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1 Outline of the scope of the project

As part of their support for the Scottish aquaculture industry, the Crown Estate
commissioned a project “Scoping study for research into the aquaculture (fish and
shellfish) carrying capacity of GB coastal waters”. The principle investigators involved in
this report are Dr Ian M Davies FRS Marine Laboratory, Aberdeen, Mr Douglas McLeod,
Scottish Shellfish Growers Association. This report will concentrate on Scottish coastal
waters. A separate report has been commissioned by the Crown Estate from Dr M
Kaiser, UCNW, who will address the carrying capacity for farmed shellfish of coastal
waters in England and Wales.

The main objectives of the combined project are:

1. To prepare a review of approaches used in GB and elsewhere to establish the
carrying or holding/carrying capacity of coastal waters for fish and shellfish farming

2. To identify those approaches which can be adapted to GB waters.

3. To identify possible combinations of modelling and field indicators of carrying capacity
with emphasis on their appropriateness for GB environmental conditions and concerns.

4. To outline and prioritise field and laboratory investigations of the application of
indicators of carrying capacity to GB coastal waters

More complete details of the objectives, methodology and outputs etc are given in
Appendix 1.

2 Discussion of terms: Carrying capacity and assimilative
capacity

The title of this project included the term “carrying capacity”, but did not include a clear
definition of the term. It is understood by the contractor to mean the ability of the
environment to accommodate aquaculture, and in the context of this project is
concerned with marine environmental factors. Therefore it excludes other environmental
consequences of the development of fish farming in remote areas, for example
infrastructure development (roads, housing, schools etc).

The Scottish Parliament Environment and Transport Committee in its 5th Report 2002
(Report on Phase 1 of the Inquiry into Aquaculture), also considered the meaning of the
term “carrying capacity”. The relevant extract from the report is as follows:

The Capacity of the Environment to Accommodate Aquaculture
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19. The Committee heard a variety of evidence regarding the question of carrying
capacity. Carrying capacity is a term that is often loosely used, and it is clear that
the term had varying meanings for the witnesses appearing before the
Committee. The Committee believes that it is important to be clear about the
concepts embodied in the term carrying capacity.

20. In the context of this inquiry, carrying capacity was generally used by
witnesses to describe, in biological and chemical terms, the capacity of the
marine environment to assimilate nutrients, such as nitrogen and phosphorus,
and contaminants such as therapeutants. It is, therefore, in the Committee's
view, more appropriate to use the term assimilative capacity in this context.
Evidence from scientists suggested that, because of the threat of sea lice
infection to wild salmonid fish, sea lice should also be included within the
evaluation of assimilative capacity for marine aquaculture.

21. Evidence from SNH suggested that evaluation of the assimilative capacity for
marine aquaculture should not be limited to biological and chemical parameters
but should also include amenity and aesthetic matters such as landscape and
visual issues. Such an approach to the capacity of the marine environment to
accommodate aquaculture would be more accurately described by the term
environmental capacity.

22. For the sake of clarity all three terms, carrying capacity, assimilative capacity
and environmental capacity, are defined below:
· Carrying capacity of a defined area refers to the potential maximum production
a species or population can maintain in relation to available food resources within
an area.2

· Assimilative capacity is the ability of an area to maintain a "healthy"
environment and "accommodate" wastes.3

· Environmental capacity is the ability of the environment to accommodate a
particular activity or rate of activity without unacceptable impact.4

23. The Committee believes that, in the context of this inquiry, it is
appropriate to use the terms assimilative capacity and environmental
capacity, rather than the term carrying capacity.

Establishment of Assimilative Capacity and Environmental Capacity

24. A considerable amount of research has been carried out nationally and
internationally into the assimilative capacity of coastal waters in relation to
aquaculture. Modelling approaches have been used in an effort to determine
assimilative capacity and some of these models are currently in use by SEPA.5

However, it was the unanimous view of witnesses appearing before the
Committee that considerably more modelling research needs to be undertaken
on a loch by loch and region by region basis in order to achieve a more complete
evaluation of the assimilative capacity of Scottish coastal waters.6

25. It was also apparent that this research should be focussed on those factors
that are likely to limit assimilative capacity, specifically nutrients and
therapeutants. The inclusion of sea lice in any calculations of assimilative
capacity was also seen as being crucial.7
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26. As noted above, some witnesses also wished to see a broader approach to
defining capacity in the context of aquaculture. This more holistic approach would
be inclusive of non-scientific considerations such as landscape and visual issues,
rather than being based on water quality alone.8 However, the Committee notes
that there is little evidence at the present time for a robust environmental model
that would take account of amenity and aesthetic issues in this context. The
Committee believes that such issues are important in relation to the impact of
marine aquaculture but that they are more appropriately addressed separately
from biological and chemical parameters embodied in the definition of
assimilative capacity.

The definition of carrying capacity adopted by the Committee therefore has direct
application to shellfish cultivation. Apart from those juvenile stages that may be raised in
hatcheries, most farmed shellfish (eg mussels, oysters, scallops) obtain their food by
filtering natural particles from the surrounding water. They are dependent upon natural
primary production and hydrographic processes to bring food particles to them.

Similarly, the carrying capacity of a body of water can be distinguished from that of the
individual farm site. In overstocked sites, it has been known for shellfish located
“downstream” of other stock to show less rapid growth. This can be ascribed to the
shading effect of the latter stock, which remove most of the potential food particles from
the water before they become available to the “downstream” animals. On the larger
scale, bodies of water such as sealochs or other embayments have a finite resource of
filterable organic matter. This resource must be shared between the various shellfish
farms (and natural biota) within the body of water. Again, it would be expected that
growth rates would decline generally if the intensity of shellfish farming were such that
natural food resources for the shellfish were significantly depleted.

The definition of “assimilative capacity” adopted by the Committee extends beyond
‘carrying capacity, to encompass the biological and chemical parameters that may be
amenable to scientific investigation. The processes which would be included within the
term “assimilative capacity” are those associated with the fate of waste (eg faeces)
produced by the shellfish, and the ecological effects on the wider ecosystem which might
be brought about by the greatly increased grazing pressure of the farmed species on
phytoplankton. The terms “carrying capacity” and “assimilative capacity” will therefore
both be used as appropriate in the rest of the text of this report.

An important distinction should be made between the assimilative capacity of a shellfish
farm site, and the assimilative capacity of a body of water (eg a sea loch). The
assimilative capacity of a site will be dependent on the impact of that single site on the
environment. In practice, particularly where there is more than one farm site in a body of
water, this means the impact of the shellfish farm on the immediately surrounding
environment, within which there can be a degree of confidence that any effects can be
related directly to the farm under consideration. A good example is the footprint of
organically-enriched sediment commonly found immediately below and around shellfish
lines in areas where water movements are rather weak.
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The assimilative capacity of a sea loch or other body of water must seek to integrate the
effects of all the shellfish farms that are present in that body of water, taking into account
other activities, eg nutrient-rich discharges from agriculture, or domestic sewage inputs.
Effects will be considered to be the consequences of the presence of all the shellfish
farms in the body of water. They would be assessed on a wider scale than just the
immediate surroundings of individual farms, although the summation of localised impacts
and consideration of their consequences for the whole water body would be a
component of many approaches.

These broader-scale assessments of carrying and assimilative capacity are the main
objectives of the project, although, in addressing this target, consideration will need to be
given to the capacity of individual shellfish farm sites.

The Committee adopted a very broad definition of “environmental capacity”, which takes
into account a range of factors (eg amenity and aesthetic factors) which are outside the
scope of this project.

3 Current approaches to estimation of assimilative or
carrying capacity

3.1 Assimilative or carrying capacity in a regulatory framework

a) Scotland

There is currently no formal procedure within the regulatory framework in Scotland for
the estimation of the assimilative or carrying capacity of marine areas with respect to
shellfish farming. However, the concept of a nutrition limited planning framework is
intuitively logical and clear, and knowledge of such a constraint, through modelling,
would form an effective and appropriate tool for guiding the future development of the
sector. The regulation of the scale and location of shellfish farm developments is carried
out through the processes that lead to the granting of a Lease for shellfish farming by the
Crown Estate (and Works Licences in parts of Orkney and Shetland). It might be
possible to introduce assessments of carrying and assimilative capacity into this
process, thereby providing a more substantial scientific basis for decisions on the
appropriate scale and location of shellfish farms.

Operators of shellfish farms are not subject to requirements under the Control of
Pollution Act 1974 to obtain Consent to discharge waste or to undertake monitoring
programme. (An exception would be shellfish growing units that use pump-ashore
technologies, but to date these have been limited to experimental units and hatcheries.)

They are also exempt from The Environmental Impact Assessment (Fish Farming in
Marine Waters) Regulations 1999, and are not considered in detail by the Locational
Guidelines for the Authorisation of Marine Fish Farms in Scotland (1998 or new draft),
Policy Guidance Note and Advice Note.

A broad overview of the regulation and monitoring of marine aquaculture in Scotland is
given in Appendix 2.
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b) Canada

The Canadian government is the in process of undertaking a large review of the
approaches available to estimate the carrying capacity of coastal waters for shellfish, as
part of the consideration of an over-arching aquaculture strategy at the Federal level.
The report is at an advanced draft stage, but is not yet available. Carrying capacity
models are not currently used in regulatory processes. However, shellfish growers have
expressed the view that the carrying capacity of some waters (eg in Prince Edward
Island) has now been reached, and the research is underway to provide a scientific
assessment to lay against this pragmatic view.

c) Chile

There is no current activity to determine the carrying capacity of Chilean coastal waters
for shellfish. Interest in large scale shellfish farming is currently limited in Chile. The local
market for shellfish has so far largely been satisfied by gathering from wild populations.
However, there are now proposals for major scallop farming developments in Chile and
Argentina

d) EU countries

Large scale shellfish cultivation is undertaken in several EU countries, including the
Netherlands, France and Spain. The methods used vary widely from sea bed cultivation
of oysters in the Scheldt estuary, to classical bouchot cultivation processes in western
France, and intensive raft cultivation in the rias of north western Spain.

There are several examples, (eg Arcachon, Oleron, Spanish rias) where the experience
of shellfish growers has suggested that growth rates may be less than optimal, and that
therefore the carrying capacity, from an economic point of view, may have been
exceeded. In some cases, this has subsequently stimulated detailed research into the
production processes and the development of models of shellfish growth that can be
linked to economic models of the industries.

This process has been taken a step further in some areas, where the authorities have
taken a strong line on the control of development with a view to ensuring the long-term
viability (sustainability) of the industry. Examples include the highly regulated and
standardised oyster cultivation in Thau lagoon (France), and the leasing of areas of the
French Mediterranean Sea for sub-surface mussel cultivation in which the quantities and
distribution of cultivation equipment are tightly controlled.

3.2 Research activity in the fields of assimilative and carrying capacity

The carrying capacity of coastal ecosystems for cultivated shellfish has been defined as
the maximum standing stock that can be supported by that ecosystem for a given time,
while enabling maximum annual production of individuals without a reduction in market
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size. This reflects the truism that each hydrographic unit tends to have a particular
productivity, eg the 40,000 tons per annum identified for Archacon, SW France. The
issue is the number of individual shellfish that this ‘biomass’ is divided between. If the
standing stock expands beyond the optimum, the inevitable result is a decline in size of
individuals. Carrying capacity for bivalves depends on the availability of space
(substrate), and, more critically, food. In coastal waters, space is rarely the limiting factor
for cultivated shellfish, as it is normal practice to introduce artificial substrate, in the form
of suspension equipment such as ropes, bags, cages etc to increase the density of the
cultivated species.

Models of the carrying capacity of coastal ecosystems therefore require information on
the primary production of the system, the scale of the established natural population and
introduced population(s) and also on the exchange of materials with adjacent
ecosystems.

The second requirement for models of carrying capacity is for parameterisation of the
ecophysiology and the bioenergetics of the cultivated species, ie, the feeding behaviour
of the naturally occurring and cultivated species and the efficiency with which they can
convert absorbed organic matter into growth. Models need to take account of the ways
in which the above processes vary with factors such as water temperature, and the
quantity and quality of the suspended matter

The third requirement for application by both growers and planners, is a model of the
variation in stock performance in response to a range of factors related to choice of site
and husbandry of the stock, including size of animal. This can be combined with models
of the age/size composition of the stock to derive estimates of the timing and quantity of
harvestable product.

3.2.1 Models of primary production, hydrography, and the supply of food to molluscs.

In open coastal waters, the food supply available to filter feeding bivalves is derived from
the annual primary production in the water column. There are relatively few
comprehensive data on the annual cycle of primary production, and hence of total
primary production in Scottish coastal waters. (An ‘audit’ of primary production, the basic
resource for the industry, has previously been proposed by the ASSG as a priority
action.) However, there is a much better data set on annual cycles of chlorophyll
concentrations. The data that are available suggest that the primary production in open
waters on the west coast is around 80 – 100 gC/m2/year. Primary production in the
North Sea is around 120 gC/m2/year.

It would be possible to estimate the biomass of filter feeding shellfish that could be
produced annually, for example in the Minch, from the utilisation of this primary
production completely for this purpose. However, this is clearly not all available for
cultivated shellfish, as there is extensive competition for this primary production from
natural filter-feeding organisms, including natural shellfish populations and zooplankton.

In sea loch and similar coastal environments, the food supply available to natural and
cultivated populations of filter feeding bivalves is the sum of the primary production in the
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water column of the loch and the particulate organic matter brought in by tidal and other
circulation from adjacent coastal waters, minus the particulate organic matter lost to
coastal waters on the ebb tide. The interactions between production processes in the
open waters and in the sea loch, and the supply and loss of phytoplankton biomass are
complex. For example, the phytoplankton biomass in sea lochs is very strongly
partitioned between the upper mixed layer and the lower layers. The incoming tide fills
up the intermediate layers and mixes into the upper layer, but the outflow will be mainly
from the upper layer.

There are relatively few comprehensive data on the annual cycle of primary production
in sea lochs, and hence of total primary production in lochs. The data that are available
suggest that the primary production in west coast sea lochs is greater than that in the
coastal waters, possibly around 160 gC/m2/year. However, the figure is likely to change
significantly between lochs depending on factors including the cycle of primary
production in adjacent coastal waters. The freshwater input to the loch will also influence
primary production through its effects on salinity and turbidity, and hence light
attenuation in the surface layers of the water column.

As for coastal waters, there will be similar competition between cultivated shellfish and
other filter feeders, such as zooplankton in sea lochs. FRS ran a major research
programme in Loch Linnhe during 1991 (Heath 1995, 1996, Rees et al 1995). The box
model methodology of Smith and Hollibaugh (developed in their classical study of
Tomales Bay) was applied to calculate the horizontal mixing and advection exchanges
between Loch Linnhe basins by means of salt balance. Then the model was used to
compute the net fluxes of plankton at monthly intervals over the year. Modelling of this
type provides the basis for models that can be used to address the availability of food to
filter feeding organisms in sea lochs.

In parallel with the Loch Linnhe field programme, FRS collaborated with the University of
Strathclyde to develop a dynamic nutrient-phytoplankton-zooplankton (NPZ) model of
sea-lochs, which was used to assess the likely impacts of nutrient emissions in these
systems.

Models such as this can be used to derive seasonally-resolved estimates of primary
production, phytoplankton and zooplankton standing stocks in sea lochs. As the models
currently stand, they do not accommodate either natural or cultivated shellfish
populations. Additional development work would be necessary to build in the impact of
shellfish on the pelagic ecosystem, including competition with zooplankton etc, and also
to derive estimates of the residual food supply that could be available to incremental
cultivated shellfish.

It may be possible to develop the Strathclyde/FRS sea loch ecosystem model (or similar
model) to include cultivated shellfish, although there have been a number of more
sophisticated models developed in the intervening decade.

3.2.2 Models of bivalve mollusc physiology and feeding/growth bioenergetics

The EU-funded project TROPHEE was directed at studying the suspension feeding of
bivalve molluscs, and the carrying capacity of coastal systems for bivalve molluscs. A
series of papers from the project were presented at a Workshop and published in a
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special issue of the Journal of Experimental Marine Biology and Ecology (1998, vol 219
– Nos. 1-2). This series of papers provides a recent review of the state of knowledge on
suspension feeding behaviour of molluscs.

A particularly important outcome from the project was a paper (Hawkins et al., J Exp Mar
Biol Ecol, 219, 87-104) which described general relationships between the feeding
behaviour of several important commercial bivalve species. In particular, the paper
presents models of the net absorption rate of organic material by the shellfish, based on
the concentration and composition of suspended particulate matter.

A later paper now published, (Hawkins, A. J. S., Duarte, P., Fang, J. G., Pascoe, P. L.,
Zhang, J. H., Zhang, X. L., Zhu, M. (2002) A functional simulation of responsive filter-
feeding and growth in bivalve shellfish, configured and validated for the scallop Chlamys
farreri during culture in China. Journal of Experimental Marine Biology and Ecology, 281,
13-40) can also be taken into consideration, for the following reasons:
(i) This 2002 model includes significant novel interrelations in respect of particle
retention and rejection that the researchers were not aware of during the TROPHEE
project, and which represents a real advance on the JEMBE 1998 models already
referenced.
(ii) This 2002 paper suggests that a generic model structure may be developed that
simulates feeding behaviour and growth from data describing the main environmental
variables of food abundance, food composition, temperature and salinity, but makes
clear that parameters defining relations within such a model structure will need to be
established in different species, populations and locations. This is required to account for
differences in genotype and physiological status, including different species
assemblages of phytoplankton etc.

As a result, a common framework of functional interrelations is enabling standardized
comparison and modeling of responses between species (refer JEMBE 1998 and 2002).
The following two papers reinforce this point:
Hawkins, A. J. S., Smith, R. F. M., Tan, S. H. & Yasin, Z. B. (1998) Suspension-feeding
behaviour in tropical bivalve molluscs: Perna viridis, Crassostrea belcheri, Crassostrea
iradelei, Saccostrea cucculata and Pinctada margarifera. Marine Ecology Progress
Series, 166: 173-185.
Hawkins, A. J. S., James, M. R., Hickman, R. W., Hatton, S. & Weatherhead, M. (1999)
Modelling of suspension-feeding and growth in the green-lipped mussel Perna
canaliculus exposed to natural and experimental variations of seston availability in the
Marlborough Sounds, New Zealand. Marine Ecology Progress Series, 191, 217-232.

Additional efforts are underway at Plymouth Marine Laboratory to work up results, based
upon 3 months worth of experiments, that will enable the calibration of this up-to-date set
of interrelations for Mytilus edulis, Crassostrea gigas and Chlamys opercularis feeding
over wide ranges of particle quality and quantity.

So, very soon, we will have better models for each main species cultured within the UK,
for inclusion within bay/loch scale ecological simulations. Separate papers already
describe how the JEMBE 2002 dynamic model of feeding and growth has been
integrated with other hydrodynamic, biogeochemical and ecophysiological simulations
on a variety of scales. These tools will help to optimise sustainable culture practices
(Bacher et al., in press; Duarte et al., in press; Nunes et al., in press).
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3.2.3 Models to predict growth rates under varying stocking levels, densities, etc.

The combination of the approaches described above give opportunities to estimate the
maximum biomass of filter-feeding shellfish that could be produced in coastal water
bodies, through a combination of modelling of the available food and modelling of the
uptake of that food by the shellfish. This modelling can be undertaken on the scale of a
sealoch, or defined area of more open coastal water.

However, the question as to whether the theoretical carrying capacity (and production)
can be attained brings in more detailed questions relating to the characteristics of
individual shellfish growing sites, and the husbandry strategies that might be applied.
This in turn is of great importance to the economic success of any shellfish farming
operation. But development of such models will be essential to support a credible,
coherent and sustainable planning regime, and to assist progress towards an
optimisation of shellfish cultivation developments.

These site-specific questions are outwith the scope of the current project. However, it
may be sufficient to note that simple models are already available to address these
questions.

4 Possible alternative approaches to the estimation of carrying and
assimilative capacities

From the preceding review, it is clear that there is no universally applicable approach to
the determination of the carrying capacity or assimilative capacity of coastal water
bodies for shellfish farming. The factors that limit the potential of sea areas to grow
shellfish populations, and the limited environmental effects of shellfish cultivation, are
broadly understood. Growth rates are limited by the available food supply and by the
physiological capability of the shellfish to take advantage of the available food.

The main concerns over environmental impact arise from the discharge of particulate
waste matter, the increased rate of recycling of dissolved nutrients, disturbance of
wildlife, introduction of new species etc.

To be useful, possible approaches to the estimation of carrying or assimilative capacity
need to be amenable to quantification and to lead to quantitative expression of the
capacity. The following section presents a series of possible approaches.

Carrying capacity

4.1.1 Modelling of available food supply

The shellfish currently of primary interest to the cultivation industry are molluscs. They
gain their nutrition by filtering phytoplankton and other particles from the surrounding
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water column. They are dependent upon natural processes of primary production and
water currents to bring food particles to them.

A range of mathematical models have been published which seek to balance the supply
of food particles with the filtration efficiency and predicted growth rates of farmed
shellfish. The models differ greatly in complexity, and normally operate on a whole-basin
scale (eg a whole sea loch). The supply of food particles is normally considered to be a
combination of estimates of the advective delivery of food particles by water movements
(eg tidal currents) plus the primary production that takes place within the water body.
Allowance is also made for the loss of potential food particles as water exchanges out of
the basin into the open coastal areas.

The growth characteristics of some shellfish, particularly mussels and oysters, have
been well-parameterised. The filtration rates and ingestion efficiencies under differ
conditions of temperature, particulate matter loading in the water, etc can be modelled to
derive estimates of the net energy available to the shellfish for growth.

The combination of food supply estimates and growth characteristics can be converted
into a predicted aggregate biomass production rate. The subsequent step, to link
predictions of growth rate, to economic models, within the business plans of the potential
businesses, is outside the scope of this project.

Nevertheless, a review should be carried out of the potential of the various available
models applicable to Scottish sea lochs, estuaries and open coastal areas. From this
review, a set of appropriate models for specific locations could be selected and applied
to areas of interest , by entrepreneurs, planners and regulators.

4.1.2 Environmental requirements

Shellfish farming differs from fish farming in that the different shellfish species are
cultivated in different ways, often in different environmental settings. The main methods
of cultivation in GB for the main species of interest are tabulated below:

Species Cultivation techniques

Mussel On ropes suspended from surface long-lines
On ropes suspended from rafts
On the sea bed, usually in inter-tidal or shallow sub-tidal areas

Oyster On trestles in inter-tidal areas
In lantern nets suspended from rafts or long-lines
In trays, stacked on the seabed
On ropes, suspended from loglines

King Scallop In lantern nets suspended from rafts or long-lines
On the sea bed (sub-tidal sandy areas)
Suspended from ropes (ear-hanging – is this still done??)

Queen Scallop In lantern nets suspended from rafts or long-lines
Manilla clam Buried in the sediment of inter-tidal areas
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would appear to restrict both the scope for potential new enterprises, and also the
efficient utilisation of the coastal waters.

The degree to which undeveloped leases are being retained is not clear. A project could
be undertaken to review the state of exploitation of leases. The objective would be to
identify unexploited leases that act as constraints on the development of the shellfish
cultivation industry, with a view to revoking these leases and opening the areas to
alternative utilisation.

4.1.5 Limitations on availability of sea areas for reasons of pollution

GB coastal waters are monitored under various EU Directives (see Appendix 2),
including two of particular significance:

a) EC Directive on the Quality of Shellfish Growing Waters (79/923/EEC)
(The Surface Waters (Shellfish) (Scotland) Regulations 1997)

This Directive concerns the quality of shellfish waters in areas designated by the
Member States as needing protection or improvement in order to contribute to
the high quality of shellfish products directly edible by man. Guideline and
imperative values for contaminants in shellfish flesh and shellfish waters are
defined in the Directive. Member States must establish programmes for reducing
pollution to ensure that designated waters comply with the defined standards.
Concerns over biocides are already covered by the EC Dangerous Substances
Directive, to which the EC Shellfish Growing Waters Directive makes reference.
This Directive will be subsumed within the legislation relating to implementation
of the Water Framework Directive.

b) EC Shellfish Hygiene Directive (91/492/EEC)

The Directive is incorporated in UK Food Safety Legislation, The Food Safety
(Fishery Products and Live Shellfish) (Hygiene) Regulations, 1998, (SI 1998 No
994). The Regulations concern the quality of waters where shellfish are grown
for commercial harvesting and lay down the health conditions for producing and
placing on the market of live bivalve molluscs (such as oysters, mussels,
scallops, etc). The competent authority of the Member State must establish the
location and fix the boundaries of production areas. On the basis of
bacteriological criteria, the authority must list and classify these production areas
according to the degree of contamination by faecal indicator bacteria present in
samples of mollusc flesh.

Additionally, shellfish waters are monitored for potentially toxic plankton, and
shellfish are monitored for biotoxins (PSP, DSP, ASP).

Production/Harvesting Areas are then classified as below:

Classification Criteria for Shellfish Waters
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Category Criteria Meaning of classification

Category A Less than 230 E. coli per 100 g
flesh or less than 300 faecal
coliforms per 100 g flesh

May go direct for human consumption
if end product standards are met

Category B Less than 4,600 E. coli per 100 g
flesh (in 90% of samples) or less
than 6,000 faecal coliforms per 100
g flesh (in 90% of samples)

Must be depurated, heat treated or
relayed to meet Category A
requirements

Category C Less than 60,000 faecal coliforms
per 100g flesh

Must be relaid for a long period (at
least two months) whether or not
combined with purification, or after
intensive purification to meet
Category A or B

Above 60,000 faecal coliforms per
100 g flesh

Unsuitable for production

Further information on end-product quality standards is detailed in Appendix 2.

It is proposed that a review be carried out of the results of monitoring under the above
two Directives with a view to identifying those areas which are less suitable for bivalve
mollusc production, those areas within which additional economic constraints
(purification) would apply and areas that appear particularly appropriate for shellfish
cultivation.

These two Directives place important constraints on the availability of waters for shellfish
cultivation and the ability to harvest molluscs on a consistent basis. Failure to meet the
requirements under Directive 79/923/EEC would make an area unsuitable for shellfish
cultivation.

4.1.6 Technological constraints

Some of the techniques used for growing shellfish are relatively simple, well-adapted to
conditions where they are used, and show little scope for development for utilisation in
other, new, areas. For example, oyster cultivation on trestles is limited to sheltered inter-
tidal areas, and it is difficult to see how such as system could be developed to work
reliably on open coastal sites.

On the other hand, other cultivation systems have potential for development. In GB, raft-
based cultivation of mussels traditionally utilised rather small wooden rafts, which
required anchorages in sheltered waters. Over the past 15 years, rafts have evolved into
technically complex working platforms, showing little in common with their predecessors.
In an analagous manner to that in which improvements in design of fish farm rafts and
cages have allowed fish to be grown in more exposed locations, much potential remains
for improved designs of shellfish rafts.

Similarly, many long-line systems used in GB for mussel cultivation have been
relatively small, and often make use of a low degree of mechanisation and automation.
Increases in the scale and robustness of mussel cultivation equipment in recent years
are opening up the prospect of improved yields as well as the prospect of opening up
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new sea areas to mussel farming. In addition, the utilisation of submerged long-lines and
submersible rafts might further increase unit capacity, exploit primary production ‘hot
spots’, and reduce some areas of potential conflict with other users of the coastal zone.

An important issue for the development of some aspects of shellfish cultivation is
therefore the technology of equipment construction and operation.

An assessment could be undertaken to bring together equipment specifications and
capabilities, sea bed topography, weather/wave records and primary productivity models
to map open coastal areas. The output could be a pragmatic yet scientifically based
assessment of the current feasibility of using these areas for shellfish farming, and of the
potential incremental increases in the usable area that could occur as and when
technology improves.

Assimilative capacity

4.1.7 Impact on sea bed communities

The feeding activity of molluscan shellfish gives rise to the excretion of particulate matter
in the form of faeces and pseudofaeces. This material can accumulate on the sea bed in
some circumstances and can modify benthic conditions and the benthic fauna. The
localised impact of particulate organic waste from fish farms has been widely
recognised, and can be approached through modelling procedures, such as DEPOMOD.
The pressure on the sea bed communities at fish farms can be viewed as acute, in that
large changes in the structure of these communities can occur below and immediately
around fish farms. In these areas, the character of the sea bed and the associated
animals can be strongly altered.

J Chamberlain (Napier Univ) has recently completed a PhD thesis in which he has
modified the parameters of DEPOMOD to suit the different characteristics of shellfish
farms, specifically raft and long-line mussel farms. The amended model has been
applied to mussel farms in Scotland and Ireland. The model shows considerable promise
as a tool to predict the impact of shellfish farms on the adjacent sea bed, but at this
stage has only been applied to mussels and only to individual farm sites.

A project could therefore be undertaken to extend the capability of the DEPOMOD-
based modelling approach to cover other species (oysters, scallops, queens). The model
would also require further validation in the field to confirm the degree of match between
predicted and actual degrees of impact on the sea bed at individual sites.

4.1.8 Impact on sea loch benthic communities

As a continuation of this approach, it would be necessary to take a wider, water-body
scale view of the significance of impact on the sea bed.

As outlined above, the localised impact of waste from shellfish farming sites on sea bed
communities is recognised, and can be approached through modelling procedures, such
as DEPOMOD.
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It is generally accepted that a small area of altered sediment within a sea loch or coastal
area has little, if any, significant impact on the structure and function of the ecosystem in
the wider area, for example, in the rest of a sea loch.

However, if a significant area of the surface of a loch was utilised for shellfish cultivation,
such that a large proportion of the underlying sea bed was affected by particulate waste,
analogous to over-intensive finfish farming, then the situation would intuitively be non-
sustainable. . One would expect that the sea loch ecosystem might no longer function in
the same way. The point at which the sea loch benthic ecosystem in some way no
longer “functions as a sea loch” could provide a limit to the assimilative capacity.

This would probably be a long-term research activity, involving the application of
theoretical biology and field validation programmes. However, as Scottish waters are
only marginally occupied by shellfish cultivation operations, access to field sites abroad
(eg Spanish rias) might be required for field studies. Ifremer (France) have carried out a
series of studies on this aspect of shellfish (oyster) cultivation in SW France.

4.1.9 Monitoring of productivity

The most commonly-reported consequence of exceeding the carrying capacity of a body
of water for farmed shellfish is that the growth rate of the farmed stock declines. This
reflects the depletion of the available food supply and the consequential reduction in the
energy available to the shellfish for growth. Monitoring of the rate of growth could
therefore provide a very direct indication of whether attempts to increase production
through increasing stocking had led to the carrying capacity being exceeded.

At present, information on stock and growth rates are not collated centrally. The natural
availability of food, and the natural temperature cycles (and other factors that can affect
growth rates) vary from place to place. Therefore, simple comparisons of growth rates
between areas are unlikely to provide information that can be reliably interpreted.
However, there is likely to be less variance within lochs than between lochs, and so
comparison of time series of growth rate information from single lochs/farm sites is likely
to be more useful.

5 Summary of possible approaches, and initial suggestions for
prioritisation

Summary table of opportunities for approaches to the carrying and assimilative
capacities of coastal waters for shellfish farming

Section
number

Approach Summary comment Current
funding
position

Priority for new
funding

4.1.1 Modelling of
available food
supply/convers

Achievable.
Would give quantified
results.

Not currently
funded

1
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ion efficiencies Applicable to lochs/voes,
and open coastal areas

4.1.2 Environmental
requirements

Achievable.
Would give useful maps
of suitable areas.
Could be adapted to
apply to open coastal
areas as well as lochs.

Not currently
funded

2

4.1.3 Limitations on
availability of
sea areas for
conservation
reasons

Achievable.
Should indicate which
areas have what level of
constraint on
development.
Could be applied to both
lochs/voes and coastal
sites.
Necessary support for
other approaches.

Responsibility
of conservation
agencies

Not
appropriate for
CE funding

4.1.4 Limitations on
availability due
to
undeveloped
sites

4.1.5 Limitations on
availability of
sea areas for
reasons of
pollution

Achievable.
Uses internationally-
recognised assessment
criteria.
Could be applied to both
lochs/voes and coastal
sites.
Necessary support for
other approaches.

Not currently
funded

2

4.1.6 Technological
constraints

Achievable.
Should provide coherent
assessment of the
potential commercial use
of coastal sites.
Analytical techniques
exist.

Not currently
funded.
More
appropriately
funded by the
industry.
“Technology at
the right cost”

3

4.1.7 Impact on sea
bed
communities

Achievable at individual
site level.
Should enable prediction
of benthic impacts.

Not currently
funded

1

4.1.8 Impact on sea
loch benthic
communities

At water-body scale, this
is a novel research area.
Not clear whether would
be successful.
Initially probably only
applicable to

Not currently
funded

1
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lochs/voes/estuaries
4.1.9 Monitoring of

productivity
Probably achievable.
Would rely on
information probably
already collected by
growers.
Would require several
years data before reliable
interpretations might be
attempted.

Not currently
funded
Might be
suitable for
joint funding
with industry

1
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Outline specification for project 4.1.1

Modelling of available food supply and growth of farmed shellfish

Background:

The shellfish currently of primary interest to the cultivation industry are molluscs. They
gain their nutrition by filtering phytoplankton and other particles from the surrounding
water column. They are dependent upon natural processes of primary production and
water currents to bring food particles to them.

The carrying capacity of coastal ecosystems for cultivated shellfish has been defined as
the maximum standing stock that can be supported by that ecosystem for a given time.
Carrying capacity for bivalve suspension feeders depends on the availability of space
(substrate), and, more critically, food. In coastal waters, space is rarely the limiting factor
for cultivated shellfish, as it is normal practice to introduce artificial substrate, in the form
of ropes, cages etc to increase the density of the cultivated species.

A range of mathematical models have been published which seek to balance the supply
of food particles with the filtration efficiency and predicted growth rates of farmed
shellfish. The models differ greatly in complexity, and normally operate on a whole-basin
scale (eg a whole sea loch). The supply of food particles is normally considered to be a
combination of estimates of the advective delivery of food particles by water movements
(eg tidal currents) plus the primary production that takes place within the water body.
Allowance is also made for the loss of potential food particles as water exchanges out of
the basin into the open coastal areas.

The growth characteristics of some shellfish, particularly mussels and oysters, has been
well-parameterised. The filtration rates and ingestion efficiencies under differ conditions
of temperature, particulate matter loading in the water, etc can be modelled to derive
estimates of the net energy available to the shellfish for growth. This can be converted
into a predicted biomass production rate.

Possible research approaches:

The central task of the research project would be to combine appropriate models of
primary production and nutrient cycling in sea lochs and coastal waters with a model of
the feeding behaviour and growth of shellfish, primarily mussels.

A number of mathematical models have been developed of marine ecosystems and
which may be applicable to sea lochs. For example, a decade ago the box model
methodology of Smith and Hollibaugh (developed in their classical study of Tomales
Bay) was applied to calculate the horizontal mixing and advection exchanges between
Loch Linnhe basins by means of salt balance. The model also computed the net fluxes
of plankton at monthly intervals over the year and annually (Heath 1995, 1996, Rees et
al 1995).

In parallel with the Loch Linnhe field programme, FRS collaborated with the University of
Strathclyde to develop a dynamic nutrient-phytoplankton-zooplankton (NPZ) model of
sea-lochs, which was used to assess the likely impacts of nutrient emissions in these
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systems. This model might allow the biological consequences in the water column of
nutrient enrichment to be assessed.

It should be possible to develop the Strathclyde/FRS sea loch ecosystem model (or
similar model) to include cultivated shellfish. As these models currently stand, they do
not accommodate cultivated shellfish. Additional development work would be necessary
to build in the mechanisms of impact of farmed shellfish on the pelagic ecosystem,
including competition with zooplankton etc, and also to derive estimates of the food that
could be available to the cultivated shellfish.

References to this work include:

Ross,A.H., Gurney,W.S.C., Heath,M.R., Hay,S.J. and Henderson,E.W. (1993). A
strategic simulation model of a fjord ecosystem. Limnol.Oceanogr. 38, 128-153.

Ross,A.H., Gurney,W.S.C. and Heath,M.R. (1993). Ecosystem models of Scottish sea
lochs for assessing the impact of nutrient enrichment. ICES J.Mar.Sci. 50,
359-367.

Ross,A.H., Gurney,W.S.C. and Heath,M.R. (1994). A comparative study of the
ecosystem dynamics of four fjordic sea-lochs. Limnol.Oceanogr. 39, 318-343.

Heath,M.R. (1995). Size spectrum dynamics and the planktonic ecosystem of Loch
Linnhe. ICES J.Mar.Sci. 52, 627-642.

Heath,M.R. (1995). An holistic analysis of the coupling between physical and biological
processes in the coastal zone. Ophelia 42, 95-125.

Taylor, L.A. (1997). Meteorological and tidal forcing of Loch Linnhe, a Scottish sea-loch.
Phd thesis, University of Strathclyde. 332 pp.

The second element of models of carrying capacity is for parameterisation of the
ecophysiology and the bioenergetics of the cultivated species, ie, the feeding behaviour
of the cultivated species and the efficiency with which they can convert absorbed organic
matter into growth. Models need to take account of the ways in which the above
processes vary with factors such as water temperature, and the quantity and quality of
the suspended matter. One of the outputs from the EU-funded project TROPHEE was as
series of papers in the Journal of Experimental Marine Biology and Ecology (1998, vol
219 – Nos. 1-2). These papers provide a recent review of the state of knowledge on
suspension feeding behaviour of mulluscs. Particularly notable is a paper (Hawkins et
al., J Exp Mar Biol Ecol, 219, 87-104) which described general relationships between the
feeding behaviour of several important commercial bivalve species. In particular, the
paper presents models of the net absorption rate of organic material by the shellfish,
based on the concentration and composition of suspended particulate matter. The
models have been validated in field conditions that cover the range of conditions likely to
be encountered in sealochs and other areas of Scottish coastal waters likely to be used,
or considered, for shellfish cultivation.

A later paper now published, (Hawkins, A. J. S., Duarte, P., Fang, J. G., Pascoe, P. L.,
Zhang, J. H., Zhang, X. L., Zhu, M. (2002) A functional simulation of responsive filter-
feeding and growth in bivalve shellfish, configured and validated for the scallop Chlamys
farreri during culture in China. Journal of Experimental Marine Biology and Ecology, 281,
13-40) can also be taken into consideration, for the following reasons:
(i) This 2002 model includes significant novel interrelations in respect of particle
retention and rejection that the researchers were not aware of during the TROPHEE
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Outline specification for project 4.1.7

Ecological impact of shellfish farming on sea bed communities and benthic
ecosystem function

Background:

The pressure on the sea bed communities at shellfish farms is generally considered to
be less acute than that which occurs at fish farms. However, in some circumstances the
rate of input of particulate waste and its relatively organic rich nature, can result in
observable changes in the structure of these benthic communities below and
immediately around shellfish farms. In these areas, the character of the sea bed and the
associated animals can be strongly altered. The areas of sea lochs that are impacted in
this way are usually a small percentage of the total area of the sea loch.

It is generally accepted that a small area of altered sediment within a sea loch or coastal
area has little, if any, significant impact on the structure and function of the ecosystem in
the wider area, for example, in the rest of a sea loch. However, if a large area of shellfish
farms were accommodated within a single loch, such that a large proportion of the sea
bed was affected, then it might be expected that the sea loch ecosystem might no longer
function in the same way. The point at which the sea loch benthic ecosystem in some
way no longer “functions as a sea loch” could provide a limit to the assimilative capacity.

Possible research approaches:

The main environmental resources required by animals are space and food. Carrying
capacity models have been developed for birds on estuarine mudflats, where space and
food supply are constrained and can be measured. Is it possible to undertake similar
analyses for sea loch benthic communities?

There is a general understanding of the fauna that is to be expected within a sea loch
ecosystem. Such understanding is the basis of classification systems for freshwater
communities (RIVPACS) and coastal marine benthos (COASTPACS). Can such
classification systems be applied to sea lochs, voes and more open coastal waters and
can ecologically meaningful standards and targets be defined? How might such a
process fit with classification systems under the Water Framework Directive?

Coastal ecosystems provide a range of environmental services. For example, they
degrade terrestrial and marine organic material, modulate the flow of nutrients between
the land and the sea, etc. Can the appropriate scale of these, and/or other,
environmental services be used to define assimilative capacity for shellfish farming?
Or to carry out credible ‘cost/benefit analysis’ of proposed aquaculture developments?

A recent report from English Nature discusses approaches that can be taken to
“Revealing the value of nature”. This combines a broad range of factors including
biodiversity, aesthetics, environmental services etc in assessing natural ecosystems.
Can such a system be applied to areas used for shellfish farming?

Is it possible to develop quantified indices that will respond to changes in the sea loch
scale ecosystem that might be caused by shellfish farming? In doing so, might it be
necessary to take more account of “expert judgement” in assessing environmental
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Appendix 1

CROWN ESTATE FUNDING PROPOSAL

1. Proposer
Dr Ian M Davies
Mr G Rae

Organisation
FRS Marine Laboratory, Aberdeen
Scottish Quality Salmon, Perth

2. Project Title
Scoping study for research into the aquaculture (fish and shellfish) carrying capacity of GB
coastal waters.

3. Abstract of Project

(1) Objectives:
1. To prepare a review of approaches used in GB and elsewhere to establish the
carrying or holding/carrying capacity of coastal waters for fish and shellfish farming

2. To identify those approaches which can be adapted to GB waters.

3. To identify possible combinations of modelling and field indicators of carrying
capacity with emphasis on their appropriateness for GB environmental conditions and
concerns.

4. To outline and prioritise field and laboratory investigations of the application of
indicators of carrying capacity to GB coastal waters

(2) Methodology:
The proposers bring to the project many years of experience of fish and shellfish farming
research, industry development and research, together with comprehensive contacts,
nationally and internationally, with aquaculture industries, regulators and research
groups. They have the spread of skills and experience necessary to address the broad
issues and research requirements involved in the derivation of robust approaches to
holding capacity of coastal waters for farmed fish, and carrying capacity for shellfish.

The carrying capacity of coastal waters for shellfish farming is dependent on a range of
environmental factors, including the available food supply, the potential environmental
impacts of the process, and other interactions with uses of coastal waters, for example,
as recipients of storm water and sewage effluents. The carrying capacity of any system
will fluctuate in line with natural variability within the marine ecosystem. The holding



28

capacity for fish farms will also be dependent on environmental factors. In addition,
consideration will be given to other forms of interactions, for example with wild salmonid
stocks, and the opportunities and constraints presented by potential new species and
technologies for use in cultivation.

Objective 1. A literature review of literature on carrying/holding capacity of coastal
waters for aquaculture will be carried out using appropriate on-line databases. National
and international contacts available through past chairman (I Davies) of the International
Council for the Exploration of the Sea Working Group on Environmental Interactions of
Mariculture, through the European Union MARAQUA project, international industry
bodies (G Rae) and academic and industrial bodies (M Kaiser) will be canvassed for
information on current and past approaches to the definition of carrying capacities of
coastal waters for cultivated fish and shellfish.

The above ICES group meets in April 2002, and includes representatives from major N
Atlantic mariculture nations, including Norway, Canada, France, USA, Ireland, Spain and
UK. I Davies will attend the meeting.

It will be important to include a wide range of environmental factors, together with
industry structural (eg new species such as halibut, cod, haddock), fish health, aesthetic,
socio-economic issues where they have environmental implications. Current and past
research, focused on the management and husbandry strategies associated with the
shellfish industry in particular, will be assessed. In addition, the interaction of shellfish
farming with the environment and other species (e.g. wading birds and ducks) will be
assessed. The conflicts between aquaculture and other coastal zone users will also be
identified, including inter-species factors (mainly relating to disease control in fish).

Objective 2. The results of the above survey will be critically evaluated in relation to the
GB situation, taking account of relevant reports from the Scottish Parliament Transport
and Environment Committee. A sub-set of approaches identified that might be
applicable in GB.

Objective 3. The sub-set identified above will be further refined and assessed, taking
into account possible cross-disciplinary approaches and current state of knowledge and
research opportunities to provide a prioritised list of approaches most likely to deliver the
research necessary to inform policy.

Objective 4. Following discussion with CEC, and other regulatory and industry bodies,
the breadth of scientific and industrial expertise available within the proposers’
organisations will be accessed through a series of Workshops (technical, by invitation
only, involving relevant stakeholders) to develop outlines of research tasks, testing and
validation procedures to be applied to the most promising approaches.

(3) Deliverables:

1. Report on objectives 1 – 2 above. Drafted mid-Octoberber 2002
2. Report on objective 3 - above. Completed December 2002.
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4) Innovation

The innovative aspects of this project arise from this being a unique opportunity
to undertake an international review of approaches to carrying capacity for
coastal waters to sustain fish and shellfish farming. The combination of scientific,
regulatory and industrial experience will provide an effective system for the
assessment of the potential for the application of different approaches to GB, and
will lead to informed prioritisation of future research and other work.

5) Timetable: (Assumed start April 2002)

Mid-October 2002 Milestone 1 Completion of draft report on Objectives 1-2.

Early November 2002 Milestone 2 Consultation with CEC to discuss draft report on
Objectives 1-3 and relative merits of different indicators of carrying capacity, and to
prioritise indicators for for field trials.
December 2002 Milestone 3 Completion of draft and final reports on Objectives 3
and 4.

5. Partners - Funding/Research/Industry/’In Kind’ contributions

Execution of the project will require consultation with a range of industrial (eg SQS,
OFFA, WIAA, SSGA, SSFA, BMFA, SAGB, ASSG, individual fish farming companies,
etc) bodies. Without being formal partners, it is anticipated that their input will be a
central contribution in kind to the project.

6. Project Manager and other personnel (where known)

Dr Ian M Davies, FRS Marine Laboratory, Victoria Road, Aberdeen AB11 9DB
01224 876544, fax 01224 295511, email daviesim@marlab.ac.uk

Mr G Rae, Scottish Quality Salmon, Durn Isla Rd Perth PH2 7HG
01738 587000, email grae@scottishsalmon.co.uk

Project supervisor : Ian Pritchard, Crown Estate, Edinburgh
Helen Kennedy
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REVIEW OF THE REGULATION AND MONITORING OF AQUACULTURE
IN SCOTLAND, WITH EMPHASIS ON ENVIRONMENT

AND CONSUMER PROTECTION

A Henderson1 and I M Davies2

1Scottish Environment Protection Agency, West Region, 5 Redwood Crescent, Peel Park
East Kilbride, Glasgow, G75 5PP

2Fisheries Research Services Marine Laboratory, PO Box 101,
Victoria Road, Aberdeen, AB11 9DB

SUMMARY

The aquaculture industry in Scotland is primarily located on the western and northern coasts
of Scotland where geographical and hydrographic conditions suit the species cultured. In
10 years, the industry has increased 10-fold, husbandry and management techniques have
radically altered and although major disease problems have occurred, the production
efficiency of the industry has improved. Regulation and monitoring of the industry has
consequently adapted and grown encouraging relationships and communications among the
regulators, competent and consultative authorities.

Planning and siting controls have recently been reviewed incorporating new EC legislation
on Environmental Impact Assessment. The environmental interactions of mariculture and
end product quality with respect to medicinal and other chemical residues are regulated
through complex legislation. Licences are required to discharge waste products and strict
quality standards and targets are applied to both the product and its growing and receiving
environment.

Monitoring programmes are well established to ensure compliance with the legislation. The
complexity of issues the industry now poses for regulation and monitoring have challenged
traditional views and required new techniques to be developed, eg mathematical modelling
to set environmental targets for some medicines or to examine impact scenarios. A national
approach has been needed which will benefit the industry and the regulators and allow focus
to be brought to wider issues requiring research and development. This paper describes the
regulation and monitoring relevant to protection of the environment, the consumer and the
cultivated stock. Some significant recent developments are noted, together with subjects
requiring additional attention in the future. The control of diseases of fish and shellfish is
outside the scope of this review.

1. MARICULTURE PRODUCTION TRENDS IN SCOTLAND

1.1 Fish Production

Marine fish farming in Scotland is dominated by Atlantic salmon (Salmo salar) production.
Production has increased steadily from 10,337 tonnes in 1985 to 126,686 tonnes in 1999
and is predicted to reach 130,837 tonnes in 2000. Production of this species is greater than
in any other European country, other than Norway, which exported 396,000 tonnes of
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salmon in 1999. Operations are increasingly being concentrated on large sites (59% of
production in 1999 was from sites producing more than 1000 tonnes) with increasing levels
of mechanisation and automation.

There is a small, but increasing, production of rainbow trout (Oncorhynchus mykiss) in sea
cages (1,075 tonnes in 1999). Small tonnages of turbot (Scophthalmus maximus) have
been grown in the sea in Scotland, and there is currently an increasing interest in halibut
(Hippoglossus hippoglossus) farming, although production has not yet reached fully
commercial scale (3.6 tonnes in 1999, and predicted 57 tonnes in 2000).

Some 400-500 cage farms are located in the more remote and rural areas of west and
northwest mainland Scotland, the Western isles, Orkney and Shetland islands. The growth
of mariculture has diversified the traditional activities (fishing, tourism, crofting, etc) in these
areas and has contributed to the maintenance and development of the local socio-economic
fabric. There is virtually no marine fish cultivation in the east of Scotland or in the far south
west. Production patterns are described in annual Fish Farming Production Reports
prepared by Fisheries Research Services Marine Laboratory.

1.2 Shellfish Production

Shellfish are farmed in Scotland, on a much smaller scale than finfish typically to supplement
income from other activities, such as crofting, fishing or tourism. The main species produced
are Pacific oysters, (Crassostrea gigas) native oysters, (Ostrea edulis) scallops, (Pecten
maximus) queens, (Aequipecten opercularis) and mussels (Mytilus edulis). In 1998, 3.3
million oysters were produced for the table, 4 million scallops and queens, and 1,300 tonnes
of mussels. In all cases, the production is small in comparison with some other European
countries (eg France, Spain).

Production trends tend to be rather erratic, responding to variable market conditions and in
recent years, increasing restrictions on sale due to the presence of unacceptable levels of
algal toxins. Production levels have not shown any consistent trend since about 1992,
although Pacific oyster and mussel production was higher in 1999 than in any of the
preceding 10 years and queen production increased by over 200% since 1997. Production
patterns are described in annual Shellfish Farming Production Reports prepared by FRS ML.

2. REGULATION

2.1 Legislative Framework

2.1.1 Cage Fish

2.1.1.1 Statutory Instrument No 367: The Environmental Impact Assessment (Fish
Farming in Marine Waters) Regulations 1999

Environmental Impact Assessment (EIA) is the subject of a European Union Directive:
Council Directive 85/337/EEC The Directive is implemented via Statutory Instrument No 367:
The Environmental Impact Assessment (Fish Farming in Marine Waters) Regulations 1999,
which takes into account Annex III of the Directive (on the assessment of the effects of
certain public and private projects on the environment) and came into force for all finfish
species, on 14 March 1999. This recent Statutory Instrument (SI) replaces The
Environmental Assessment (Salmon Farming in Marine waters) regulations 1988 (SI 1988
No: 1218) and previous advice on thresholds for triggering an Environmental Assessment
(EA).
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The SI defines the regulatory framework within which marine fish farming developments
become subject to formal EIA procedures and outlines the scope of the EIAs. Statutory
consultees under this new SI include Scottish Natural Heritage (SNH) and Scottish
Executive Rural Affairs Department (SERAD) (FRS ML). A consequence has been that a
much greater proportion of developments are now subject to formal EIA than was the case
under the 1988 SI.

2.1.1.2 OSPAR - PARCOM Recommendation 94/6 on Aquaculture: Code of Best
Environmental Practice

The Paris Convention 1974 for the protection of the North Sea and North East Atlantic had,
and still has, direct implications for marine aquaculture. One of its requirements was the
reduction of the discharge of various toxic and persistent chemicals, including dichlorvos - a
sea lice treatment used in marine cage fish farms, by at least 50% by 1995. The Paris
Commission (PARCOM) Recommendation 94/6 required that national bodies should draw
up codes of Best Environmental Practice (BEP) covering inputs of potentially toxic chemicals
from aquaculture. The Recommendation covers aspects of the output of toxic or potentially
hazardous chemicals, regulation and licensing of drugs/chemicals, and impacts on water
and environmental quality. Recommendations are not legally binding, but signatory
countries (including the UK) are obliged to have regard to recommendations when drawing
up and administering national policy and legislation. SERAD have developed a Code of
BEP and have submitted the document to OSPAR.

2.1.1.3 Environment Act 1995 (EA 95)

Cage fish farming came under pollution regulation in 1989 by virtue of Schedule 23 of the
Water Act 1989 primarily functioning under, and by virtue of, The Control of Pollution Act
1974, Part II (COPA 74). The Environment Act 1995 promotes the cleanliness of tidal
waters; the conservation and enhancement of the natural beauty and amenity of coastal
waters; and the conservation of aquatic flora and fauna. It specifically defines the effluent
from fish farming as trade effluent and creates an offence under section 30F(3) to cause or
knowingly permit any trade effluent to be discharged into controlled waters. A Consent to
Discharge (licence) under section 34 is issued by the Scottish Environmental Protection
Agency (SEPA) to the fish farmer. This approach needed to be supplemented by
considerations of Best Environmental Practice Not Entailing Excessive Cost (BATNEEC), ie
steps needed to minimise the polluting effects of the discharge. To date, Consents have
strictly addressed water and sediment quality issues rather than husbandry or management
techniques.

2.1.1.4 Medicines Act 1968 and Marketing Authorisations for Veterinary Medicinal
Products Regulations 1994

All substances which are administered to fish as a consequence of their medicinal
properties, eg antimicrobial agents or anthelmintics administered as feed additives, and sea
lice treatments administered as feed additives or as bath treatments, are classified as
medicines and fall under the above regulations. Medicines are not used in shellfish farming
in Scotland.

The marketing of veterinary medicines in the UK is regulated under the Marketing
Authorisations for Veterinary Medicinal Products Regulations 1994 (SI 1994/3142). (In
addition there are a series of European Directives and Regulations which affect the
marketing of veterinary medicinal products. These include Directives 81/851, 81/852,
90/676, 90/677, 92/18, 93/40 and Regulation 2309/93. These have been collated as Volume
VA of The Rules Governing Medicinal Products in the European Community). The
application of the UK regulations is described in a series of pamphlets issued by the UK
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Veterinary Medicines Directorate as Animal Medicines European Licensing Information and
Advice (AMELIA) Guidance notes numbers 1-15 (available electronically at
www.vmd.gov.uk).

Prior to marketing a medicine, it is necessary for the pharmaceutical company concerned to
obtain a Marketing Authorisation (MA) through the UK authorities, and a Maximum Residue
Limit (MRL) from the European Medicines Evaluation Agency. The UK will not issue a MA
without prior granting of an MRL. Under UK law, MA’s are granted by the Secretaries of
State for Agriculture and Health, acting on the advice of an independent advisory body, the
Veterinary Products Committee (VPC). An application for a MA is assessed on three main
grounds; pharmaceutical quality, efficacy and safety of the product (including consumer
safety, safety to the fish farm operators, and environmental safety). The VPC is
administratively supported in this task by the Veterinary Medicines Directorate (VMD).

2.1.1.5 Control of Pesticides Regulations 1986

Antifouling net treatments are classed as pesticides. Before a pesticide can be sold,
supplied, stored, used or advertised in the UK, it must be approved under The Control of
Pesticides Regulations 1986 or the Plant Protection Products Regulations 1995. Approval is
granted by the Ministers of the Government Departments signatory to the Regulations. The
registration process is carried out by the Ministry of Agriculture Fisheries and Food (MAFF)
and the Health and Safety Executive (HSE). Non-agricultural pesticides, those for use in
wood preservation, surface biocides, insecticides for use in public hygiene areas and
antifouling products are the responsibility of Health and Safety Executive (HSE).

Under the Regulations, companies submit an appropriate dossier of information, including,
for example, environmental or mammalian toxicity studies in support of their application.
Scientists in the registration authority carried out a scientific evaluation and associated risk
assessment on the use of the product. These assessments may then be considered by an
independent advisory body, the Advisory Committee on Pesticides, who advise Ministers on
the granting of approvals.

2.1.1.6 EC Directive on Dangerous Substances (76/464/EEC)

Some chemicals used within marine fish farming fall within the List II definition (deleterious
effects upon the aquatic environment) of this Directive, which is administered by the Scottish
Environment Protection Agency (SEPA). Member states are required to introduce
programmes to reduce pollution by List II substances on the basis of emission standards
calculated from water quality objectives, or systems of Environmental Quality Objectives
(EQO) and Standards (EQS) in the UK. This may involve product substitution (requiring the
use of a less hazardous chemical) and shall take into account the ‘latest economically
feasible technical developments’ (ie Best Environmental Practice (BEP)).

2.1.1.7 The Habitats Directive (92/43/EEC) and the Wild Birds
Directive (79/409/ECC)

These Directives concern the protection and conservation of natural habitats and species.
Special Areas of Conservation (SACs) and Special Protection Areas (SPAs), collectively
known as European marine sites (ie any SAC or SPA which extends below mean low water
mark of spring tides), are designated in response to conservation needs. All relevant and
competent authorities must ensure that, in fulfilling their statutory functions, they protect the
conservation interests for which any SAC or SPA was designated. For European marine
sites, the competent authority (Government Dept.) must participate with other relevant


