manner. O ne of the approaches thatwould 
be to incorporate mariculture in ICM structures. 
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6. WGEIM invite Mariculture Committee to acceptthefollowing proposal for a plan to collate 
information on the effects of mariculture activities in the Baltic Sea. 

WGEIM note that they cannot address all the issues that a rise from this request, and 
invite Mariculture Committee to directquestions relating to the effects ofre-stocking (see 
following table) to appropriate Working Groups. 

WGEIM recommend that it is als o necessary to take a range of socio-economic issues 
into account in coming to a balanced view of the ,consequences of mariculture in the 
Baltic Sea, and recommended that Mariculture Committee put mechanisms in place 
whereby the scope of the information to be included could be expanded beyond 
environmental matters. 

Effects of Mariculture in the Baltic Sea -A Plan 

lssue 

Location, scale and nature of 
fish larming. 

Nutrient releases direct o sea 
water. 

Nutrient releases in fresh 
water. 

Effects of re-stocking on: 

Stock size 
Population genetics 
Disease 
Other fish stocks 

U se and discharge of 
chemicals. 

Scale of impact on the sea bed. 

Transfer of diseases from 
farmed to wild fish. 

1999 WGEIM Report 

Approach 

Approach national members of 
Mariculture Committee. 

Estimata from current production 
levels and reasonable values for 
FCR, and place in context with 
other inputs of nutrients (data from 
HELCOM PLC3 programme). 

Estimata from current production 
levels (FAO database) and 
reasonable values for FCR. Make 
allowances for the !rapping of solid 
waste in takes, and for losses of 
nutrients in estuaries, and place in 
context with other inputs of 
nutrients (data from HELCOM 
PLC3 programme). 

Seek advice from other ICES WG, 
or from the Fisl1eries Baard of 
Sweden. 

Data on medicines u se is 
available centrally in Sweden. 
Antifoulanls · Contact fish !arms 
direct for information. 

Literature review and estimation by 
analogy with other marine sites. 

Results will be available from 
Anders Alanara's project. 

Responsible person 

lan Davies 

Anders Alanårå, using data from 
lan Davies on productiori levels. 
Ed Black to assist. 
tan Davies to approach HELCOM 
re: PLC3. 

Use method from Ackefors and 
Enell paper. 

Anders Alanarå and 
Timo Makinen, probably with 
assistance from Hans Ackefors. 

l an Davies to approach I'CES for 
advice. 

Anders Alanårå to deal with data 
for Sweden. 

tan Davies to approach 
Timu Makinen about Finland. 

Anders Alanara and Timu 
Makinen to complete the task. 

tan Davies to approach 
Tim u Makinen as most of the 
work has been ærried out at 
Finnish sites. 

Anders Alanarå 

A13- iii 



lssue 

Escapees: 

From Baltic farms 
From farms outside the Baltic 

U se of Baltic herring to make 
fish meal (protein) for the 
manufacture of fish feed. 
Effects on nutrient balance, 
eutrophication, other fisheries, 
etc. 

Effects on marine mammals. 

Effects on birds. 

Approach 

Results will be available from 
Anders Alanara's project. 
Other information from NASCO. 

Results will be available frqm 
Anders Alanara's project. 

Approach Chairman of ICES 
WGMMH. 

Approach Chairman of relevant 
ICESWG. 

Responsible person 

Anders Alanara 
Ed Black 

Anders Alanårå 

lan Davies 

lan Davies 

9. WGEIM recommends that Mariculture Committee include in its forward plan an ASC 
Theme Session on the lin king ofmodelling of processes leading to effects on the benthic 
environment, and the temp oral patterns of change (degradation and recovery) of the 
benthic fauna. 

13. WGEIM recommends !hat Mariculture Committee supports the dratting of a report 
"Towards sustainability in mariculture in the ICES area", and allocates to the appropriate 
Working Groups responsibility for completion of sections outside the area of 
responsibility of WGEIM. 

Report Outline: Working Title: "Towards Sustainability in Mariculture 
in the ICES Area" 

Topic area 

Environmental- Fish. 

Environmental - Shellfish. 

lnter-specific interactions. 
The trophic argument (cf Naylor 
et al.). 
Fish meal and oil utilisation. 

lnteractions with other activities, 
emphasising ecological matters, 
and encompassing procedures 
such as LENKA and MOMS. 

Economic aspects 
Soclo-economic aspects. 
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Responsible persons 

Antoine Dosdat 
Jan Davies 

Maurice Heral 

Thomas Landry 
(+ Harald Rosenthal) 

Peter Burbridge 
Dave Wildish 

WGEIM 

WGEIM 

WGEIM 

WGEIM 

Eva Roth WGEIM 
Bernard Glaesser? 
Several members of the WG to seek 
out national reports. 

ICES group 
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Topic area 

Coastal management issues, 
including: 

l CM 
Resource management 
structures 
Access 
Property rights 
Opportunity costs 
Time averaged benefits, etc 

Responsible persons 

Eva Roth 
Peter Burbridge 
Bernard Glaesser? 
Ed Black and others 

ICES group 

WGEIM 

Genetic matters including MC to reier to appropriate WG 
escapees. 

Disease aspects, including MC to reier to appropriate WG 
transfer to a·nd from wild 
populations. 

Other interactions with wild 
stocks, including the sea lice/sea 
traut issue. 

Other issues as may be 
identified by MC. 

MC to reier to appropriate WG 

MC to reier to appropriate WG 

14. It is recommended that WGEIM meets for five days in the first fortnight of March 2000 
in Aberdeen, Scotland to undertake the following tasks. The tasks are structured 
according to the general areas of work developed in Section 5 of this report. 

1. Collation of information on productiori patterns 

Justification: This information is notcurrently available to ICES through any otherroute 
and describes the basic structure of resource utilisation on which the rest of thework of 
WGEIM (and MC) must be based. 

1 a. Specific task: to receive and review country production reports from WG 
members 

Justification: See above. 

2. Meet specific requests for information from ICES or other international 
bodies 

This is a fundamental aspect of the work of ICES as a whole. 

2a. Specific task: to complete the preparation of a contribution to the 
HELCOM Fourth Periodic Assessment of the State of the Marine 
Environment of the Baltic Sea on the effects of mariculture activities in 
the Baltic Sea 

Justification: This is required to meet a request from HELCOM [HELCOM 1999/3]. 
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3. Review of information on technological change in marlculture, including 
the utilisation of new species, with particular emphasis on the 
consequences for production and the environment 

This item meets the need to have adequate awareness in !hese areas ofimplications of 
current and likely new developments in the mariculture industries. 

3a. Specific task: to discuss and assess progress made in the perfonmance, 
environmental compatibility and economic viability ofmodern recirculation 
technology, with an emphasis on salt water systems 

Justification: Most of the attempts to utilise recirculation systems have been in fresh 
water and expansion to salt water has until recently been a research activity (otherthan 
in shellfish hatcheries). Re-circulation systems offerpotential benefits in independence 
of the water resource, the ability to trea! effluents to a high standard, reduced risk of 
escapes of animals or disease, and a gre a ter internalisation ofthe environmental east. 
It is time ly to review the development ofthese technologies and identify opportunities for 
their utilisation and research requirements to improve their applicability. 

3b. Specific task: to compile information on the actual and potential 
environmental impactofhalibutcultivation, including comparison with the 
recognised impacts of salmon mariculture 

Justification: Production of halibut has now reached several hundred tonnes and is 
concentrated in Norway and Scotland. Juvenile production in these countries now 
approaches 500,000 per annum. It is timely to review the technological and 
environmental aspects ofhalibutfarming to a id regulators in the in corporation ofhalibut 
larming into the generality ofmariculture and into coastal zone managementstructures. 

3c. Specific task: to review the ecological aspects of the report of the 
ICES/EU Symposium on artificial reefs to be held in summer 1999 

The presence of reefs may have a range of effects on the ecosystem beyond the !arget 
effects of increasing the availability of desirable species. The effects may have 
similarities to those induced by mariculture structures such as cage groups, shellfish 
landlines, rafts, etc. The comparison of the two areas of study may open new 
perspectives. 

3d. Specific task: to review the current state of the art in the environmental 
consequences of the control of sea lice in salmon cultivation 

Justification: Sea lice are probably now the most significant health problem in farmed 
sal mon. Control of sea lice aften requires the use oftherapeutic chemicals which are 
subsequently relea sed to the environment and have given rise to considerable scientific 
and public concern. Approaches to sea lice control, and attitudes over the acceptability 
of treatment chemicals differ between countries and are changing rapidly. This has 
considerable potential consequences for both sal mon larming and for the environment. 
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3d: Specific task: to review the success and usefulness of closed sy.stems in 
mariculture 

Justification: Closed systems are normally rather expensive to install and operate, but 
may have application in particularly sensitive are as, and they could offer the potential for 
the confinement and treating of effluents and greater control of the cultivation 
environment. lncreasing concern over environmental consequences ofmariculture may 
lead towards greater utilisation of closed systems in the medium to long term. 

4. Review of new research and monitoring programmes 

The emphasis in this !ask would be making accessible to member cou(l!ries the 
products ofcompleted programmes which might not be readily available (eg in the Grey 
literature), and the review of the trends and directions in research and monitoring 
priorities to in form MC and member countries of developments in scientific opportunities 
and activities, and public attitudes and concerns. 

4a. Specific task: to reviewthe proceedings ofthe 19991CES Symposium on 
environmental effects of mariculture 

Justification: This major Symposium has been organised by members ofWGEIM and 
should provide indications of important new developments and provide a basis for the 
specification of new !asks for the WG. 

5. Review of monitoring activities 

The purpose of !his item is to en sure awareness of new environmental concerns, new 
monitoring targets and new monitoring methods as an a id to ensuring that mariculture 
is undertaken in sustainable ways. 

5a Specific task: to review developments in the capability to model, predict 
and monitor the effects of mariculture on the sea bed 

Justification: Alteration of the benthic ecosystem is a clear res ult of mariculture in many 
locations and forms the basis of some regulatory procedures. Reliable predictive 
methods, and efficient monitoring techniques linked to .expressions of acceptable 
deg re es of change are therefore essential elements in the assessment of the 
sustainability of mariculture. 

5b. Specific task: to review the availability to the scientific and regulatory 
community ofmathematical models related to environmental interactions 
of mariculture 

Justification: Sile assessment, regulation, monitoring and research are increasingly 
dependent upon mathematical models fortheir design or data analysis. The availability 
of reliable and robust models to the relevant user communities is important for the 
progress of !hese subjects, 
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6. Review issues of sustainability in mariculture, including interactions 
between mariculture and other users of resources in the coastal zone 

The aim in this item is again to support the development of mariculture in ecologically 
(in a broad sense to include other human activities) sustainable manner. One of the 
approaches that would be to incorporate mariculture in ICM structures. 

6a Specific task: to collate contributions and prepare a report with the 
working title of "Towards sustainability in mariculture in the ICES area" 

Justification: There is increasing expression of concern over the lang term 
consequences and wider sustainability of intensive fish and (to a lesserextent) shellfish 
cultivation in marine waters. A critical scientific reviewwould be a valuable contribution 
to the debate. The report will emphasise ecological aspects ofthe question. Completion 
of the !ask would require that the question of sustainability of mariculture is addressed 
by other ICES WGs, covering such aspects as genetics (escapes and Genetically 
Modified Organisms), disease, and other interactions with wild slacks (eg the sea 
trout!salmon/sea lice issue). 

6b. Specific task: to review the current state of the art of the application of 
EnvironmentallmpactAssessment and Environmentallmpact Statements 
to mariculture 

Justification: Recent changes in EU legislation have increased the requirements for 
formal EIA and EIS activities in relation to mariculture. Parallel changes have occurred 
in nationallegislation, and in same countries the mariculture industries have responded 
in a pro-active way to define methodologies and the content of Statements and 
Assessment documents. Such procedures can contribute directly to the l CM process 
and to sustainability and are likelyto become a more importantaspectofthe regulation 
of mariculture. 
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