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AN INTEGRATED STRATEGY FOR BIOLOGICAL EFFECTS
MONITORING IN SCOTTISH COASTAL WATERS

R. A. Park
Scottish Environment Protection Agency, East Region, Edinburgh,
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The Scottish Environment Protection Agency (SEPA) is one of the main
players charged with statutory responsibility for protecting Scotland's natural
environment. SEPA's principal aim is to provide an efficient and integrated
environmental protection system for Scotland which will both improve the
environment and contribute to the Government's aim of sustainable
development. This is provided in the main by careful regulation of emissions
to atmosphere and aquatic environment, the management and disposal of
wastes and the control of radioactive substances. Our statutory powers stem
from the Environment Act 1995, a range of EC Directives and other
internationally agreed obligations.

An example of SEPA's integrated approach to environmental protection is
seen in the monitoring and research carried out in the tidal waters of south
eastern Scotland (Figure 1). Tidal Waters Section is a team of scientists with
expertise in marine chemistry, oceanography, modelling and marine biology.
Our monitoring programme is achieved using our survey vessel" Forth
Ranger" capable of surveying most of the controlled waters of south eastern
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Figure 1. Map of south eastern Scotland in relation to the UK
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Scotland. This comprises a 600km length of coastline to a three mile limit
which represents 4.5% of the total coastline of Scotland and 2.8% of that of
Great Britain.

This paper summarises SEPA's long-term programme of water quality and
biological effects monitoring and discusses the current environmental issues
affecting the condition of our coastal waters.

Biodiversity and biological effects
The measurement of biodiversity and habitat diversity play a central role in
SEPA's assessment of environmental quality providing an evaluation of the
quality of the environment. The fish community studies of the Forth estuary
have produced one of the best and most valuable datasets for any European
estuary. Since 1979 the pelagic and demersal fish populations have been
monitored in detail in relation to feeding relationships (Costa and Elliott,
1991), effects of habitat loss (McLusky et al. 1992) changes in relation to water
quality (Pomfret et al. 1991) and the importance of the estuary as an
overwintering and nursery area (Elliott et al 1990). The monitoring of fish
integrate the effects of general water quality, persistent pollutants, food-web
and habitat perturbation.

The intertidal and subtidal soft-sediment fauna are routinely examined in
relation to sediment chemistry and particle size. Large spatial and temporal
variations in macrofaunal abundance and species composition often occur in
response to natural gradients in salinity, suspended solids and sediment
stability (McLusky et al. 1993). Subtle community changes are used
particularly to evaluate the impact of organic waste from both sewage and
industrial discharges.

Eutrophication
Phytoplankton growth is monitored using a combination of automatic sensors
(moored sub-surface and towed) and ship-based sampling. This provides
detailed information on the spatial and temporal distributions of
phytoplankton species and blooms in relation to major point and diffuse
sources of inorganic nitrogen. This approach ensures an effective base-line of
information on the dynamics of phytoplankton and nutrients, against which
current and future eutrophication effects can be evaluated (Park 1995). Other
potential effects of nutrient enrichment are monitored, including the
occurrence of abnormal toxic phytoplankton blooms and excessive growth of
opportunistic macroalgae on beaches and intertidal mudflats.

To tackle the underlying causes of eutrophication SEPA uses its power of
regulation to control the nutrient content of discharges to controlled waters
and adopt environmental quality standards, particularly for nitrogen, in
coastal waters. Nitrogenous emissions from diffuse sources are limited at
their source by promoting Best Management Practices to the agricultural
community. This initiative includes the promotion of multi-purpose buffer
zones to reduce the run-off of pesticides and fertilizers into streams and
groundwater (D'Arcy et al. 1996).
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Water Quality
A long-term programme of water quality monitoring has been undertaken,
with effort centred on the Forth and Tay estuaries and the coastal embayment
of the Firth of Forth. This is aimed at assessing the quality of tidal waters in
relation to persistent, dangerous substances such as organochlorine pesticides
and heavy metals. The faecal contamination of coastal waters and shellfish is
routinely monitored using bacterial indicators against quality standards set
both by SEPA and EC Directives. The condition of the intertidal is also
investigated in relation to the incidence of contamination by sewage solids,
litter and stranded seaweed. As well as affecting the amenity value of the
shoreline, persistent litter influences the public's perception of.water quality
in coastal waters.

Sea water quality is also defined in terms of nutrient status, organic load and
suspended solids since these are considered the most important ecological
factors, related to sewage pollution, affecting our coastal waters (Read et
a/1982). Particularly in the turbid upper reaches of the Forth estuary,
dissolved oxygen concentrations can plummet as a result of low river flows,
warm temperatures and high biochemical oxygen demand (BOD). During the
summer both water chemistry and fish populations are routinely monitored
to ensure that water conditions are suitable for both resident and migratory
fish.

The measurement of contamination of sea water, sediments and marine
organisms is integrated with a programme of biological effects monitoring of
invertebrates, fish, macroalgae and plankton. This approach enables detailed
environmental impact assessments to be made relating to both point and
diffuse sources of pollution.
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