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EXECUTIVE SUMMARY

The Feasibility and Scoping Study into Catchment Ecosystem Research commenced in April
1994 and was funded by the National Rivers Authority, the Natural Environment Research
Council, English Nature and the Economic and Social Research Council. It has involved a
wide process of consultation with many organisations. A workshop, held in Cardiff on 14 and
15 September 1994, formed an important part of the consultation process.

The overall objective of the Study was to examine the feasibility of undertaking a programme
of research and/or development on man's impact on catchment ecosystems which is both of
high scientific value and of significant practical value for enabling catchments to be better
managed on a sustainable basis and, if affirmative, detailed plans outlining the programme
were to be produced.

During the course of the Study current scientific knowledge was reviewed and 15 key science
questions were identified and prioritised using three criteria - interest, feasibility and ability.
Eleven key management issues were identified and prioritised on the basis of the frequency
with which issues were mentioned or ranked during consultations with managers and the
frequency with which they appeared as issues in NRA Catchment Management Plans.

The science questions and management issues were matched in order to target and prioritise
research and to assess whether such research should be primarily science- or user-led, or
whether there was a match of interests.

Development opportunities for optimising the transfer of science into management were
identified.

Five options involving various blends of further development and new research were assessed
on the basis of costs, benefit, constraints and risks/uncertainties in order to identify the option
producing maximum benefit for the cost involved.

It was concluded that the most beneficial option would be for a programme of Development
plus a collaborative programme of multi-disciplinary research undertaken through a partnership
of scientists and users. The research programme has been named CERI, the Catchment
Ecosystem Research Initiative. The CERI research programme was then described more fully,
including the science programme, suggestions for scientific approach and location, plus costs,
timetabling and a possible management structure. A detailed Project Planning phase is
recommended as the next step.

KEY WORDS

Catchment ecosystems; river management; Freshwater; Scoping study.
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1.0 INTRODUCTION

1.1 Background

This initiative to carry out a feasibility/scoping study to investigate ways of focusing and using '
ecological research to improve catchment management grew partly out of a conference on the
"Ecological Basis for River Management" held at Leicester University in March 1993. It
became apparent to delegates that an examination of the relationship between the freshwater
sciences, and the knowledge and skills needed to manage and conserve British freshwater
ecosystems in a sustainable manner, would be valuable.

It is clear that the needs of management have increasingly required a complex and integrated
perspective of the physicochemical, biological and socioeconomic status of rivers in the face
of demand for water resources, improved water quality, flood defence, fisheries, conservation, -
recreation and navigation (e.g. Calow and Petts 1992; 1994; Harper and Ferguson 1995; Boon
and Howells 1996). A decline in the outputs from fundamental freshwater sciences in Britain,
however, threatens to restrict the development of appropriate knowledge (Hildrew 1993). In
particular, there is a perceived mismatch between the scale at which much fundamental science
was carried out (short-term/small scale), and the scales that are increasingly emphasised in
management initiatives (long-term sustainability over whole catchments).

River catchments provide an appropriate focus for the scientific study of freshwaters and their
management (Likens 1992). Water moving through catchments is the main agent of the
transport of materials and energy through terrestrial ecosystems and thus catchments integrate
many of the natural and human activities on earth. They comprise a "nested hierarchy’ of
physical systems, and are thus ideal models for research and management at a range of scales.
Freshwaters in the catchment hierarchy are excellent natural examples of patchy, divided
habitats for the organisms that live in them. Interactions between this complex, physical
system and the resulting distribution of organisms, provides the potential to examine processes
controlling biodiversity from the regional to the local scale.

Not surprisingly, therefore, catchments have been chosen as the main units for freshwater
management by authorities throughout the world, including the new Environment Agency in
England and Wales. The present economic commitment to managing the freshwater
environment is huge. In England and Wales alone the National Rivers Authority (NRA) spent
(1993/94) £400 million on its core functions, while the private sector invested about £7 billion
in the three years from 1989, mainly on water and sewage treatment.

1.1.1 Catchment Change: a paradigm

A conceptual basis for consideration of the scientific input into catchment management is
shown in Figure 1.1). It displays routes through which socioeconomic factors in river
catchments can have ecological effects through a range of mediating sub-systems, all of which
contain important resources (see Text Box 1). Changes impinge ultimately on important
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features, here called “targets', including all the end benefits arising from catchment and
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Figure 1.1  Conceptual diagram showing routes through which socio-economic
changes in river catchments can have ecological effects through a
range of mediating sub-systems
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river ecosystems: conservation, recreation, navigation, fisheries, avoidance of flood hazards,
waste disposal, water supplies. The targets might be considered as broadly equivalent to the
functions and responsibilities of the National Rivers Authority (NRA) and now the
Environment Agency.

TEXT BOX 1: Catchment change - a paradxgm

Figure 1.1 displays routes through which socioeconomic factors in river catchments interact with natural and
semi-natural features to have ecological effects through a range of mediating sub-systems Changes impinge

 ultimately on important resources - caﬂed targets which include all the resources for whlch we depend on
catchmcnt eoosystems. . , | » - .

Exauples of socmeconoxmc factors wlnch cause change lmght be economlc develepment, tounsm
demographic change, urban development, or agricultural intensification and extensification. Natural and
seml-natural factors wlnch mediate chaug¢ at the catchment level nught};nclude pedology, geah:gy or aItltude

ne time, because‘ the forces
e tluaugh socmeconamlc /

In addition to outlining pathways, Figure 1.1 represents the potential foci for management
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action at all levels in catchment ecosystems, aimed either at offsetting adverse change,
promoting desirable change, or maintaining currently desirable status. At the same time,

Figure 1.1 indicates the many present uncertainties. In many respects, therefore, this paradigm
represents both the opportunities and difficulties in the incorporation of scientific principles
into catchment management. On the one hand, opportunities exist to use good science in
management to derive a wide range of benefits, or avoid environmental costs. On the other
hand, there are problems in taking these opportunities for reasons that include:

i)

vi)

vii)

viii)

Scientific uncertainties

Gaps in scientific knowledge, particularly those that could form the basis of
quantitative, process-orientated models that unite some or all of the components
illustrated in Figure 1.1.

Procedural difficulties, for example because catchment plans are statements of issues,
rather than true prescriptions for action relating scientific cause and effect.

Organisational deficiencies, for example because use is made of river catchments for
many purposes unconnected with aquatic ecosystems (such as agriculture, forestry,
urbanisation, transport and tourism), and by bodies whose activities have profound
consequences for freshwaters, yet over whom river managers have little statutory
influence.

Managerial decisions that reflect political relationships between organisations and
individuals rather than environmental understanding.

Inadequate use of scientific knowledge, or inadequate translation of available
knowledge into usable "tools'

The complexity of catchments, coupled with a tendency for managerial decisions and
science to reflect reductionism and isolated functions rather than holism and cross

functional relationships.

A general mis-match between what scientists deliver, and what managers need.

These themes are expanded in subsequent chapters. They indicate, however, that clear
priorities from the development of catchment science and for realising its potential, should be:

)

ii)

i)

to provide scientific outputs of a form serviceable for management as indicated on
Figure 1.1.

to examine the science implicit or explicit in those tools used as part of current best
practice.

to evaluate scientifically the value of those tools currently used in catchment planning.
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iv) to examine ways in which tools could be used more effectively.

V) to provide new tools.

1.2 The Feasibility and Scoping Study

To examine some of these issues more fully, a small working group was established and, with
financial support from the National Rivers Authority, the Natural Environment Research
Council, English Nature and the Economic and Social Research Council, the group
commissioned a Feasibility and Scoping Study into Catchment Ecosystem Research and
Development. The study began in April 1994 and was undertaken by Professor A G Hildrew
and Dr J D Hutchinson (Queen Mary and Westfield College, University of London) and Dr
S J Ormerod (University of Wales, Cardiff). Advice on the direction and progress of the study
was given by a Steering Group, which met on seven occasions, and consisted of the following
academic scientists and managers/practitioners:

Mr M E Bramley National Rivers Authority, Head Office

Dr J M Elliott Freshwater Biological Association

Dr A J D Ferguson National Rivers Authority, Anglian Region
Dr D M Harper University of Leicester

Dr J M Hellawell English Nature

Prof. A G Hildrew Queen Mary and Westfield College

Dr J D Hutchinson Queen Mary and Westfield College

Dr S J Ormerod University of Wales, Cardiff

Prof. G E Petts University of Birmingham

Prof. A D Pickering Institute of Freshwater Ecology

Dr R A Sweeting National Rivers Authority, Thames Region
Prof. P G Whitehead University of Reading [previously NERC IH]

1.3 Aims and Objectives

1.3.1 Overall objective
The overall objective was to examine the feasibility of undertaking a programme of research
and/or development on human impacts on catchment ecosystems that would be both of high

scientific calibre and of significant practical use for the sustainable management of catchments.
If affirmative, the study would produce detailed plans outlining the programme.

1.3.2 Specific objectives
The various specific objectives, and the chapters where these are discussed, are as follows:

1. Summarise the extent of present scientific knowledge and key on-going research
initiatives and areas of scientific interest about river catchments (Chapters 2 and 4).
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2. Describe the key management issues/objectives about river catchments, including
training (Chapters 3 and 6).

3. Identify areas with the greatest potential for significant improvement in
efficiency/effectiveness of catchment management, and describe the scale of benefits
which would accrue from different management options (Chapters 5, 6 and 7).

4. Review options for a managed programme of research (including "do nothing") and
identify the preferred option (including broad costs and timescales) (Chapter 7).

5. Identify main risks and uncertainties, and develop approaches which minimise these
(Chapters 7 and 8).

6. Identify the component projects within vény proposed programme. For each, set out key
features, describe relevant scientific and management objectives, provide a breakdown
into appropriate work packages and estimate resource requirements (Chapter 8).

7. Review options for, and propose programme/project management structure (Chapter
8).
8. Present results in the form of a feasibility report, complete with programme plans and

project/package descriptions.

As a result of guidance from the Steering Group, it was decided that the feasibility study should
include wide consultation with the scientific and management communities through a
Workshop.

The results of consultations, designed to elucidate areas of scientific weaknesses and
management concern where research could potentially provide greatest benefits (Objectives 1
and 3), produced lists demonstrating 15 main areas of scientific weakness (Table 2.1) and 37
areas of management concern (Table 3.1). These areas exhibit some overlap and were divided
into several component topics. The Steering Group recognised that production of a detailed
breakdown into project descriptions/work packages for each of these identified areas
(Objectives 6 and 8) would be extremely complex, and consequently agreed that only the
research programme would be devised at this stage (see Chapter 8 and Appendix 2 - Catchment
Ecosystem Research Initiative (CERI) - Thematic Programme Proposal to NERC). The
detailed breakdown would be developed at the outset of any proposed research programme.

As part of the study, the project team attempted to provide a general review of the main areas
- of benefit and broad costs of a programme of research and development (see Chapter 7).
While some attempt was made to indicate the costs and benefits associated with particular
options of existing and new R & D, more detailed analyses of this kind would have to form
part of any further specific project planning. Consideration of the costs, risks and benefits
associated with alternative management systems, including valuations of the environment is a
challenging area of research itself, that would have to be well represented, through the
socioeconomics community and the ESRC, in the final recommended programme.
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1.4 Approach

To satisfy specific objective 1 (see 1.3.2), which would guide all the others, the approach was
to compile a database of present catchment research activities. For this purpose, information
on R&D studies, projects and specific programmes was required as follows:

NRA R&D projects,

NERC studies and research initiatives,

English Nature, Scottish Natural Heritage and Countryside Council for Wales projects,
NGO/voluntary sector activities,

research in universities and educational institutions in the UK, and

projects being undertaken in overseas universities and institutes.

An important part of specific objective 3 was to identify the major gaps and uncertainties in
catchment management and catchment science in order to prioritise areas for future research
and development. For this, the Project Team contacted many people with an interest in
catchment management, the conservation of aquatic habitats, and/or academic research into
catchment science in the UK and overseas, so that their views and knowledge were reflected
accurately.

Letters outlining the background to the project and requesting information were sent to 177
members of the UK " freshwater community' including representatives from the Universities,
Institutes, Government Departments (MAFF, SOAFD, DoE, Welsh Office), Research Councils
and potential “End Users' (i.e. organisations which can use the outcome of scientific research
in their management roles). Such End User organisations contacted during this study included
English Nature, Scottish Natural Heritage, Countryside Council for Wales, the NRA, the
Scottish River Purification Boards, SNIFFER, Wildlife and Countryside Link, Wildlife Trusts,
RSPB, LEAF (Linking Environment and Farming), and the National Trust. [Annex 1]. The
EU was also contacted (primarily on the basis of its role as a research commissioning
organisation). In addition, comments were invited by letter from a further 326 relevant,
overseas contacts (68.7% from USA and Canada, 18.4% from Europe, 8.3% from Australia
and New Zealand, 4.6% from elsewhere, including the Far East, Africa, South America, India
and Iceland) [Annex 2].

QueStions varied slightly depending on whether the addressee was a fundamental scientist or
a person or organisation using science in applied ways, from the UK or overseas, but, in
general, covered their views on the following:

management problems of local river systems,
catchment-related research currently being undertaken,

° whether and, if so, how scientific knowledge obtained from research is interpreted and
implemented in management and conservation activities,

. if there are any perceived gaps in scientific knowledge related to catchment
management that could usefully be addressed,

o whether there are any uncertainties that could potentially be remedled by environmental
research?
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Details on specific site studies were requested from each respondent, as follows:

Location of the project

Geographical and temporal scales (i.e. how big an area, how long a time)

Resolution (i.e. how many sampling sites, what frequency of observations)

Targets (e.g. microbes, algae, fish, water quality, systems)

Scientific aims of the project (if any)

Management and/or conservation aims of the project (e.g was the project initiated to
address a specific management problem, or will it be of potential use in dealing with
an underlying problem, or is it of "strategic' value (i.e. of long-term benefit but not
necessarily of immediate management value?)

o Copies of any relevant documents.

The response rate from the UK was 46% and from overseas 17%. The quality of responses
varied considerably; some letters only consisted of a list of further contact names, other replies
provided detailed descriptions of current projects together with sets of reprints and other
publications. Most respondents supplied information between these two extremes.

The data were then examined to determine whether effort was being expended (a) at geographic
scales below that of the whole catchment (for instance, at the laboratory microcosm up to the
river reach scale)?, (b) on studies which did not include both some level of study of the
physico-chemical environment (hydrology, geomorphology, water quality) and some attention
to any element of the biota?, and (c) whether most effort was being undertaken without
potential management applications in view? (Chapter 4)

An Announcement introducing the study was published in the Societas Internationalis
Limnologiae (SIL) Newsletter, the British Ecological Society Bulletin, Freshwater News,
Circulation and The Brief (a newsletter published by the NRA), with the inclusion of a contact
address for anyone interested in contributing to the project. A similar announcement was made
at the Freshwater Biological Association's Annual Scientific Meeting on 21-22 July 1994.

More detailed consultations were held with 75 UK scientists and managers from a range of
organisations involved in catchment issues, in order to obtain detailed information and
comment. These organisations included MAFF, ESRC, WRc, IH, IFE, ITE, English Nature,
CCW, the Welsh Office and the NRA [Annex 3]. In total, 60 NRA staff were consulted about
this project either by letter, by formal discussion meetings or by informal conversations at
conferences and meetings. The Project Team tried to ensure that all function areas were
represented in these discussions.

Other approaches to gathering relevant information included perusal of the scientific literature
and examination of the NRA's Catchment Management Plans, to identify key issues and
uncertainties in catchment management and to determine whether these are national or regional
problems, and then to identify a range of key practical questions to which environmental
science could potentially provide answers. Forty-two CMP consultation reports were examined
during the course of the scoping study [Annex 4].
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A workshop on the Catchment Ecosystem Research Initiative was held in Cardiff on 14 and 15

September 1994. This formed part of the overall consultation process by exposing the-
preliminary findings of the Project Team to a wider community of scientists and managers.

The Workshop was attended by two overseas delegates, Dr D D Hart (Academy of Natural

Sciences, Philadelphia) and Dr P S Giller (University College, Cork), and by 48 members of
the UK community [Annex 5]. Conservation organisations were represented by delegates from
English Nature, Scottish Natural Heritage, The National Trust and Pond Action and other

participants included representatives from the National Rivers Authority, NERC Institutes (IFE

and IH), the FBA, WRc, Hydraulics Research and many Universities. Invitations were also

sent to DoE, MAFF, ESRC and NERC (ITE) but representatives from these organisations were

unfortunately unable to attend.

The specific objectives of the Workshop were:

. to identify areas in which transfer of existing knowledge or understanding could benefit
management. ‘

. to identify areas where existing knowledge and understanding is inadequate.

o to consider, and originate, general plans for new research organised around the theme

of scale, pattern and process in catchment ecosystems.

A background paper was circulated to delegates before the Workshop. This included

o brief indications of some of the perceived gaps in current understanding, as articulated
by staff of the NRA and other consultees. »

. a few examples of what "technology" (concepts, knowledge, understanding, models)
could be transferred and how this might be achieved.

o presentation of a conceptual framework for a programme of large-scale, co-ordinated
research. :

A full account of the Workshop can be found in a separate report (Hutchinson et al 1995)' but
the main findings are represented in this document.

An iterative process was used to prioritise management issues of most concern (Chapter 3).
This process involved noting the frequency with which such issues were mentioned during
consultations with NRA and other management personnel and in responses to the circulated
letter, consideration of issues listed in NRA Catchment Management Plan Consultation
Reports, discussions of management issues during a meeting of senior managers held at the
NRA Head Office, prioritisation by senior managers of a circulated list of issues, discussions
at the Workshop, review by the Steering Committee, and professional judgement. A similar
iterative process was used to identify and prioritise areas of scientific weakness (Chapter 2).
This was based mainly on responses to the circulated letter and consultations with scientists,
discussions with senior managers during a meeting at NRA Head Office, discussions at the
Workshop, review by the Steering Committee and professional knowledge and judgement.

1 Available from the R&D Management Support Officer, Environment Agency, Anglian Region.
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Both lists of priorities were scrutinised to identify:

. areas of scientific knowledge which presently were not being effectively used by
managers;
. areas where the science base was presently inadequate for use by managers but where

scientific interests with a reasonable expectation of early progress could be matched to
management needs;

° areas where management identified issues but scientific knowledge is inadequate and
there is no immediate prospect of providing information.

The NRA's research portfolio was also examined during the course of the study. It is
acknowledged that work is already ongoing and any future research programme will build on
this sound base.

The results of the study were then reviewed and evaluated to identify/confirm:

best present practice
available research results not yet transferred into practice
. research "in the pipeline’.

Potential options for future research and development were then identified and assessed as to
feasibility and benefits. The process of prioritisation/feasibility sought to maximise benefits
to managers and to develop a programme which aims to produce the maximum management
and scientific benefits per £ spent. Costs of each suggested programme option were also
appraised to determine which option provided greatest benefit relative to cost.

Thus, to summarise, during the course of this study, we have

reviewed current scientific knowledge and identified and prioritised areas of weakness
identified and prioritised management issues ,
developed a programme of integrated research aimed to produce the maximum
management and scientific benefits for the cost involved

L assessed the feasibility of the programme.
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2. PRESENT SCIENTIFIC KNOWLEDGE AND ITS
APPLICATIONS IN MANAGEMENT: WHAT DOES
SCIENCE DELIVER?

This chapter deals, first, with the case for the scientific study of catchment ecosystems and then
goes on to give a general statement of areas in which knowledge and understanding is relatively
secure and of key gaps and questions remaining. Catchment science is dealt with separately
under three headings - physical/chemical, life, and holistic ecosystem sciences - and the applied
significance of each is briefly mentioned. Finally, the fifteen key science questions identified
are prioritized on the basis of three criteria - interest, feasibility and capability.

2.1 The Science Landscape

2.1.1 Introduction - why catchment science?

The pathways by which water moves through terrestrial ecosystems are of crucial ecological
significance. Water is the main agent of the biogeochemical processes that determine the
retention and output of materials (including particles and dissolved substances) downslope and
ultimately to the sea. The juxtaposition of the simple ideas that the landscape is naturally
divided into hydrological catchments, separated by boundaries or ~watersheds', and that we
can determine input/output budgets of materials and energy for such catchment units, has led
to some of the most important advances in modern ecology. Such catchments are the
ecosystem units of landscape, tending naturally towards the state in which most inputs and
outputs of energy are in the form of light and heat, and within which nutrients are recycled
with high efficiency so that recycling is quantitatively more important than the limited
exchange with neighbouring systems.

There has been strong scientific interest on the control processes operating in catchment
ecosystems, including those in the purely terrestrial subsystem (in forest soils, for instance),
in the land/water interface and on control processes within channels (in nutrient retention, for
instance). Understanding these controls has necessitated studying processes in inter- and multi-
disciplinary teams, and at fairly large spatio-temporal scales (though this inevitably creates
problems of experimental replication). There is also a great deal of wider relevance in such
research, however, since it can identify the underlying determinants of state and sustainability
in catchment ecosystems.

There are international examples of such large scale research that are encouraging in showing
that large scale ecology can be linked with management problems. The Canadian Experimental
Lakes Area (ELA) has been the focus of applied ecological research since 1968, and both
communities and ecosystems have been studied in lakes that were deliberately perturbed with
nutrients and strong acids to simulate contemporary lake management problems (Schindler
1994). While providing abundant first rate research, these studies also suggested a scientific
basis for the management of eutrophication and acidification. They established base-line
conditions against which to gauge environmental change, while demonstrating that it took
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“several years for many features of communities and ecosystems to reach a steady state,
revealing the pitfalls of using short-term studies to guide applied ecology.' Further, the
classic, long-term studies at Hubbard Brook, led to the discovery of acid-precipitation in the
United States and established, through their unique experiments, the impacts of land-use
practices including forestry (Likens 1992). These and other long-term, large-scale projects
demonstrate that such coordinated research is one way, and perhaps the surest way, to do
rigorous fundamental science which is also of use to society.

2.1.2. The nature of the catchment science landscape

The environmental sciences of catchment ecosystems can be categorised into three broad
subject areas. First, there are the physical sciences which address processes controlling the
quantity and pattern of flow through catchments, the generation and transport of sediments, and
the form and function of river channels and floodplains as well as a variety of other catchment
features. Water “quality', broadly the chemical constitution of natural waters, is also
addressed by the physical environmental sciences. Secondly, the life sciences centre upon the
nature, abundance and diversity of living things within catchments: how to categorise and
classify them, how their populations are controlled, and how they interact with each other and
their environment. They have intrinsic value, which is increasingly emphasised in the issue
of biodiversity. Thirdly, physical, life and, crucially, socioeconomic sciences come together
in the holistic study of catchment ecosystems: how both living (including human) and physical
components interact to control biogeochemical cycles, for instance. Since key controlling
processes in catchment ecosystems everywhere are so clearly modified by human activities, the
socioeconomic sciences are central to the holistic study of catchments (because socioeconomists
address decisions made by humans in their interactions with catchments). A prime example
of a socioeconomic science question, therefore, is how realistically to evaluate natural
resources and ecosystem services.

In the following sections (2.1.3,2.1.4 and 2.1.5) we survey the physical and life sciences, and
“holistic catchment science' and, at the end of each section, we describe key science gaps and
questions.

2.1.3 Physical/chemical sciences

The importance of physical processes to the management of rivers has long been recognised:
flood defence, the safe disposal and transport of pollutants, or the development of water
resources, for example, all require sound knowledge of river hydrology, hydraulics and
sediment dynamics. Increasingly, however, the physical environment and structure of rivers
is seen as an important area of management in its own right; examples include emphasis on
geomorphology in river conservation, river restoration, and the monitoring of river habitats
(RHS). Fluvial processes, indeed, provide a pivotal link between catchment-scale change in
land use and effects on important river resources (see Fig. 1.1).

There is a very extensive and relatively precise knowledge and model base dealing with the

R&D Technical Report W54 12



processes of runoff and stormflow from headwater (and particularly small) catchments. Lag-
time and baseflow are well understood, and we have been able to classify and understand river
regimes and flow duration curves. Linkage of hydrological processes and flow response
becomes progressively less assured for large catchments and for rivers with an increasing
contribution from ground water and with functional floodplains. There is, however, a
sophisticated knowledge of the statistics and prediction of flood frequencies.

Processes controlling sediment yield from hill slopes are well understood at the small plot
scale; spatial and temporal variations, and the factors influencing them, are relatively well
known. Other physical features, including water temperatures and dissolved gases such as
oxygen, have been extensively studied. Problems and uncertainties remaining are mainly with
larger UK catchments and with integration of small with large scales in space and time.

In the context of spatial patterns of hydrological processes, we have a good understanding of
the runoff pathways which generate discharge from headwater catchments and their relative
dynamics under different antecedent and current hydrological conditions. We also have a
variety of hydrological and hydraulic modelling tools which allow us to estimate the temporal
pattern of discharge at different sites through the channel network at the scales of small to
medium-sized catchments. Furthermore, our ability to model subsurface, particularly
groundwater, movement is also good for small to medium-sized catchment areas. However,
there are two major research needs if we are to develop models linking hydrology and
geomorphology:

@@ the modelling of hydrological processes in areas of low relief, particularly the
movements and interactions of surface and groundwaters through the river margin (i.e.
the land-water interface).

(i)  although we have the ability to estimate flow frequency and duration characteristics for
particular locations on river channel networks with reasonable accuracy, we know little
of the significance of flows of particular frequencies or of the temporal sequencing of
flows for aquatic communities.

Such flow characteristics are important in their own right and also because they relate to water
quality.

With regard to sediment transport, we have a fairly good understanding of the fundamental
controls on the erosion of hillslopes and floodplain surfaces at the plot scale, but our ability
to model sediment delivery processes from small areas across entire hillslopes to river channel
systems remains poor. Where floodplains are extensive, our knowledge of sediment delivery
processes is particularly weak. Processes of in-channel sediment mobilisation, transport and
deposition are associated with the discharge regime and the availability of sediment of
particular sizes within the channel and riparian zone. From an ecological perspective, fine
sediments are of particular significance, not only because of the physical effects of fine
sediment on biota, but also because they influence the dynamics of pollutants.

Sediment transport and flow influence channel morphology and the calibre of sediments present
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on the channel banks and bed. We have a good understanding of the general principles of
fluvial erosion, transport and deposition of sediment. Our knowledge becomes increasingly
restricted, however, when we consider the nature of such processes at the local scale integrated
in channels of complex morphology and that are influenced by factors such as the seasonal
variation in the character and biomass of in-channel and riparian vegetation, tree roots and
woody debris. Such influences may affect the nature and availability of physical habitat within
the channel and also the degree to which the character of available physical habitat may evolve
through time with adjustments in channel morphology and bed sediment character.

We have hydraulic models and an understanding of fluid dynamics which can accurately
represent the broad character of three dimensional flow processes in large river channels.
However, present knowledge/techniquescannot describe the detail of flow processes in channel
systems of complex geometry and morphology and of high roughness to a degree which will
enable us to understand subtle ecological impacts. In particular, mixing processes, which
control the detailed three-dimensional character of water quality and temperature at the
microhabitat to reach scales, may be critical to aquatic ecology but are not well represented by
the modelling tools that are currently available. This is particularly true of transient storage
(or “dead') zones that are a feature of natural channels.

In short, our ability to model hillslope, subcatchment and catchment-scale hydrological
processes is good, as is our ability to model within-channel hydraulic processes, including
those relating to the erosion, transport and deposition of sediment. However, all of these
modelling abilities are available at a scale which is appropriate to water resources rather than
to ecological management. The subtleties of ecological response require (1) a higher spatial and
temporal resolution than is currently feasible in our modelling, (2) a clearer understanding of
the interactions between hillslope-floodplain-riparian-channel processes, and (3) new
instruments to characterise the high-resolution interactions required to support the validation
of new modelling tools. Natural and anthropogenic fluctuations in the physical environment
(e.g. peak flow events) act as disturbances to ecological systems. A disturbance may be
defined as any event which removes (e.g. kills) organisms or changes the relative supply of
limiting resources to organisms. Understanding and relating the physical nature of disturbances
(i.e. their frequency, intensity and spatial extent) to their ecological effects, is a crucial area
in catchment ecosystems.

Like physical processes, the chemical environment links the catchment, river system and
floodplain. Fluxes of materials between the atmosphere, drainage basin and aquatic ecosystems
are clearly important to the transport of pollutants and nutrients. Perhaps most importantly,
chemical processes are central to the exposure of organisms - including people - to potentially
harmful substances. For this reason above all others, better understanding of the chemical
environment of rivers is central to setting realistic 'safe' levels for contaminants.

Understanding the chemical environment is fundamental to understanding the processes
involved in ecotoxicology, eutrophication, etc. Descriptions of the natural chemical constitution
of surface waters are numerous, though detailed knowledge of processes, fluxes and controls
is more problematic. Difficulties in extrapolating from simple ecotoxicological data (often
laboratory based) to complex real ecosystems still bewilder attempts to make ecotoxicology
environmentally relevant. We clearly understand the processes determining average
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concentrations of the major ions and their short term fluctuations. The control of acidity is
very well known, as is its link with aluminium concentration. Knowledge of the spatial and
temporal variations in the major plant nutrients is extensive but understanding the processes
controlling them is much less certain (this compromises our ability to control eutrophication).
A major concern is the management of "safe' levels of contamination. Little research has been
undertaken on this issue to date and particular focussing of scientific effort towards this aspect
is, therefore, required. There are particular concerns about the biological effects of pollutants
in mixtures, about the relative effects of point and diffuse sources, and about the relative
importance of chronic/episodic fluctuations.

Key scientific questions and/or knowledge gaps® in the area of physical/chemical sciences,
therefore, can be summarised as follows:

1 What are the temporal and spatial characteristics of sediment transport in catchments,
and what are the wider ecosystem effects?

We need a multi-scale view, from “plot' to whole catchment and
from short to long term, of sediment transport. Sediment
transport, erosion and deposition all impact upon the stability of
the channel and its size, plus fluvial form and pattern, the
calibre of the channel bed and floodplain materials, and thus the
character and dynamics of habitats within the channel, riparian

and floodplain.
2) What are the direct and indirect effects of flows and sediment transport on
a) flow, substratum stability and channel forms?
b) processes of mixing and retention in rivers, from the micro- to the reach scale,
including interactions with water quality?
c) ground water/river interactions?
d) interstitial/surface interactions?

In terms of geochemistry and water quality, we need a multi-
scale model of mixing and retention. It is likely that the integrity
of this physical environment, including riverine interactions with
floodplains and the sub-surface system, is a major determinative
of long term persistence and sustainability of catchment
ecosystems.

3) Knowledge of basic biogeochemical processes is insufficient for a generally applicable,
catchment scale model incorporating routes, flows and transformations of materials in
catchments (including soils, riparian zones, hyporheic zones, biofilms and water

2 At the end of each of 2.1.3, 2.1.4 and 2.1.5 a set of key questions/knowledge gaps is identified. These points
are identified by numbers in the left margin and key words/phrases are underlined. These numbers and key phrases are
then referred to in the science prioritization process undertaken in Section 2.1.6. Italicised text provides further
explanation of each point raised.
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column).

Ecosystems, such as catchments, are characterized by internal
cycles and by interactions between sub-systems and neighbouring
ecosystems. The nature of biological, geological and
hydrological inputs and outputs, at all scales in catchment
ecosystems, needs more systematic attention to allow a clearer
understanding of the behaviour and management of pollutants.

2.1.4 Life sciences

The life sciences can be thought of as occupying a series of “levels of organisation' building
from biologically important active molecules, at the lowest level, to the activities of many
species in communities and ecosystems, at the highest level. While molecular, physiological
and behavioural processes can help identify influences on diversity at the genetic level (and can
provide specific novel markers and/or tools of use in catchment management), the main life
sciences of relevance to catchment ecosystems are based at the higher levels of organisation,
including taxonomy (the identification of living things), population ecology (studying the
factors governing the abundance and distribution of single species), community ecology
(concerned with pattern and process in assemblages of species, including controls on
biodiversity), and ecosystem ecology® (the role of living things in the energetics and
biogeochemical cycles of environmental systems).

Taxonomy and the biota '

The ability to identify the biota of rivers is one of the most basic requirements for assessing
biodiversity, for using ecological indicators, and for understanding the desirable and
undesirable effects of catchment management on important species and communities.
Increasingly - but in some spheres only recently - the focus of taxonomy has shifted away from -
being an end itself to being an important mainstay of applied ecology.

Viewed from an international standpoint, there exists a relatively sound taxonomic and
ecological basis for managing rivers and other freshwaters in the UK. This is mainly due to
the history and development of the sciences of taxonomy and ecology (in a general sense) and
to the climatic, topographic and biogeographic setting of the British Isles. We have a
magnificent legacy of natural history and taxonomy, so that many elements of our fauna and
flora are extremely well known in comparison with almost anywhere else. British ecologists
have also played a pioneering role in the theoretical and empirical development of the subject.
The British Isles has a relatively limited biota, contributing to the ease with which organisms
can be identified and, as a north-temperate island, we can be relatively optimistic that more
generic ecological concepts and processes identified elsewhere in north-temperate Europe and
north America have some relevance to our situation.

Viruses, bacteria, and to a lesser extent fungi, as in any other habitat or system, are the least

3 Ecosystem ecology is dealt with in 2.1.5. “Holistic catchment science'.
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well known taxonomically, and they are mainly studied through their activities in processes
such as decomposition. Marked exceptions are some fungi (the aquatic hyphomycetes) that are
extremely well known in Britain and relatively easy to identify.

Protozoa are insufficiently studied in streams and rivers, though new descriptions and keys are
rapidly becoming available and this will inevitably lead to an increase in our knowledge of their
ecological role and value as biological indicators. Other members of the meiofauna (the
'infauna' of stream and river substrata) - including nematodes, rotifers, rhabdocoels,
microcrustacea and others, are still relatively “difficult' and are inaccessible except to
specialists. They may be very important in freshwater ecosystems.

While a few of the macroinvertebrates with aquatic immature stages still present difficulty with
the association of larvae and the named adults, we can identify the majority of
macroinvertebrates in British freshwaters. This ability is quite remarkable yet now seems to
be taken almost for granted, and it underlies a large number of the “tools' available to
managers. Similarly, the fish fauna of the British Isles is extremely well known as are the
amphibians and aquatic birds. Algal assemblages and their taxonomy have been more
thoroughly studied and generic identification is often fairly straightforward. Aquatic
macrophytes can also be routinely identified. ‘

Thus, with the exception of most microbes and many of the smaller invertebrates, our
knowledge of the composition of our freshwater biota and our ability to identify the species is
good, although there are many uncertainties in other aspects of their ecology.

Population ecology

The exploitation of important fish species, the emphasis on individual species in British and
Furopean conservation legislation (e.g. pearl mussel Margarifiter margarifiter, salmon Salmo
salar, otter Lutra lutra, bullhead Cottus gobio, Kingfisher Alcedo atthis), and the role of many
species as indicator organisms all require knowledge of natural factors influencing distribution
and abundance. In some instances, this may even include detailed population dynamics.

There are many descriptions and a good, site-specific knowledge of the distribution and
abundance of single species in freshwater, undoubtedly built on our ability to identify a
substantial fraction of the flora and fauna. This knowledge is strongly focused at small scales
in space and, particularly, in time. Thus, there is relatively little information, for freshwater
populations, of population dynamics over several to many generations of the species concerned
(marked exceptions include planktonic algae and salmonid fish). Therefore, the stability and
regulation of intergeneration population dynamics is not well understood. We know most
about the relationship between organisms and physical/chemical environmental variables, such
as temperature, oxygen, pH and calcium. There is also a fairly good store of ecophysiologica
information about tolerances and preferences. The behaviour of a small proportion of
macroinvertebrates, and of some fish, has been studied and there is a big literature on the
phenomenon and causes of stream drift (the downstream transport of normally bottom-living
invertebrates).

Studies on species interactions, particularly competition and predation, are numerous and have
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yielded, in some situations, clear evidence of interference competition for space among
sedentary species. The role of predation in controlling benthic populations has been shown
clearly in a few cases, while predation by fish often impacts upon populations of large-bodied
invertebrates. Field experiments revealed the important role of herbivory in controlling, in the
short term, the biomass, production and community structure of attached algae. The role of
herbivory on aquatic macrophytes is less certain.

The most important uncertainties are: a) that we know so little of microbial populations and
of the micro- and meiofauna, b) that we still have too few long term records of freshwater
populations in which the role of density dependent and density independent sources of mortality
is clearly distinguishable and, c) that the dynamics of patchily distributed populations are not
well understood.

Community ecology

As with population ecology, there is a strong managerial interest in the communities of plants
and animals in river systems. This includes features important to exploitation (e.g. on
predator-prey interaction between fish and birds), the selection of river reaches for
conservation (e.g. in SERCON and in the Holmes methodology employed by the Country
Agencies), and in the use of communities as biological indicators. In the latter case, the use and
appraisal of invertebrate communities in RIVPACS represents one of the most favoured
conceptual approaches for river monitoring and surveillance in the World (e.g. Norris 1995).
Communities also figure increasingly in ecotoxicological approaches to assessing river quality.
All these areas imply knowledge of community dynamics and inter-specific interaction.

Descriptive studies of invertebrate communities are well advanced and the means of classifying
water bodies, using multivariate statistical techniques, are widely available. We can thus
correlate community composition and diversity with a range of measured environmental
variables, though which is decisive is less clear. Geographical distributions within the British
Isles and longitudinal patterns along streams and rivers are well known for some groups,
mainly of macrophytes, fish and macroinvertebrates. Many community patterns, particularly
a marked fall in diversity in acid waters, seem to be a consequence of aspects of alkalinity and
hardness. The crucial role of disturbance (particularly due to high or low flows and to human
activities) is well established, and the importance of the physical heterogeneity and refugia has
recently been demonstrated. Various models of community structure have been proposed and
seem to apply in different circumstances and in different organisms, but clarification of this
area is needed. These models include: resource partitioning among coexisting species,
'metacommunity dynamics', patch dynamics, probability refugia, stochastic patch dynamics,
and disturbance control. Theory is well ahead of test in all these fields.

Our knowledge of the structure of freshwater food webs is patchy, there being detailed
descriptions of only a few rather simple examples. Informationpoints to the view that stream
and river food webs are very highly connected indeed and that omnivory is prevalent. It is
possible that food web structure varies systematically with environmental circumstances such
as the disturbance regime.

Overall, key scientific questions and/or knowledge gaps in the area of life sciences can be
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summarised as follows:

@) In the study of freshwater biodiversity:

a) there are poorly known elements, many of which may be functionally
significant, ’
b) we know little of the factors controlling ecological and genetic diversity

including the role of spatial scale and the relative importance of regional
diversity and local ecological processes.

How does biodiversity “sum up' across the landscale in
catchments? At what spatial scale do the differences in
biodiversity (for instance between streams draining different
geological types) become apparent; is it at the local "patch
scale' or are differences only apparent after the inclusion of a
substantial number of patches?

®)) Fully guantitative, long-term data in population ecology is usually insufficient for
modelling purposes:

a) particularly for non-salmonids and for young or " difficult' stages/ species (eggs,
adult insects, the meiofauna),

b) it is difficult to distinguish between deterministic and stochastic processes and
to model the population consequences of disturbance in spatially heterogeneous
habitats.

There are very few multi-generational life tables for freshwater
fauna which allow for the search for density dependence, for
instance, or for the parameterization of population models. This
is made more difficult because there are too many “black-holes’
in terms of unknown stages and rare or local species.

The heterogeneity of the natural habitat may impact on the
balance between density-dependent, biotic interactions, on the
one hand, and the role of density independent, stochastic
mortality, on the other. Physically “patchy’ habitats may
provide refugia from disturbances.

6) What are the spatial characteristics of freshwater populations in relation to the “nested’,
physical hierarchy of fluvial systems?

a) most existing studies are small scale and short term,
b) do metapopulation dynamics apply?
c) what is the role of patchiness and physical heterogeneity at a variety of scales

in evolution and population dynamics?
Freshwater populations may be divided by the physical hierarchy

of catchments into separate ‘cells', within which local
populations may persist for several/many generations and from
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which they can disperse. We need to examine genetic divergence
of local isolates of populations and species and genetic exchange
between them. Empirical studies of dispersal are also important.

) We need to develop and parameterize models applying to freshwater communities at a
range of spatio-temporal scales, including “meta community' dynamics, probability
refugia, stochastic patch dynamics and others. They must incorporate the continuous
mobility of individuals, particularly between patches, that may act as physical refugia
or as " source-sink' habitats.

®) Too little is known of persistence and change in freshwater communities, including:
a) natural variation and natural "baselines', and

b) responses to sustained, environmental change (including resiliance/resistance
across different scales)

We need to know more about natural variation and natural
baselines and about the relative effects of pulsed and chronic
disturbances.

9 Are patterns in freshwater food webs due to local ecological interactions or constraints,
or are they consequences of the wider scale, historical processes that may determine
regional diversity?

Are there patterns in connectance, omnivory, or predator-prey
ratios, for instance, that are attributable to disturbance, spatio-
temporal scale or to other factors? If we can improve the
“resolution’ of food webs, and include species that have hitherto
been largely ignored (such as the microbes and the meiofauna),
do food web patterns change substantially? Further, does the
manipulation of food webs (" Biomanipulation') offer novel
management tools in situations beyond shallow lakes?

2.1.5. Holistic catchment science: ecosystem processes and environmental economics

The responses of rivers to nutrient enrichment and acidification - two of the most pervasive
problems of British rivers - involve substantial change to key ecosystem processes such as
decomposition and production. Yet, the importance of such effects is often overlooked amid
projects which more often focus on species and communities.

The “metabolism' of freshwater systems is largely driven by catchment characteristics, and
several large scale studies have addressed inputs of nutrients and energy from catchment to
stream, particularly with respect to forestry practices and nitrogen inputs to stream water.
Inputs and depositions from the atmosphere have also been quantified. Running water
ecosystems are often mainly supported by allochthonous detritus of terrestrial origin. The
decomposition and incorporation of leaf litter has been very widely studied and the role of
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microbes and animals clarified. The incorporation of dissolved detritus is known mainly
through its uptake into biofilms which can be grazed by invertebrates. The microbial food
web is poorly understood in streams and rivers, however. Interactions between ground and
surface waters are presently being actively studied.

The longitudinal patterns in energy budgets (allochthonous vs autochthonous) and in functional
feeding groups of animals are now regarded as 'continua' rather than occupying discrete,
discontinuous zones, and a particular model of their sequential array, the 'river continuum
concept', has been widely tested. The river continuum concept has, rightly, drawn our
attention to linkages, in energy and materials, from upstream to downstream reaches of rivers.
Nutrient cycling in rivers, added to the longitudinal transport of materials with water flow, has
led to the 'nutrient spiralling' model. Studies of larger rivers in the Americas and Europe have
thrown some doubt on the postulated over-riding influence of longitudinal linkages (i.e.
transport from headwaters to downstream) as the providers of the "nutrition' for downstream
reaches. Lateral linkages to riparian forests and floodplains seem far more important in
providing allochthonous carbon for large lowland rivers. None of these studies has been
conducted on any river system in the UK, of whatever size.

*Holistic' catchment science necessarily includes the interactions between disciplines, such as
the underpinning physical and life sciences. However, there are presently major problems in
making syntheses between disciplines. These problems are partly due to the different scales
of approach adopted in different fields. Most studies of population processes have been
conducted at very small scales (“plots', “stations', “reaches') for instance, whereas the
ecosystem approach demands study at the whole catchment scale. This makes it difficult to
identify any importance attributable to any particular species (the focus of biodiversity) in
ecosystem processes. We also still know too little about the way fluctuations in the physico-
chemical environment (e.g. disturbances due to water quantity and quality) affect the biota.
This problem to integration presents a particular challenge in the incorporation of
socioeconomics within holistic catchment science, yet is clearly crucial to success.

It is impossible and undesirable to address whole fluvial systems as ecosystems without
incorporating human activities, that are in turn related to socioeconomic decision making at
whatever level. One of the major problems in assessing the environmental damage or benefit
of human activity has been the difficulty of appraising the socioeconomic value of
environmental features. 'Sure science' in this whole area is still difficult to define. To some
extent, this applies more acutely to 'non-use' values in ecosystems like river catchments, such
as landscape quality or the conservation of biodiversity. However, it has applied also to 'use’
values, such as the abstraction from rivers of good quality water, because the importance of
natural ecosystem process which control resource quality and quantity are neither easily
recognised nor easily costed. Methods for making such assessments are under development
(Turner 1993), though are not without critics (e.g. O'Riordan 1993). Nevertheless, work by
Turner, Barber, Pearce and others in the UK has shown that the 'use' values of natural
ecosystems can be large, so that the damage incurred either directly or indirectly as a result of
environmental degradation can be equally substantial. This remains an area fertile for important
research and development. For example, there is a need to predict the economic costs or
benefits of different management options, based perhaps on predictive models of ecological
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change (e.g. Ormerod er al 1988). Such links have already been made in predicting the effects
of different reductions in acid deposition on fish populations, linked in turn to the economic
benefits derived in fishery management (M. Hornung, ITE Merlewood, pers. comm.)

The range of techniques available for this purpose include:

a)

b)

c)

d)

Market Price/Effect on Production Approaches: one approach in this category is the -
dose-response technique, which determines the economic value of changes in
environmental quality by estimating the market value of the impact which these have
on changes in the output of an associated good. For example, changes in crop yield are
linked to changes in atmospheric pollutant concentration and deposition. The
replacement costs approach measures impacts on environmental assets in terms of the
costs of restoring or recreating the asset.

Travel Cost Method: the approach is based on the concept that people spend time and
money travelling to a recreational site and that these expenditures, or costs, can be
treated as revealing the demand for that site. Surveys of site visitors are undertaken to
determine the demand for the site where visit rates are a function of travel expenditure,
time, income, any entry fees, environmental characteristics and the availability of
substitute sites.

Hedonic Pricing Method: this is based on the concept that the price paid for a
complementary good (e.g. a piece of property) reflects the buyer's willingness to pay
for a particular environmental good (e.g. an adjoining river). Application requires the
use of regression analysis to determine the relationship between the market price of a
property and its attributes, of which one (set) relates to the associated environmental
characteristics. From this, the implicit price (as part of the overall property price) for
the associated environmental characteristics is derived.

Contingent Valuation Method: this relies on the creation of an hypothetical or
experimental market for an environmental good. Individuals are surveyed to determine
their willingness to pay for a specified change in the quality or quantity of the
environmental good. The mean willingness to pay value is then used to provide an
indication of the economic value of the specified change.

Key scientific questions and/or knowledge gaps in the area of holistic catchment sciences,
therefore, can be summarised as follows:

(10)

What is the importance of relatively well known small-scale processes for large-scale,
persistent patterns in catchments?

Catchment ecosystems are best known at the small ("plot') scale.
Processes within such patches are of doubtful relevance to
patterns as large scales in time and space. We need sustained
large scale research.
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(11) What is the role of species and of biodiversity in ecosystem processes?

There are indications that many ecosystems are characterised by
a few key species and/or strong interactions which may
determine system state (sometimes species act crucially as
“ecological engineers’).

(12) There are few catchment-scale models able to forecast the impacts of environmental
change (including human-related impacts). Some within-discipline models exist but the
integration of models has not yet been achieved. They will be crucial to forecasting the
ecological effects of different management activities - perhaps involving socioeconomic
instruments.

(13)  There is a need for a credible, widely accepted assessment of the economic value of
ecosystem "goods and services"; and the costs of restoration/rehabilitation work and
an objective ecological basis for environmental "targets' and standards relating to
thresholds and system resilience.

This is a challenge in environmental economics and can serve
both as an issue for research in its own right and also as a
means of focussing new research in other areas.

(14)  Ecological effects of the nature and temporal and spatial characteristics of chemical
perturbations, for instance: '

a) additive/synergistic effects,

b) repeated episodes,

c) multiple point sources. throughout a catchment,
d) indirect effects of chemistry,

e) acute and chronic,

f) xenobiotics and novel pollutants.

Chemical perturbations need to be brought within a conceptual
framework of ecological disturbances. Experimental
examination of repeated episodes is a high priority (how does the
frequency and/or severity of disturbance influence ecosystem
integrity?) Even more challenging is understanding the effect of
small (e.g. point source) impacts repeated frequently at multiple
points through ecosystems. A combination of empirical work on
dispersal and recolonisation, with modelling of spatially patchy
communities, might be effective.

Indirect effects of chemistry may be brought about by
“cascading' or ramifying' consequences of chemical
removal/reduaion of key species. These effects are known as a
consequence of eutrophication or acidification of lakes, for
instance. ‘
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(15) What are the direct and indirect biological effects of flows and sediment transport on
a wide range of organisms (particularly the long term effects), with particular reference
to the frequency and duration of stress?

The longer term effects of flow changes and their temporal
characteristics are still insufficiently known. This is particularly
true for organisms other than fish. Interactions between
hydraulics and intergenerational population dynamics, rather
than merely with short-term distribution and behaviour, are
likely to be complex and non-linear. The larger scale, longer
term, role of flow refugia for populations and communities
should be addressed.

2.1.6 Prioritizing the science interests

Our survey of the “science landscape' relating to catchment ecoystems drew on several
sources:

a) the scientific literature, including several key reviews (e.g. Calow and Petts 1994;
Giller er al. 1994; Harper and Ferguson 1995).

b) from a similar exercise carried out in the US " Freshwater Imperative' (1994).

c) from discussions at the Cardiff Workshop (Hutchinson ez al. 1995).

d) from our consultations with the science community in the UK and abroad.

e) from our own experience and expertise.

These have led to the identification of 15 key science questions and gaps identified under the
three sections Physical Sciences (2.1.3), Life Sciences (2.1.4) and Holistic Catchment Science
(2.1.5). We then iteratively prioritized them by the discussions and consultations mentioned
above. Prioritization has been on the basis of three criteria. These are:

. “interest' - whether the question is scientifically important and challenging and would,
if progress was made, lead to a major increase in our ability to understand and/or
predict the system.

o *feasibility' - whether progress is likely to be achievable (there is thus a judgement of
how "difficult' the question is).

o “capability' - whether the UK science community is well placed to attack the problem
in terms of facilities and expertise.

Note that prioritization at this stage is mainly on the basis of science criteria and not directly
on aspects of relevance to management issues (though the interests of scientists and users are
interrelated to a substantial degree). Consideration of end-user priorities, importance to
management and matching of science and application comes in later chapters (3 and 5
respectively). The results of prioritization are given in Table 2.1, below. Key questions and
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gaps are identified in the Table by reference to the numbers previously shown in the left hand
margin of Sections2.1.3, 2.1.4 and 2.1.5 above, followed by the key words/phrases underlined
in these sections. Subsequent columns in the Table rate each question as High (H), Medium
(M) or Low (L) according to the three criteria (interest, feasibility, capability), and in three
categories (H, M, L) of overall priority (judgement has been applied in our assessment of
overall priority). It should be stressed that all these key science gaps/questions are actually
challenging and of great interest - this process simply tries to ascribe ranks to a group of very
important topics. \

Table 2.1 Prioritizing the science questions and gaps.

Question/Gap ] Interest “Feasibility Capability Overall

Physical Sciences

(1) ..temporal and spatial characteristics of M L M M
sediment transport...

(2) ..effects of flows and sediment transport... H M M M
(3) ..basic biogeochemical processes... H M M M

Life Sciences

(4) ..freshwater biodiversity... H H L H
(5) ..quantitative, long-term population H H M H
ecology... ‘

(6) ..spatial characteristics of freshwater H M H H
populations. ..

(7) ..models applying to freshwater M L M M
communities. ..

(8) ..persistence and change in freshwater H H H H
communities. ..

(9) ..patterns in freshwater food webs... H L L L

Holistic Catchment Science

(10) ..small scale...large scale...patterns H M M H
(11) ..role of species...in ecosystems... H M L M
(12) ..catchment-scale models... H L L M
(13) ..assessment of...economic value... H M M M
(14) ..ecological effects of...chemical L L M L
perturbations. ..

(15) ..effects of flows...on organisms... M M M M

Note:  Further explanation of the categories used in the Table is given in Section 2.1.6
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3. CATCHMENT MANAGEMENT AND CATCHMENT
MANAGEMENT PLANNING: WHAT DOES
MANAGEMENT NEED?

This chapter, first, surveys present approaches to catchment management and catchment
management planning in the UK. It then goes on to list key technical gaps identified by end-
users. Possible links between science and management are identified and, finally, we have
prioritized management concerns under a list of two general and eleven specific
areas/questions.

Even where decision making is socio-economic and democratic catchment management will,
in ideal circumstances, operate from a rational basis of scientific understanding (cf Section
1.1.1). This principle, that good science should figure prominently in the activities of
organisations like the Environment Agency, is widely recognised in the academic (e.g.
Ferguson and Harper 1995) and government sectors (e.g. OST Technology Foresight
Programme). Of course, there would be distinct advantages if the use of good science involved
a predictive capability, based on holistic and integrated catchment models, through which
alternative scenarios of management intervention could be compared. At the same time, the
implementation of predictive, science-based management, can work only within the constraints
of current approaches to management. Equally, it can work only where problems are
effectively recognised and diagnosed. In this chapter, therefore, we review the current context
of catchment management in England and Wales, and we outline current perceptions of
management concern that were identified during our consultations.

3.1 Organisations in the UK with Statutory Responsibilities for River
Management ‘

In the United Kingdom the main organisations with responsibilities for the riverine
environment and/or catchment management and catchment management planning (either as
funding/commissioning organisations or organisations which can use the outcome of scientific
research in their management roles) are DoE, MAFF, the Environment Agency, English
Nature, CCW, SNH, the Countryside Commission, the Local Authorities, the Welsh Office
(Environment and Agriculture Departments), the Scottish Office Agriculture and Fisheries
Department (SOAFD) and Environment Department (SOEnD), River Purification
Boards/Islands Councils, the District Salmon Fisheries Boards, the Department of the
Environment for Northern Ireland, the Department of Agriculture for Northern Ireland, the
Council for Nature Conservation and Countryside and District Councils. Other key
organisations include the 10 water and sewerage companies and 22 water only companies, the
Water Services Association, the Water Companies' Association, the Office of Water Services
(OFWAT) and the Drinking Water Inspectorate (DWI).

The activities of these organisations need to be undertaken within the current relevant
legislation such as the Water Resources Act 1991, the Land Drainage Act 1991 and the Salmon
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TEXT BOX 2: Key Examples of EC Directives and Decisions relevant to NRA activities.

L Directive 75/440/EEC concerning the quality required of surface water intended for the abstraction
of drinking water in the Member States.
Directive 76/160/EEC concerning the quality of bathing water.

. Directive 76/464/EEC on pollution caused by certain dangerous substances discharged into the
aquatic environment of the Community.

. Decision 77/795/EEC establishing the common procedure for the exchange of information on the
quality of surface fresh water in the Community.

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

L Directive 79/869/EEC concerning the methods of measurement and frequency of sampling and
analysis of surface water intended for abstraction for drinking in the Member States.

. Directive 80/68/EEC on the protection of groundwater against pollutmn caused by certain

dangerous substances.
Directive 80/778/EEC on the quality of water for human consumpuon v
Directive 83/513/EEC on limit values and quality objectives for cadmium discharges.
Directive 84/156/EEC on limit values and quality objectwes for mercury dlscharges by sectors
~ other than the chlor-alkali electrolysis industry.
. Directive | 84/491/EEC on limit values and quality ob_]ecuves for drscharges of

- ]}u‘ecuve '86/28Q/EEC on limit values and quality objectrves for dlscharges of cenam dangerous 4
. substances mcluded in List 1 of the A:mex o Drrectrve 76/464!EEC . . '

ity.
on limit values and quahty
for drscharges of certain dangerous substances mcluded in Lrst 1 of the Annex o

_ Objectives for chscharges of certam dangemus substances mclnded on Irst I of the Annex to
 Directive 76/464/EEC. .
~ Directive 91/271/EEC concerning urban waste water treatment
- Drrectrve 91/676/EEC concernmgthe protectmnof waters agamstpollutroncausedby mtrates from j

. Drr tive 92/43/EEC on the conservation of natura} habxtats and of wrld fauna and ﬂora
- lraft EC Directive on the ecological quality of surface water (Mandl 1992)

and Freshwater Fisheries Act 1975 (NRA 1994a). Activities are also influenced by certain EC
Directives, key examples of which are shown in Text Box 2. Any future research proposals
would also need to take into account the aims and constraints of this legislative framework.

3.1.1 The Environment Agency
The Environment Agency merged the NRA, HMIP and the Waste Regulation Authorities for

England and Wales, while the equivalent Scottish regulators merged under a Scottish
Environmental Protection Agency. The Environment and Countryside Bill specifically states
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that, in pursuing its aims, the potential costs and benefits of the Agency's actions must be taken
into account. An important point is that the objectives and targets of the Agency should be
based on sound science (Anon 1994).

3.2 Key Management Issues and Objectives

The Mission and Aims of the NRA were set out in its Corporate Strategy document and its
Strategy documents for the seven core functions and for R&D (NRA 1993b-i). The Scottish
River Purification Boards/Islands Councils do not have all the functions of the NRA in England
and Wales and their roles have been described by Brown and Howell (1992) and Mackay
(1994).

The role of the country agencies (EN, SNH, and CCW) with respect to river systems lies
primarily in the identification and notification of features of nature conservation value, for
example, Sites of Special Scientific Interest (SSSIs), Environmentally Sensitive Areas (ESAs)
that impinge on rivers, and Ramsar sites that contain them or receive drainage. The three
national country agencies are also involved in a series of schemes designed to provide financial
aid for conservation. The Countryside Commission is responsible for the conservation and
enhancement of the natural beauty of the countryside and the opportunities for public
enjoyment. Its Countryside Stewardship Scheme provides support for relevant management
practices (Countryside Commission 1991). Other UK agri-environment measures include
Nitrate Sensitive Areas, the Countryside Premium Scheme, the Countryside Access scheme and
Set-aside.

3.3 Present Approaches to Catchment Management and Catchment
Planning

3.3.1 The NRA

The NRA (now the Environment Agency) operated through eight Regions and 26 Areas
broadly based on natural river catchment boundaries. As a result of the multiple uses of rivers,
the Environment Agency endeavours to take an integrated approach to environmental
management through the development of the catchment management planning concept. NRA
(1993a) specified their latest guidelines for Catchment Management Planning as summarised
in Figure 3.1.

Catchment Management Plans provide a valuable step in the process of integrated catchment
planning as well as usefully collating information from diverse sources into one document.
Examination of 42 CMP consultation reports [Annex 4] indicated that, numerically, most of
the specified issues related to water quality although, once the final plan has been developed,
the costs for implementing flood defence measures are usually greatest. Several points
emerged during examination of the CMPs where there may be potential for making
improvements. For example, most issues raised in the CMPs examined during the present
study relate to amelioration of present problems rather than to ongoing management activities;
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most of the catchment plans take a site-specific rather than an holistic approach to the
catchment issues; one or two cross-functional issues may be included but most of the issues are
arranged according to the separate Environment Agency functions; conflicts between function
areas

THE CMP PROCESS

INDICATIVE
TIMESCALE STEPS OUTPUTS WHO'S INVOLVED
u ! Set-up NRA NRA
-up
CMP Group
2 ldeatify mod
ify and .
and future NRA
catchment uscs (but may involve
informal liaison with
other organisations,
3 groups etc. on data
Identify environmental mnd ink on)
objectives/standards
for individual
catchment uscs
4 .
3 months Ideatify eaxchx.nent
Issues and options
NRA
\ 3 I Draft Consultation
: Draw-up Report version of
Consultation Report CMP
version of the CMP
6 months
6 M Consultation Report
. NRA Internal version of CMP (inchxdmgl R/ ‘Regional
consultation (full report and Committees)
. summary leaflet)
7 B Reporton NRA and all those
9 months External consultation involved in the
consultation process and findings future of the water
environment
% Draw-up Final @ Final Plan version
12 months Plan version of of CMP
the CMP
NRA and key
groups, organisations
B Monitoring 9 M  Annual Monitori and individuals
(end of years 2,3, etc.)| Monitor and Review e
. review the CMP
B Review
(end of year 5 or
a8 necessary)

Figure 3.1  Diagram showing the catchment management planning process.
[From NRA, 1993].
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are not always addressed; and few: catchment management plans include land use issues. Slater
et al (1995) noted that, if the NRA wish to have influence over land use decision-making, there
should be greater inclusion of land use data in CMP documents. Slater ez al (1993) pointed
out that, based on their study of nine CMPs and the relevant land use development plans (DPs),
there was poor integration between CMPs and DPs and recommended more effective
coordination.

The majority of the issues raised in the CMP consultation documents, therefore, lie under the
direct regulatory or operational control of the Environment Agency, thus increasing the
likelihood that the plan can be effected. For areas outside Environment Agency control, such
as rural land use or urban development, external support is required if implementation is to
proceed. The Environment Agency has now developed and introduced " Local Environment
Agency Plans' which will replace CMPs.

3.3.2 The country agencies

The country agencies are included among those many organisations consulted during the
NRA/Environment Agency's catchment management planning/Local Environment Agency
planning process. The country agencies have a statutory duty to notify owners and occupiers
of SSSIs. Owners and occupiers of SSSIs are, thereafter, required to give notice to their
country agency of any listed operations which they intend to carry out or permit to be carried
out. English Nature currently plans in terms of “natural areas' based on landform, geology,
etc., which cut across catchments, although they are trying to fit catchment management into
this "conceptual" framework and a report on this is due to be published in the near future
(Hellawell pers. comm.).

Where SSSIs overlap between Environment Agency regions and between country agencies,
there is close collaboration (e.g. over the Wye and Dee between English Nature and CCW).
Equally, the country agencies share the perspective that European legislation concerning
Special Areas of Conservation (SACs), among which several major rivers figure (e.g. Usk,
Wye, Teifi in Wales), will involve SSSI notification as a central conservation strategy. There
is recognition, however, that SSSI notification with respect to rivers is only a 'stop-gap'
measure, that has control only over some operations within the channel and riparian zone
(Boon 1991). Nature conservation at the catchment scale, along with landscape protection in
“the case of CCW, requires a wider perspective that might be possible only through larger
schemes; the expansion of existing tools such as SERCON (Boon ez al. 1994) might be one
way forward. Alternatively, the country agencies aid in the incorporation of nature
conservation targets into catchment management plans, that are in turn recognised in structure
plans; this provides one of the few legislatory vehicles for nature conservation planning at the
river catchment scale.

3.4 Key Perceived Gaps in Knowledge Related to Catchment Management

Implicit in all these foregoing considerations is a view that catchment management and
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planning operate from the best information available, using current best practice, and using
sound science where this is appropriate. Science uses in this case will involve both assessing
present catchment status, developing management options for maintenance or change,
predicting their effects, and appraising their effectiveness following implementation. Catchment
Management Plans (now Local Environment Agency Plans) which increasingly set targets and
derive strategies for their achievement will be particularly dependent on this predictive
capacity. However, consultations with a wide range of professionals involved with catchment
management, have revealed many areas of concern. These are areas where understanding and,
hence, the ability to manage effectively are currently limited; these are summarised in Table
3.1. It is important to note that the NRA are already addressing specific aspects of many of
these needs under discrete projects in their R & D programme, and examples are also given
in Table 3.1.

In this context, it is be important to consider several permutations through which catchment
science and management may be linked (Table 3.2). These range between extremes in which
scientific questions have no immediate relevance to management (Case A), through those in
which the best possible science is either used (Case B) or under-used in management (Case C),
to those where real management problems exist, and are insoluble from the current science
base (Case E). Case A represents instances likely to attract funding only from basic science
budgets (e.g NERC, EPSRC); Case B represents instances where the only requirement is to
continue the current use of science in management; Case C represents a need on the part of
user bodies such as Environment Agency to invest in development and science transfer; Case
D represents a potential need for the user community to invest in R & D, but only once basic
science has progressed. Case E, represents areas where there is need for funding from both
basic science budgets and from the user community. This scheme clearly will guide priorities
for decisions over science funding, and has formed part of the procedure for selecting areas
for priority action out of Table 3.1. An important considerationalso has been the need to build
further research and development onto existing initiatives in areas that most maximise benefit;
thus, the selection of priorities has involved considering how the greatest benefits arise where
investment extends usable information to levels beyond those that would accrue from
investment in wholly new areas.
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Table 3.1 Summary of management concerns arising from the consultation process.
Management Description/explanation Examples of NRA R&D
concerns projects

Scale mismatch
between scientific
knowledge and
management needs.

Relating species
toxicity tests to
ecosystem processes.

Provision of an
objective case for
conservation.

Predictive management
of catchments.

Holistic, cross-
functional planning
using predictive tools.

Establishment of
environmental quality
objectives.

Effective targeting of
resources for
environmental
improvement.

Defining targets for
physical restoration
projects.

Balancing
environmental quality
and local
social/economic needs.

General or conceptual uncertainties

Management is aimed at the sustainable, multiple use of
whole catchment ecosystems. The safest knowledge base
yet available, however, (i.e. that with the greatest
repeatability and predictability) concerns small-scale
processes and simple systems.

Toxicity testing normally involves assessing single species
responses to toxic substances in the laboratory. *Non-
linearities' in ecological systems, as well as complex,
indirect species interactions, limits the ability to predict
whole system responses (i.e. what will be the actual impact
in complex natural situations?)

Identification of “key species' and "strong interactions' in
catchment ecosystems will form part of an objective case
for conservation. Key species are those whose loss, for
instance, results in whole scale ecosystem change.

Predictive management needs predictive models and those
presently available in the separate disciplines are often of
restricted applicability.

Resolution of more complex conflicts of use, moreover,
requires integrated catchment or regional modelling
(interfacing bio-physical and socioeconomic models,
experience and research).

Setting objective environmental standards needs a rigorous
ecological assessment of their “meaning’ (i.e. what are the
consequences to sustainability of the standards not being
met?) '

What is a realistic or appropriate target for the physical
nature of river systems in river restoration/wetland
ecosystems? We need to provide the manager with a more
precise and identifiable definition of objectives.

Environmental quality and sustainability can be given
greater weight in strategic catchment and regional planning
only if there is a widely accepted and credible assessment
of the value of ecosystem "goods and services'.

Toxicity-based criteria for assessing
receiving water quality: To develop and
assess toxicity-based criteria in order to
assess the general quality of receiving
waters.

Development of environmental quality
standards: To develop environmental
quality standards (EQ's) for substances of
concern to the NRA.

Cost benefit assessment: To develop an
economic benefit methodology for
evaluating enviromental benefits resulting
from changes in water quality stemming
from improvements in effluent quality.

.../cont
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Table 3.1 (cont) Summary of management concerns arising from the consultation process

Management
concerns

Description/explanation

Examples of NRA R&D
projects

Management of water quality.

Predicting mobility,
transformations, accumulation
of toxic organics, metals, etc.
through catchments (and their
sediments) and development of
pollution “budgets'.

Use of rivers, riparian zones,
for ameliorating declines in
water quality.

Protecting and sustaining
*ecosystem integrity" in relation
to pollution.

Indicators of environmental
stress.

Assessing impacts of pollution
incidents

Resilient species for
reclamation of degraded
habitats.

Impact and management of
eutrophication.

Biogeochemistry/water quality

Better management of water quality would be
facilitated if we could provide authorities with an
assessment of more reliable “critical loads’ -
(levels of pollution entailing little or no impact on
ecosystem sustainability). Managers need, further,
to be provided with toxicity tests which are more
appropriate to the risks being evaluated.

We need to work towards catchment-scale
modelling of geo-chemical cycling which includes
key transfers across boundaries between
components (which would include soils and
riparian zones, for instance). Generic
understanding of hydrophobic chemical movements
is particularly important.

Is the restoration, creation of particular riparian
plant communities and/or hydrological pathways a
useful tool in water quality management? It has
been suggested, for instance, that the physical
restoration of fluvial morphology provides a viable
economic alternative to adopting even more
rigorous water quality objectives.

The knowledge base on the impact of pollutants
needs to provide managers with broader measures
of “ecosystem integrity' (whether a natural range
of species persists within a functioning ecosystem
sustaining primary and secondary productivities
and biogeochemical cycling).

We need to assess the impacts of pollution which

are due to:

*  interactions among components of the
effluent )

®  acute episodes rather than chronic conditions

e the degrading effects of large numbers of
small point sources throughout the
catchment.

The performance of presently available "tools’
against known experimental disturbances will
enhance their interpretation in operations.

Sediment toxicity test development -
insoluble substances: To develop
internationally standardised toxicity tests
for use with sediments contaminated with
sparingly water-soluble substances.

Effects of low level contaminants on
marine and estuarine benthic communities:
Experimental evaluation of the effects.

Method development: To provide suitable
selection tests for the ecotoxicological
assessment of effluent and receiving water

quality.

Joint nutrient study (JoNuS): To
understand the scale, trends and processes
of nutrient cycling in major estuaries and
coastal waters.

Metal speciation in rivers and estuaries:
To determine the chemical form of selected
metals.

Measures for protecting upland water
quality: To develop management practices
required for practical implementation of
Forest and Water Guidelines, in particular
the optimisation of buffer strip wi7dth in
forest planting.

Impact of pesticides on river ecology:

To assess the impact of different pesticides
on the structure and functioning of riverine
ecosystems.

.../ cont
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Table 3.1 (cont) Summary of management concerns arising from the consultation process

Management
concerns

Description/explanation

Examples of NRA R&D
projects

Reducing erosion.

Managing the physical
habitat for fish and other
taxa.

Physical transport of
pesticides and nutrients.

Managing flows in
regulated rivers.

Balancing water demand
with in-stream uses.

Ameliorating effects of
water abstraction.

Combined management of
water quality and quantity.

Designing channels to
render ecosystems more
diverse and resistant to
pollution events.

Assessing impacts of
impoundments, inter-basin
transfers and wetlands
management on aquatic
ecosystems.
Environmentally " friendly’
aquatic weed management.

Guiding river restoration
projects.

The physical environment and ecosystems

Pollution by physical sediment can be a major
problem in urban or intensively farmed
landscapes. We need means of reducing
sediment delivery to river systems.

This concerns the protection/provision by
management of flows, hydraulic habitats, fluvial
morphology and substratum suitable for
particular elements of the biota.

Particle-bound pesticides and nutrients are
transported in seston and as bed-load in rivers.
The basic science of these processes is of interest
to managers.

The quantity and temporal characteristics of river
flows are of great ecological importance. We
need means of optimising flows which make a
balance between maintaining minimum flow and
the need for occasional flushing flows.

Ecological-based guidelines are required which
define the in-stream flow requirements for
ecosystem integrity.

Can science provide indications of the least
damaging strategies for abstraction?

Chemical quality of water and discharge are
linked in natural ecosystems. Managers can
intervene in phytoplankton population dynamics
(and in the determination of algal standing crop)
by flow manipulations.

There are indications that naturally heterogenous
stream channels, with a large fraction of storage
(*dead') zones, render ecosystems more resistant
(and resilient) in the face of pollution episodes.
Such consideration could play a role in reducing
risk.

The ecological science of resistance, resilience
and recovery should provide a theoretical,
underpinning basis, for river restoration.

Impact of erosion of forest roads on water quality:
To study the natural erosion processes and rates
from mixed aggregate built roads in upland forests
and the impacts of heavy vehicles, in order to
identify impact on water quality.

Ecologically acceptable flows: To provide the
framework for an objective method of evaluation
of prescribed minimum flows based on the
recognition of ecologically acceptable flows
apposite to particular seasonal requirements of
aquatic life forms.

Total impact assessment of pollutants in rivers:
To investigate the pollution of streams draining
agricultural catchments and specifically, to
develop a simple model of the movement of
pesticides from the point of application to streams.

Determination of minimum acceptable flows: To
determine a methodology in order to establish
policy for setting minimum acceptable flows.

Aquatic weed control operation: To produce Best
Practice guidelines to promote efficient and
effective management practices.

/...cont.
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Table 3.1 (cont) Summary of management concerns arising from the consultation process

Management
concerns

Description/explanation

Examples of NRA R&D
projects

Predictive modelling for
the purposes of harvest or
conservation.

Predictive management of
the impact of exotic
species.

Conserving particular
species.

Habitat design, restoration
and rehabilitation.

How much woody debris
is necessary?

Large scale conservation
strategies.

Designing river reserves.
Objective case for the
preservation of “natural’
habitats.

Fisheries management.

Population Ecology

Managers need models which guide them in
setting catch quotas, in determining conservation
strategies for particular species and in assessing
restocking needs.

At present our ability to predict the success and
impact of exotic species is limited and is
certainly not "predictive'.

Species-specific knowledge is sometimes
inadequate for the needs of conservation.

Managers need to combine ecological knowledge
with hydraulic/fluvial morphology/hydrology
models to restore or “design’ habitats for
particular species or systems.

The crucial role of woody debris in providing
substrate, flow refugia, food, and in determining
retention is well known. Quantitative guidelines
need to be provided.

Managers need to know if the effectiveness of
reserves is enhanced by the presence of other
protected patches elsewhere in the landscape (or
is compromised by their absence).

What is the required minimum size of river
reserves for particular purposes?

We need to be able to define much more
effectively the value of naturally functioning
catchment ecosystems.

Quantitative models of fish populations are the
only safe basis for fisheries management.

Eel and elver stock assessment: To assess elver
stocks in the Severn Estuary together with elver
exploitation and its implications for river stocks.

Sea trout investigation: To review and evaluate
current knowledge, research and stock assessment
capability in relation to sea trout and to design a
cost effective programme of investigations for
effective, sustainable management of sea trout

" stocks.

Conservation of freshwater crayfish:

To assess the impact of introductions of non-
native crayfish and outbreaks of crayfish plague
on freshwater ecosystems and to formulate a
strategy for the conservation of the native species
(Austropotamobius pallipes).

Status of rare fish:

To determine the present status of rare fish in
certain lakes of England and Wales, and to
compile related information on the ecology and
genetic variation of these species which is
necessary to safeguard their population.

Assessing salmon stocks using a hydroacoustic
counter: To install, operate and evaluate a
hydroacoustic fish counter in order to produce
reliable data for stock management.

.../cont.
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Table 3.1 (cont) Summary of management concerns arising from the consultation process

Management
concerns

Description/explanation

Examples of NRA R&D
projects

Establishing conservation value,
designing conservation
measures.

Defining ecological "quality’
for
aquatic systems.

Defining "allowable damage to
ecosystems".
Measuring recovery.

Designing habitats for
community resilience.

Monitoring and detecting
change.

Statistical design of monitoring
programmes.

Measuring the resource.

Restoration/rehabilitation
programmes.

New ecological indicators based
on “system' properties, as a
basis for management.

Community Ecology

Knowledge of the scale and nature of patch-
interactions (in the physical catchment hierarchy)
offers a predictive base for assessing conservation
value and for devising the means of conservation.

Managers need to know: the risks-and powers of
recovery of natural systems and what frequency of
anthropogenic disturbance does not produce
degradation. This entails measuring natural rates
of recovery/recolonization at much larger scales
than has commonly been attempted hitherto.

Resilient communities recover quickly from
natural or anthropogenic disturbances, and the
natural physical heterogeneity of catchments plays
a role in this. We could encourage resilience,
therefore, by restoring or protecting habitat
heterogeneity of various kinds.

We need better means of detecting community
change, which is sustained or directional, against a
background of natural variation. This requires
better natural baseline information and first class
statistical design of monitoring programmes. We
also need to know how presently available metrics
and indices perform in experimental trials with
known perturbations.

Some elements of the biota are presently poorly
known.

These are presently empirical in nature, and could
be made more effective (and their cost/benefit
better calculated) if a theoretical basis was
developed.

Some “system properties’ (such as those of food
webs, for instance) may change predictably under
perturbation, and provide new kinds of indicators.
This is also true of new indicators based on
physiological or molecular markers or on various
kinds of sentinel' organisms.

Faunal richness of headwater streams:

To assess the conservation value of
headwater stream and macroinvertebrates
and their contribution to catchment
macroinvertebrate richness and determine
agricultural impacts upon them and propose
a conservation strategy.

Appraisal of conservation enhancement of
flood defence works:

To develop a method for post-project
appraisal of habitat conservation and
enhancement works and to assess the value
of such works in relation to natural
recovery from NRA operational schemes.
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Table 3.2 Possible permutations of links between science and management

Case  Science Base Management Uptake  Implications Ideal Action
A Good Irrelevant to Irrelevant to current Further development
management practice only for fundamental
reasons
B Good, available  Use in management Best possible practice Continue
effective achieved
C Good, available  Use in management Improved practice Invest in science
lacking possible transfer and
development
D Weak Current management  Improved practice Invest in research to
by intuition, expert possible improve/progress
judgement or derived science base
protocol
E Weak Management lacking  Improved practice Invest in research and
required management

Other information that guided prioritisation has been the frequency with which issues were
mentioned or ranked during consultations with NRA staff, or figure in catchment management
plans. Direct inputs from the Steering Committee, and our own professional judgement, were
also important, but not always central. Together, this procedure emphasised the list in Table
3.3, which can be organised around the following principal themes:

1. Environmental valuation and evaluation

This area embraces the assessment and prediction of benefits in ecological quality which arise
from management, and also their socio-economic valuation. It includes also the appraisal and
basis of tools such as RHS, SERCON, RIVPACS and general quality indices in catchment
management. Prime examples are general quality assessment and classification.

2. The impact and management of disturbances in catchment ecosystems.

This includes the assessment and prediction of effects by diffuse versus point-source
discharges, from episodic versus chronic discharges, from pollutants in mixtures, and the
linkage between ecotoxicology and real system response. It includes also improved
understanding of flow and sedimentary regimes, understanding links between the terrestrial and
aquatic features of catchment ecosystems, and of understanding and modifying features which
influence sensitivity to change. It also implies improved understanding of deterministic
influences on important ecological features and processes, and how important these are relative
to background variation.

We return to these priority areas in the subsequent chapters (see Table 5.1, Chapters 6, 7 and
8).
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Table 3.3 Overall priorities (High (H), Medium (M) or Low (L)) for management
outputs in specific topic areas.

(1) Scientific and economic basis for environmental quality objectives. (H)

(2) Assessing impact of, and recovery from, point/diffuse, episodic/chronic pollution. (H)

(3) How to measure impact and manage eutrophication and pesticide contamination. (H)

(4) How to manage the physical habitat for fish and other species. (M)

(5) How to model and manage the link between land-use (including agrochemical applications)
and contaminant cycling and transport in catchments. (H)

(6) Means of rendering ecosystems less sensitive to pollution. (M)

(7) How to design and restore habitats. (L)

(8) Measures of conservation quality and value. (L)

(9) Measuring and objectively defining “allowable damage' to ecosystems. (H)

(10) How to detect community change. (M)

(11)  Offering new/improved ecological indicators. (L)

R&D Technical Report W54 39



R&D Technical Report W54

40



4. REVIEW OF CATCHMENT-BASED RESEARCH
PROGRAMMES: ARE CURRENT APPROACHES
ENOUGH?

In this chapter we present the results of our survey of present research programmes on
freshwaters both in the UK and abroad. In the light of a perceived mismatch between the
capabilities of science (Chapter 2) and the needs of end users (Chapter 3) we concentrated on
the spatiotemporal scale of research and on whether it was multi-disciplinary in nature. We
also briefly consider other British research initiatives of various kinds, including previous
Community (Thematic) Programmes from Research Councils, to ensure maximum
complementarity and minimum overlap in any future research initiative.

4.1. UK Studies

4.1.1 Responses to standard letter

From the UK higher education establishments we received notices of some 82 separate
*projects', of which only nine dealt with scales of the whole catchments or above and dealt
with both biological and physicochemical elements of the system (see Table 4.1). Of the 38
projects at various institutes, 7 were large scale and ~multidisciplinary'.

Table 4.1 The focus of freshwater research in the UK: HEIs and NERC Institutes

Focus of interest Geographical Scale

Catchment or above Sub-catchment or below

Biological
and 9() ' 12 (6)
physico-chemical

Either

biological

or 16 (6) 45 (19)
physico-chemical

Even those projects which do address the scale of the catchment (merely defined as focusing
on a whole waterway plus giving some attention to processes or inputs from the terrestrial part
of the ecosystem) mainly dealt with small or rather special catchments. Further, no projects
address, in an integrated manner, the full range of ecosystem components (Table 4.2). Not
surprisingly, and with the marked exceptions of a very few projects based at research institutes,
nearly all British freshwater research is relatively small-scale and relatively short term (Table
4.3).
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Table 4.2 “Targets' of UK research.

Research area HE Institutes
establishments
(%) (%)
Physico-chemistry and Biology 25.6 342
Physico-chemistry only 28.1 18.4
Biology only 46.3 47.4

Total Physico-chemistry (i.e. Physico-chemistry

and Biology + Physico-chemistry only) . 53.7 52.6
Percentage of Total Physico-chemistry . R

studies which include

nutrients 19.5 7.9
hydrology/hydraulics 13.4 13.2
sedimentology 11.0 7.9

Total Biology (i.e. Physico-chemistry and Biology

+ Biology only) 72.0 81.6
Percentage of Total Biology studies which

are multi-group (2 or more of the

following groups) 29.3 18.4

Percentage of Total Biology studies which

include
microbes 12.2 2.6
phytoplankton/algae 11.0 13.2
macrophytes 22.0 5.3
zooplankton 4.9 2.6
invertebrates 34.1 - 18.4
fish 17.1 42.1
other vertebrates 3.7 2.6

Note: Data recorded as percentage of UK higher education establishments n = 82; Institutes
n = 38.
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Table 4.3 Timescales of UK studies.

Percentage of all studies

Timescale of study HE Institutes
(years) establishments

(%) B /)
<1 14.6 7.9
> 1-< 2 4.9 53
> 2-<3 18.3 10.5
> 3-< 4 4.9 53
> 4-<5 1.2 0
> 5-<10 4.9 15.8
> 10-<20 6.1 18.4
> 20 2.4 15.8
Unspecified 42.7 21.0

Note: Data recorded as percentage of all studies: UK higher education establishmentsn = 82;
Institutes n = 38.

4.1.2 Present experimental catchments in the UK

A few long-term, experimental catchment studies have been set up in the UK such as those of
the Institute of Hydrology at Plynlimon and Llanbrynmair in mid-Wales, Coalburn in northem
England and Balquhidder in central Scotland (e.g. Johnson and Law 1992, Kirby et al 1991,
NERC 1993). Research at Plynlimon has been carried out since 1966, at Coalburn for more
than 25 years and at the Balquhidder catchments (Kirkton and Monachyle) since 1981. All
these studies are, however, based on small headwater catchments and, like Coweeta, the
Andrews and Hubbard Brook experimental catchments in the United States (see Section 4.2),
concentrate primarily on the hydrological effects of forestry. Effects of forestry have also been
the objectives of stream water chemistry monitoring investigations undertaken on small
catchments in Beddgelert Forest since 1983.

Research undertaken since 1980 on Loch Dee, Scotland, again focuses on an upland catchment;
in this case examining the combined and separate effects of afforestation and acidification.
Similarly, studies carried out since 1984 on Loch Fleet (southwest Galloway, Scotland) to
explore the effects of liming to counter acidification, involve an upland catchment.

The Windermere catchment has received ongoing study since the 1930s but studies were
originally unformalised. Individual study components have been directed towards a variety of
targets and timescales range from 3 to 40 years.

Records for Slapton Ley NNR, Devon extend back at least 50 years and the lake and its
catchment have been the subject of intensive study since at least the late 1960s. The main
objectives are long-term monitoring and management-relatedresearch (the greatest management
problem is eutrophication). However, the focus of the research has varied over the years
towards a wide range of targets.
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At Llyn Brianne, research involved examining interactions between land use, acid deposition,
soil processes, stream chemistry and biology through a wide range of interacting scientific
disciplines (Edwards et al 1994). It was unusual among catchment experiments in the UK in
achieving some replication at the catchment scale (e.g. Rundle et al 1995). It represents an
interesting model for other studies because the scientific programme was undertaken by
academics and by staff from the National Rivers Authority. In turn, project management
involved senior University staff, NRA managers, representatives from government
departments, Welsh Office Agriculture Department and Forestry Commission. The project is
still continuing in a scaled down form, so that some data sets span 10-12 years.

4.1.3 Related UK Research Initiatives
UK research initiatives include the following: -

JAEP (The Joint Agriculture and Environment Programme)
JAEP was one of the first community programmes between NERC, ESRC and AFRC and
focused on the impact of modern agricultural practices on the natural environment.

Each Council took lead responsibility in a particular area:

O NERC - The ecology of farmland.

O ESRC - Changing farm economies and their environmental relationships

a AFRC - Herbivore/plant interactions and their vegetation dynamics.

However, the programme was relatively small and had no significant freshwater component.

TIGER (Terrestrial Initiative in Global Environmental Research)

Some of the scientists we consulted received support from TIGER. As the title implies, the
focus is again, on terrestrial systems (freshwater studies form a minor component of some
areas but these are largely concerned with physical systems and processes with only limited
ecological research) and issues are linked to global scale processes. Some links between the
present catchment ecosystem research initiative and TIGER lie in the carbon budgets in upland
soils.

NELUP (NERC/ESRC Land Use Programme)

The objective of NELUP is to bring together the results of research in the fields of agricultural
economics, hydrology and ecology that are relevant to decisions about land use and to make
them accessible to decision makers. Topics include

distribution of organic wastes and nitrates in groundwater

acidification of water catchments

distribution of flora and fauna _

population distribution and availability of labour

policy issues, e.g. National Parks and SSSIs

road networks

financial/economic constraints.

It, therefore, has some complementarity with a small part of the present proposal (in relation
to the early phases of utilising existing information) but does not have the underpinning
catchment-based research necessary for understanding the ecological processes. This is
essential for further development in this area.

Oo0ooooao

LOIS (Land-Ocean Interaction Study)
Several of the scientists we consulted reported their involvement with the LOIS study.
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Detailed descriptions of the study are provided in the Science Plan (NERC 1992) and the
Implementation Plan (NERC 1994). The overall objective of the programme is to provide the
scientific basis for the development of predictive models of the response of the coastal zone of
the UK to changes in human activities, climate and sea level. LOIS has a major component
on river basins, atmosphere and coasts and estuaries (RACS) where objectives include a)
quantifying and identifying the chemical and biological transformation processes within river
basins, and b) observations and modelling of “how changes in land use ... affect riverine
ecosystems'. The major emphasis of LOIS, however, concerns river basins as they determine
delivery of materials and energy to coastal ecosystems. LOIS does not focus upon catchment
ecosystems in their own right nor on their wide use and management but new initiatives in
UK catchment research should seek to complement LOIS and to utilise relevant information
from this programme. The NRA is contributing to this study.

ECN (Environmental Change Network)

The Environmental Change Network now has both terrestrial and freshwater sites such as the
rivers Exe, Wye and Tweed (Sykes et al, (1994). The sites do not consist of whole catchments
and the aim of this network is to collect and collate environmental information from a broad
spectrum of UK sites over an extended timescale (decades) so that long-term environmental
changes can be detected against a background of local and regional effects. Again, this is an
important UK resource and one which will strengthen the present initiative by providing a
framework within which the more focused studies of particular catchments can be placed.

Environmental Diagnostics

This is a three-year research initiative commencing in 1995/96. The primary objective is the
development of diagnostic and predictive models making use of knowledge and understanding
of processes. It is intended that this will provide a firmer scientific basis for environmental
clean-up and remediation of landfill, for example. This initiative will mainly comprise
processes, environmental impacts, critical loads, pollution chemistry, biotransformation and
ecotoxicology. While some aspects are of relevance to the Research Initiative proposed here,
Environmental Diagnostics has a different focus.

Testable Models in Aquatic Systems

This is a NERC Special Topic running over three years and providing almost £1 million in new
grants. Its main objective is to stimulate new interactions between empirical aquatic (both
marine and freshwater) ecologists and mathematical modellers. Most of the awards were to
marine projects and none was for work at the catchment scale. It could be useful in identifying
suitable modelling expertise for the new catchment programme.

Large-scale processes in Ecology and Hydrology

This Special Topic is a three-year, £1.74 million, collaborative undertaking between NERC,
DoE and SOAFD. Its objectives are to focus on the integration of ecological and
hydrochemical research and spatial and temporal processes, and to generate both new theory
and results of practical significance. It is envisaged that 5-6 projects will be undertaken and
proposals have been invited for innovative studies in the following categories: Spatial and
temporal population dynamics; community assembly and ecosystem structure and
biogeochemical cycles and hydrology. At present, the extent of the aquatic contributionto the
Special Topic is unknown. The research is intended to be undertaken by consortia from
Universities and other research institutes. Although projects are focussed towards practical
outputs, it does not appear that managers are to be involved in the research process. The
Research Inititiative proposed here emphasises partnership between the user and scientific
communities.
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4.2 Overseas Studies
4.2.1 Responses to standard letter
From overseas establishments we received notices of some 61 separate ~projects'. Tables 4.4,

4.5 and 4.6 provide comparisons with Tables 4.1, 4.2 and 4.3 respectively. (The corresponding
data for freshwater research in the UK).

Table 4.4 The focus of freshwater research overseas

Focus of interest Geographical scale

‘Catchment or above: Sub-catchment or below

Biological
and 15 30
physico-chemical

Either

biological

or 0 16
physico-chemical

Despite the current paucity of UK catchment research programmes, there are important, large-
scale, multi- and interdisciplinary initiatives in North America, Europe, Australia and New
- Zealand. Such initiatives include Coweeta and the H.J. Andrews and Hubbard Brook
experimental forests (United States), the Canadian Experimental Lakes Area, and the rivers
Rhine, Danube, Elbe, Murray and St. Lawrence. Members of the Steering Group for the
present initiative are in regular contact with overseas workers in this field and there are good
opportunities for international links and collaboration thereby focusing international efforts
back to the UK. Despite these efforts, even in the US, the recent Freshwater Imperative
(Naiman 1995) has found inadequacies in the nation's ability to manage fresh waters on a
sustainable basis. The report calls for further long-term, interdisciplinary research
programmes to answer future requirements for models, information and expertise and argues
that funding and infrastructure for freshwater sciences have suffered while government expends
significant resources on ineffective management activities that have a poor scientific
foundation. This scoping study has found similarities in the UK and further exacerbation from
the intensity of anthropogenic pressures on UK catchments. The solution to this problem is
to be found through long-term, multi-scale research, in order to provide the generic, predictive
models which are the ultimate "tools' required by managers (Chapter 8).
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Table 4.5 “Targets' of overseas research.

Research area Overseas
establishments
(%)
Physico-chemistry and Biology 73.8
Physico-chemistry only 11.5
Biology only 14.8
Total Physico-chemistry (i.e. Physico-chemistry and
Biology + Physico-chemistry only) 85.2
Percentage of Total Physico-chemistry
studies which include
nutrients 18.0
hydrology/hydraulics 41.0
sedimentology 19.7
Total Biology (i.e. Physico-chemistry and Biology
+ Biology only) 88.5
Percentage of Total Biology studies which
are multi-group (2 or more of the
following groups) 57.4
Percentage of Total Biology studies which
include
microbes 13.1
phytoplankton/algae 24.6
macrophytes 16.4
zooplankton 14.8
invertebrates 57.4
fish 36.1
other vertebrates 9.8

Note: Data recorded as percentage of studies n = 61
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Table 4.6 Timescales of Overseas studies.

Timescale of study Overseas establishments
(years) (%)
<1 13.1
> 1-<2 11.5
> 2-<3 8.2
> 3-<4 6.6
> 4-<5 8.2
> 5-<10 9.8
> 10-<20 4.9
> 20 8.2
Unspecified : -29.5

Note: Data recorded as percentage of overseas studies n = 61.

4.3 Conclusions on Existing Catchment-based Research Programmes

While there are existing catchment-based research programmes in the UK, none is sufficiently
multi- and interdisciplinary to provide a scientific basis for the sustainable management of
‘catchment ecosystems in the particular circumstances of the United Kingdom. Given the
particular, modern scientific interest in catchment ecosystems this lack is particularly
unfortunate. While recent thematic programmes address parts of catchment science, we argue
that none is focused on catchment ecosystems and catchment management. Our conclusion,
therefore, is that current approaches are not sufficient for management purposes and that a gap
for further R & D does exist.
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5. AN OVERVIEW OF OBJECTIVES AND OPTIONS FOR
CATCHMENT ECOSYSTEM RESEARCH AND
DEVELOPMENT.

Earlier chapters set out the results of our surveys of the "Science landscape'(p.11), key
questions in catchment ecosystem management (p.26), and of present initiatives and research
programmes (p.40). In this chapter we

1) review the objectives of managers and scientists in the field of catchment ecosystems,

i1) examine the match between management (“user-led') uncertainties and scientific
(" science-led") interests,

iil) outline two elements (Research and Development) that together make up a range of
options for future progress.

5.1 Objectives of Managers and Scientists

A common, overall objective of scientists and managers is to achieve a better understanding
of catchment ecosystems to allow their sustainable management. Through an iterative series
of consultations and assessments we have identified a series of key scientific questions and
themes that attract widespread interest in the freshwater community.

The single, key scientific uncertainty, identified throughout the review, relates to interactions
between the (mainly small) scales at which phenomena or processes are well known and the
larger scale patterns and events at which we need prediction for both science and management
purposes. In our view, this scientific uncertainty about the large-scale ecology of catchment
ecosystems undermines attempts at a better symbiosis between science and management. It is
“only likely to be ameliorated by large-scale, longer term research. The list of key science
questions arrived at by our review process was prioritized in Chapter 2 by criteria of " interest’,
“feasibility', and “capability' i.e. judgement as to whether the question was identified as
scientifically interesting, modified by considerations of the likelihood of success (" feasibility')
and whether adequate expertise is available in the UK community ("capability'). It is the
object of science-led research to progress these questions in the short- to long-term.

Key management questions were arrived at by the iterative consultations described in Chapter
3. This arrived at a list of 11 specific target outputs required as the highest priority of
managers. We now look for opportunities to match science and end-user interests to mutual
benefit.

5.2 Matching Science Questions and User Interests to Prioritize and Target
Research

In this section we look for research opportunities to answer the 15 key scientific questions
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identified and, particularly, those which coincide with user interests. Table 5.1 presents
prioritized science issues alongside user priorities and shows cases where targetted research
would be mainly science- or user-led or where there is some match. The latter occurs where
both science issues and user interests are categorised as at least medium priority. This yields
seven areas where targetted research has support of both science and user interests (Table 5.1).
Not surprisingly, these are areas where management outputs could be expected in the short to
medium term (up to 10 years). They are also mainly areas where there is ongoing effort in the
current NRA R&D portfolio. These areas identified as predominantly science-led concern
broader, more fundamental questions where answers would have extreme user interest but
where progress cannot be expected at short to medium timescales (up to 10 years).

5.3 A range of options

Having identified priorities and areas of overlapping interest we turn to the question of future
progress. Our consultation, and particularly the Cardiff workshop, revealed two separable
elements of any response to the challenge ahead. ~Development' would involve more effective
transfer of research findings and knowledge (" Technology transfer'), improved training
initiatives (many now already in hand) and better communications between scientists and end-
users. Much can be done in this area and can be achieved mainly by initiatives in the user
community. "~ Research' will involve new scientific initiatives in the key areas where there is
a match between science and end-user interests, plus research, if appropriate science funding
can be found, in areas where interest is mainly science-led. The potential mutualism between
end-user and scientist should not be underestimated. Adequate science funding should be
encouraged, even if not directly provided by end-users, since it can be used to promote
fundamental and strategic research of great potential interest to them in the longer term.

In Chapter 6 we look briefly at possible strategies for new/improved Development .

In Chapter 7 we then consider a range of options consisting of mixtures of the two elements
"Development' and “Research'. These options are:

i) "Do nothing'. This would involve present levels and focus of R&D in the user
community.

ii) "Do minimum'. This option involves no new research but a much more active and
targetted development programme (see Section 7.3.2, below).

iii) "Do minimum plus extra research'. Extra development as in (ii) plus a modest

programme of better targetted, site-specific or problem-orientated applied research.

iv) A Catchment Ecosystem Research Initiative. Extra development efforts (as in (ii)) plus
a coordinated, larger-scale programme of research between the science and user
communities. The project design would identify a single river catchment for a detailed,
multi-scale research effort, with a number of further comparative catchments providing
replication and a wider range of conditions.

V) A Catchment Ecosystem Research Initiative (as (iv)) but aimed at detailed research on
a comprehensive range of catchments representing all the main conditions represented
in UK rivers.
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6. DEVELOPMENT: OPPORTUNITIES FOR SCIENCE
TRANSFER, TRAINING AND COMMUNICATIONS

In addition to new research, a potentially important element in addressing management
problems and improving the effectiveness of environmental regulatory organisations arises in
the uptake of new and existing knowledge. Development (i.e. the "D’ in "R & D") in this case
represents the interpretation and transfer of existing scientific knowledge to the specific
application concerned. This will lead to maximum benefit relative to costs.

The Leicester conference (Harper and Ferguson 1995), Cardiff workshop (Hutchinson,
Hildrew and Ormerod 1995) and consultations with NRA staff (Annex 3) have all identified
the importance of this issue to which the NRA/EA has already, in part, responded by
developments in its training programme (NRA R&D Committee paper (95)8). The
organisation's own initiatives in this sphere aim to create a culture of professional excellence
in the application of science, technology and environmental economics, plus a working
environment that encourages innovative and exciting thinking. The development of a
Professional and Technical Training Programme for the Environment Agency is ongoing, and
is being expanded to address the priority areas for the development of knowledge,
understanding and competence required by staff in all functions.

6.1 Development and Training in Environmental Economics in the
Environment Agency.

A good example of success in training in the Environment Agency lies in the field of
Environmental Economics. Under the Environment Act 1995, the Environment Agency has
a duty to assess the costs and benefits of its actions. With respect to the management of the
water environment, the development of procedures and approaches for this purpose will build
on those developed by the NRA (e.g. the preparation of business cases) and the requirements
of Government Departments (such as those set out in the Treasury Guidelines). The
development of methodologies for assessing costs and benefits by the NRA focused on the use
of environmental economics and, in particular, on the use of cost-benefit analysis (CBA). This
focus on CBA stemmed from a range of factors including the history of its use in flood defence
appraisals, the drive towards showing " value for money' and pressures from the DoE, MAFF,
Treasury, OFWAT and others to provide more economics based justification for expenditure.

In a CBA, all the impacts resulting from an action are valued in a common unit, that of money,
and an action is justified if its benefits outweigh its costs. Given that some of the impacts
associated with an action are not normally valued in monetary terms (for example,
improvements in the quality of an ecosystem), CBA requires the application of economic
valuation techniques to derive these values (see p.21).

Given that these techniques are often time consuming and expensive to apply, their use within
project specific assessments is often precluded. Thus, the move within the former NRA had
been towards “benefit transfer' involving the development of "standard values' which can be
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applied to project specific decisions. | To ensure that these values are widely and readily
applicable to a range of projects, great care needs to be taken in their development (and these
should form an integral part of future research programmes).

The development of environmental economics in the NRA focused on the use of CBA and the
development of standard values for use in benefit transfer. In order to ensure that assessments
were robust, staff were trained in the use of environmental economics and began to develop
standard methodologies for economic assessments in key areas.

The first step towards the development of standard methodologies for economic assessments
within the NRA was taken in 1993 with the preparation and issue of the Economic Appraisal
Manual. The Manual sets out practical and detailed guidance on the use of CBA across all
management functions of the NRA. As such, it sets out the principles of economic analysis,
provides descriptions of economic valuation techniques, provides examples of their application
and discusses associated issues. Following the issue of the Manual, each NRA region
appointed an economics advisor and key staff were trained in the application of CBA.

Building upon the Manual, the NRA started developing problem specific appraisal
methodologies. In particular, work started on creating a standard methodology for assessing
the benefits of water quality improvements, with this also being funded by UKWIR, OFWAT,
DoE and SNIFFER. Similar methodologies are under development for assessing the benefits
associated with measures for the alleviation of low flow, the control of toxic blue green algae
and river restoration projects, although these are at a much earlier stage. More information
on the development of economics can be found in Postle (1993).

6.2 Outputs from the Cardiff Workshop: The “How' of Science Transfer.

Evidently training and transfer of expertise in environmental economics in the Environment
Agency has been successful; but what of other areas of science and technology? Outputs from
the Cardiff Workshop (Hutchinson, Hildrew and Ormerod 1995), and consultations with
‘Environment Agency staff have been in close agreement over potential routes forward. Both
reveal the recognition that the creation of new opportunities for science transfer and
development has two central elements:

i) what science needs transferring ?
and
i) how will transfer be achieved ?

The report of the Cardiff workshop discussed the second of these areas in most detail, and
options are outlined here along with additional possibilities that have arisen during the scoping
study. Most stress or imply the value of broader links with the Science and Technology
community outside the NRA and the Environmental Agency that will take on its duties. Among
them, 6.2.1, 6.2.3, 6.2.8 and 6.2.9 will have low costs; 6.2.2, 6.2.4, 6.2.6 and 6.2.7 will
have medium costs (perhaps £10,000-50,000 per project), while 6.2.5 will have costs varying
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between low and medium depending on the scale of activity chosen.
6.2.1 Working behaviour and standing orders

Some of the simplest solutions to problems of science transfer are incumbent on the manager
and scientist in their everyday roles. Firstly, the manager, before taking management action,
might ask whether better science is available to guide a given action, whether s/he can access
it or use it, and whether s/he is abreast of scientific developments. Equally, the scientist might
ask whether his or her scientific outputs are being used fully, and if not how can outputs be
better suited to management needs.

Specific areas of working behaviour which involve both the Environment Agency and the
external science community include functional links via project working groups, and regional
links through local catchment studies.

6.2.2 Training courses and seminars

Training courses and seminars can use many formats in the classroom, field, office, laboratory
and at distance, using many media including direct contact, video, CD Rom, hard literature and
software. Training might involve time allocated in blocks (e.g. for MSc courses), day release,
or ongoing seminar programmes. In the context of this report, it is important that training
initiative should be jointly advised by science and management needs, while being aimed to
inform scientists about management needs, or managers about science developments. On the
one hand, this might mean practitioners having input to the development of university courses,
and on the other, scientists providing more direct input to the design, provision and content of
training in the Environment Agency and its sister bodies. In other instances, "hands on'
training might arise in new operations, tools and technologies. Recent examples in the NRA
included courses designed specifically around the new River Habitat Survey.

Training courses are liable to be of the utmost importance in the Environment Agency's
Professional and Technical Training Programme, and central to the development of a culture
of professional excellence. For this reason, we make specific recommendations in Section 6.3
about priority areas for development. At the same time, this area is likely to require more
detailed examination about how links between science in theory and practice can best be
forged. In our opinion, differences between the cultures of the academic sciences and river
catchment managers will be thrown into sharp relief when course content and training needs
are discussed in detail.

We can provide examples from our own experience with MSc and undergraduate professional
training courses that involve out-posting students into NRA laboratories for periods of project
work. Students often receive distinctly different advice from NRA and academic supervisors
over the scope, design and interpretation of their work. As an example, the NRA supervisor,
driven by the needs of cost-effectiveness, pragmatism, policy and established practice typically
will ignore replication in field sampling, approach problems with a site-specific focus, and
interpret data in the light of professional judgement, expectation and experience. Meanwhile,
the academic supervisors, from a theoretical and often impractical viewpoint, will reveal
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statistical and logical flaws in the resulting work. We make no case for the correctness of
either approach (and clearly both extremes have been exaggerated for the purposes of our
argument), but suggest that it illustrates potential challenges to the future development of
scientifically robust river catchment management. It also illustrates a danger that established
practice in the Environment Agency can resist new ideals.

Our concept of the needs of training courses is to close this gap, aptly termed the "turbulent
boundary between water science and water management' (Cullen 1990), so that both academic
and practising communities recognise each other's needs, and recognise a common set of values
in the aims of scientific training.

6.2.3 Two-way workshops, conferences and professmnal institutions.

Any programmes involving discussion meetlngs and workshops would clearly benefit from the
different perspectives of scientists and managers. In the case of conferences, rolling
programmes on an annual or biennial time step might benefit from being aimed at maintaining
dialogue through general themes. The Leicester conference (Harper and Ferguson 1995)
provides a useful prototype. Regional meetings of professional institutions already exist, and
involve speakers from academic institutions, but tend to attract participation from EITHER the
academic OR regulatory sector. We see value in enlarged joint participation.

6.2.4 Science manuals and reviews

Possible areas for the development of manuals (e.g. the current "Rivers and Wildlife
Handbook') and reviews might be led by basic science, by disciplinary or functional issues,
by applied issues, by new science developments or by geographical units, such as individual
river catchments. Output media might vary from reports, books, videos or reviews in scientific
journals. Concern was expressed at the Cardiff workshop that these should be readily
understandable by managers, applicable to their needs, and not overly academic in tone. Since
we later recommend a detailed project planning phase for a new research initiative, we also
urge that the Environment Agency (and other users) build on this planning phase and
commission the preparation of such reviews at that time. These reviews might include:

By disciplines:
“Current biogeochemistry: a management digest'.
*Current developments in lotic ecology and their management implications'.
“Geomorphology and its applications to river management'.
* Ecotoxicology and its relevance to the protection of semi- natural communities in aquatic
systems'.

“Hydraulics, sediment transport, river engineering and river ecology

*Shortfalls in the current use of microbiology in understanding river quality'.

By applied issues:
e “Current perspectives on eutrophication’.
e “The behaviour of xenobiotic compounds in aquatic sediments'.
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e The significance of increased atmospheric nitrogen deposition to the occurrence and
effects in aquatic systems'.
*Catchments land use and rivers: implications for catchment management planning'.
> Agriculture and rivers: a management review'.
“The use of artificial wetlands in water treatment: a review and the development of
operating guidelines'. ‘
*The current basis of economic evaluation of resources in catchment ecosystems'.
*The effects of press and pulse perturbations on river environments and their significance
to quality standards'. v

e Plasmid transfer in aquatic environments and its significance for the effects of artificially
engineered organisms'.

e “The importance of floodplains to river structure and function, and the difficulties of
management'.

e “Managing energy inputs to aquatic ecosystems to optimise production and diversity'.

By scientific developments:

e The significance of aggregated dead zones to river quality management'.

e “Food web theory, foraging and its implications for the influence of predators in aquatic
environments'.
*Nutrient spiralling and its significance to water quality management'.
* Metapopulationdynamics and their significance to the management of isolated populations
in rivers'.

e Colonisation, dispersal, persistence and their significance to river restoration projects’.
*Manipulating vegetation in the integrated management of aquatic and riparian systems.

e “Palaeoecology, palacohydrology,and their significance to understanding the natural status
of catchment ecosystems’.

e The availability and use of long-term data in advice to catchment management'.

By geographical locations:

e The river Wye: a review of structure, function and available science'
e “The catchment of the River Clyde'. T

e “The Great Ouse'.

6.2.5 Staff exchanges and shadowing schemes

Staff exchanges, secondments and shadowing schemes are possible between the user
community, the institutes and the universities.

6.2.6 Demonstration exercises

Where jointly staffed by practitioners and scientists, demonstration exercises might provide the
opportunity for outdoor workshops. For example, field courses on experimental design and

sampling might simultaneously take the form of small research campaigns geared to advising
a particular management problem.
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6.2.7 CASE studentships and fellowships

The NRA has had a programme of fellowships which have provided science outputs, at least
in academic terms, although the number of individuals involved has been small. There would
be value to both academic institutions and the regulatory bodies in viewing such projects in the
future as an important means of integrating activities across the science/management frontier.

6.2.8 Institutional developments

Important routes for knowledge transfer might arise from institutional developments. They
might include committees modelled on the JNCC "Think Tanks', which meet on an ad hoc
basis to confront key issues, or science review-panels which examine particular areas of
operation. " Science Advisory' committees, standing alongside the RRACs, FACs, FDCs in
the Environment Agency Regions, are also an option.

6.2.9 Circulating information
Key routes through which information, reports, scientific papers and outputs can be circulated
between academic and regulatory institutions require development. There are currently few

examples where academic scientists invite peer review and comment from regulators, and vice
versa.

6.3 The “what' of Science Transfer

A clear priority for the Environment Agency and other users is:
i) to provide scientific outputs of a form serviceable for management.

it) to examine the science implicit or explicit in those tools used as part of current best
practice.

iii) to evaluate scientifically the value of those tools currently used in catchment planning.
iv) to examine ways in which tools could be used more effectively.

Here, the concept of the task-oriented "tool" figures strongly in the business of the
Environment Agency and other statutory bodies: the features through which best available
scientific knowledge are manifest as formulated protocols, methods, indices, models, expert
systems, concepts, and paradigms which enable staff at all levels to carry out their day-to-day
jobs. They are the conceptual apparatus through which jobs are made easier.

Examples of tools currently in use in the Environment Agency, and elsewhere in statutory and
non-statutory bodies, are many. They reflect a wide array of instruments, only some of which
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are rooted in science, and include :

Critical Load Concept: Conceptualisation of the lowest level of pollution or disturbance
which will not cause long term ecological damage.

General Quality Assessment: The Environment Agency's scheme comprising four separate
water quality measures which each provide a complimentary series of windows through which
environmental quality has been determined. The chemical component is developed, but bio-
logical, nutrient and aesthetic components are still being derived.

Biological Quality Indices, such as those describing ecological integrity, which guide
assessments of current ecosystem status either following damage, restoration after disturbance,
or which form part of surveillance and monitoring strategies (e.g. Karr 1993).

River Habitat Survey/Habitat Quality Indices: The recording system and subsequent scoring
systems through which structural features of rivers and their surroundings are coded and
compared between locations.

River Corridor Surveys: The map-based system of surveying lengths of river to record
relatively precise information about habitat locations, plant assemblages, riparian zones and
other features within the river corridor.

Data bases: REDS, for example, the River Environmental Data Base of Anglian Region,
through which available data are organised in an accessible form to provide information on
issues where they arise. '

SERCON: The expert system for evaluating rivers for conservation on the basis of all
important criteria.

RIVPACS: The river invertebrate prediction and classification system, which collects
information on invertebrate assemblages in rivers and compares observed with expected
characteristics to give an indication of river status.

IFIM/PHABSIM: Hydraulic survey methods which empirically relate instream channel
features and flow character to the distribution and abundance of organisms. New distributions
are predicted where flow character is expected to change.

HABSCORE: A empirically based method for assessing stream habitat structures, and hence
quality, such that expected densities of fish can be derived and compared with observed values.

GIS: Increasingly used tools through which digitised geographical information, in this context
relating to catchment features, is stored, retrieved, overlain and analysed. GIS will have
particular promise in referring scale-related features in catchments and their sub-systems to
aquatic processes.

Catchment Management Plans: The statements of issues through which complimentary and
competing issues in river catchments are identified.
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Water quantity/quality models: MAGIC, TOPMODEL These are too numerous to detail,
but use an array of empirical and process links between hydrochemical parameters in rivers,
lakes, catchments and floodplains to analyse and predict hydrochemical conditions.

Biological Models e.g. PACGAP, MEDUSA, which relate the distribution, abundance and
other characteristics of organisms to physico-chemical attributes of aquatic ecosystems

Planning designations and netifications such as Sites of Special Scientific Interest (SSSI),
National Parks, Environmentally Sensitive Areas (ESA), Nitrate Sensitive Areas, Special Areas
of Conservation (SACs) which help identify important locations or features, and so guide
management decisions about appropriate land, or river, uses (see Bishop ez al 1993 for a full
review of designations).

Planning strategies such as indicative planning -concepts, Structure Plans, Local Plans,
parliamentary planning guidelines (PPGs), through which catchment management planning can
be enacted or influenced.

Agricultural support schemes and financial incentives, such as Farm Stewardship in England
or Tir Cymen in Wales, through which grants are targeted to certain desirable land uses; some
involve wetlands, riparian land, or catchment land over extensive tracts (e.g. ESAs).

Increasingly, these (and many other) tools are used or influenced during the Environment
Agency's business in important schemes or issues. All of them illustrate how scientific
information, with varying quality and rigour, is used to collect information relevant to manage-
ment, to guide competing decisions, and evaluate the outcomes of adopted strategy. They
illustrate also how science is given wider currency where it is targeted to operational
problems, often simplified in parameters of reduced volume, and made accessible to a wider
community of practitioners and decision makers.

Science on which these tools have been developed is often extensive, however, and gave rise
to important fundamental advances during development: examples would include RIVPACS,
HABSCORE and PHABSIM, in which information on factors influencing the distribution and
abundance of aquatic organisms were axiomatic.

6.3.1 Possible new areas for science transfer.

New areas for science transfer range from the clearly attainable improvements to existing tools
to much more speculative applications.

1) Improving existing tools

Several existing tools (e.g. RIVPACS and PHABSIM) rely on empirical patterns established
by scientists. The process begins with the discovery of a relationship between some
environmental variable (such as acidity or hydraulics) and ecology (such as the distribution or
abundance of species). This relationship is then used to predict, in turn, the impact of
management (flow regulation, for instance) or environmental change (acidic depositions, for
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instance) on ecology. This simple principle underlies many of the “tools' used by
environmental managers. Improvements to these kinds of tools can be made in two main ways.

e By improving the statistical relationship between the environmental variable and the
ecological effect. To take the example of the detection of acidification using stream
macroinvertebrates, improvements in the inference of pH can be made by models based on
weighted regression and calibration (Haméldinen and Huttunen, in press). New modelling
techniques should be used, including linking chemical and physical (hydraulic) models with
ecological models to increase the precision of predictions.

e By discovering the processes underlying empirical relationships. Correlations between
environmental variables and ecological variables do not necessarily imply a causal influence
and predictions, based on them, particularly of long term effects or those where the
new/changed conditions lie outside the range of the environmental variable(s) encountered
in the original data (the so-called “training set'), may be unreliable. “Process' studies,
often undertaken in fundamental ecology, can potentially improve predictions and help us
understand them.

ii) Developments in flow and mixing in river channels

New models of transport in rivers highlight transient storage or “dead' zones. These have been
applied to problems of predicting transport and retention of pollutants, and to predicting the
growth and extent of phytoplankton populations in rivers (see Bencala and Walters 1983;
Young and Wallis 1986; Reynolds ef al. 1991). These studies have recently been extended to
the characterizationof drift and retention of invertebrates in channels of differing morphology
and has potential applicationas a “tool' for measuring the suitability of habitat for invertebrates
and fish after restoration (Lancaster and Hildrew 1993; Lancaster, Hildrew and Gjerlov 1996).

iii) Improving statistical analysis and “experimental’ design

Major areas of regulator responsibility involve detecting effects following degradation or
recovery in ecosystems. Among these, the measurement of recovery will be paramount as
catchment management plans shift to action plans which specify targets and the means to
achieve them. Such targets can be specified in chemical physical or biological terms, the
geographical scales can be from reaches to whole river systems, and the time scales from hours
in the case of pollution incidents, to decades in the case of long term change through
acidification, eutrophication or changing habitat structure. Intensive or extensive field
investigations are involved in all these instances, linked sometimes with laboratory studies, so
that there is a clear need to assess observed patterns in relation to background variability of the
types outlined in Section 8.1. This is bound to be the case, because the measurement of any
environmental parameter - whether it be a quality index, a biological community, a chemical
determinand, or a measure of flow - will be subject to variation in space, time, or due to error.
This is illustrated as the 'uncertainty' box on Figure 1.1. Under these circumstances, there is
a challenge to detect whether effects due to a supposed source (e.g. a polluting discharge, a
flood defence programme, a conservation enhancement scheme) is greater than that from other
sources. We need to ascribe change accurately to our successful managerial interventions in
river ecosystems, to attach blame accurately where problems arise, and correctly detect adverse
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or positive trends where they occur over a wide range of timescales.

The detection of such effects, however, is riddled with difficulties that confound attempts
involving intuition alone, or sometimes even detailed studies. Professional and academic
ecologists have not escaped problems, and a large percentage of field investigations published
in scientific journals are likely to be characterised by errors in design or statistical analysis (see
Hurlbert 1984). The failure to replicate correctly is common, and is endemic when an
investigator is faced with assessing problems in just one location (e.g. a point source, a single
river catchment subject to deforestation or afforestation). This is, of course, a key problem
in the Environment Agency since many investigations are of this type. The use of RIVPACS,
where patterns at single sites are compared with expected patterns from many sites, has been
a frequent strategy which might overcome this problem. However, while there is a tendency
on the part of operators to view differences between observed and predicted faunas in
RIVPACS as indicative of impact, there has been increasing recognition that chance elements
also affect faunal change, recolonisation, and persistence through time (e.g. Weatherley and
Ormerod 1990; Wright 1995; Rundle, Weatherley and Ormerod 1995). As a result, therefore,
this approach does not escape the need for the sound design of sampling regimes (Underwood
1994). ’

Given that many scientific investigations by academic ecologists have themselves been
subjected to criticism (e.g. Hurlbert 1984), it is unsurprising that operational activities by
regulatory bodies have themselves come under scrutiny. Here, practice is still governed as
much by pragmatism and tradition as by the rigours of sound design (e.g. Norris et al. 1992;
Underwood 1994). In the USA, where pressures of pursuing or avoiding litigation are strong,
basic design flaws in field investigations by regulators and others have sometimes reached the
law courts (e.g. Underwood 1994). In what can be highly patchy and stochastic river
environments, failures to account for all possible sources of variation, error, change and
causation, for example upstream and downstream of polluting discharges, mean that statistical
loopholes can be exploited by attorneys. It is vital, therefore, that managers equip themselves
with the most rigorous techniques in this rapidly developing field.

Dangers to avoid include:
i) sampling with insufficient replicates to give suitable precision;

ii) the concentration only on mean values for determinands, whereas disturbances are equally
likely to affect variances in space and time;

iii) sampling for an insufficient duration prior to planned disturbances to characterise
background variation;

iv) mis-using statistical tests due to non-independent, auto-correlated or non-normally
distributed data;

v) incorrectly ascribing, or failing to ascribe, disturbance effects to human activity through
inappropriate replication;
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vi) failing to build appropriate reference locations into field investigations;

Professional scientists in the Environment Agency and elsewhere are aware of these problems
but difficult compromises of rigour, cost and speed often must be made in practice. Issues
involved in these compromises must be investigated explicitly and in the light of best
knowledge. '

To maintain mutual recognition between the needs of the Environment Agency and the needs
of robust approaches, and in the spirit of developing shared values (e.g. Section 6.2.5), we
suggest that training in this area might involve:

i) Initial in-service time spent by academic course leaders in Environment Agency
establishments to assess need;

ii) a formal course element at a training centre (e.g. a University); this would run concurrently
with

iii) practical training involving the guided use of computer teaching facilities, software, and
worked examples;

iv) a further, in-service evaluation period involving a second visit by course leaders to course
participants. :

Items (ii) and (iii) together are liable to involve 10 days in two blocks.
An outline syllabus might be:
1. Outline and recognition of problems in current approaches
2. The appropriate design of field investigations
3. The analysis of data, and illustration of important patterns (illustrated with exercises).
3.0  Hypothesis testing
3.1 Means, variances, standard deviations and errors, power.
3.2  Parametric and non-parametric approaches
3.2  Comparing samples: t-tests, U tests.
3.3  Comparing more samples: ANOVA
3.4  Regression
3.5  Multivariate extensions: multi-factor ANOVA, multiple regression, principal
components.
3.6  Ordination, classification
4. Putting statistics into practice.
6.3.2 The ecological basis of river catchment management: a cross functional and

interdisciplinary view.

While the research and development programmes that underpin the work of the Environment
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Agency have responded well to some issues (e.g. the needs of nature conservation and
biological classificationto detect common forms of pollution; Wright ez al. 1993; Boon e al.
1994; Boon and Howell 1996), the needs of river management have meant a continual need to
update available knowledge. Increasingly, management needs have focussed on forms of
pollution in addition to sewage (e.g. Harper 1992; Ormerod and Tyler 1994; Hildrew and
Ormerod 1995; Hendriks 1995; Gower et al. 1995) which affect rivers through a complex mix
of chronic and episodic discharges (e.g. Weatherley and Ormerod 1991), mixtures of varying
complexity (e.g. McCarty et al. 1992), and point or diffuse sources (e.g. Parr 1994). Equally
important, management has increasingly required an integrated perspective of the physical (e.g.
Brookes 1994; 1995; Petts and Maddock 1994; Armitage 1995), biological (Wade 1995) and
energetic (e.g. Calow 1992) environment of rivers in the face of demand for water resources,
flood defence, fisheries, conservation, recreation and navigation (e.g. Karr 1991; Calow and
Petts 1994; Harper and Ferguson 1995; Boon and Howells 1996). Science-based information
must thus inform management over a wide range of needs (e.g. pollution detection and
prevention, habitat management, fisheries enhancement, abstraction, assessment of
conservation importance) and over a wide range of temporal and spatial scales (short-
term/habitat specific to long-term/whole catchment). Linked strongly to the changing needs
of management, and often driving them, are a range of important legislative and policy
concerns at UK, European and global levels. Among these, the EU Directive on the Ecological
Quality of Surface Waters is presently paramount. Additionally, global conventions
(e.2.UNCED Convention on Biological Diversity, Heywood 1995) have prompted UK
initiatives which emphasise riverine biodiversity in general, and the distribution of particular
scarce species (e.g. the shads, otter, pearl mussel). Also, wider policy issues challenge us to
define, measure and manage rivers to the ends of sustainability, ecosystem health and
ecological integrity.

Under these circumstances, examples of the uses of knowledge to meet the business needs of
the Environment Agency will include:

(1) The formalisation of chemical, biological and physical measurements into typologies,
quality indices and quality standards;

(i)  The need to identify important resources in river systems at a range scales from reaches
to whole catchments. This might include areas with important fish stocks (e.g. Elliott
1995), or high nature conservation value (e.g. Boon 1991; Boon et al. 1994; Ormerod
et al. 1996; Raven et al. 1996 in Boon and Howells 1996)

(iii))  The need to detect increasingly difficult environmental problems, such as pollution or
habitat degradation (e.g. Wright 1995);

(iv)  The need to diagnose their causes;
) The need to give warnings where problems might arise (e.g. Calow 1995);
(vi)  The need to predict with confidence the likely success or failure of alternative

management actions at a range or scales. Biological classification has figured strongly
in the development of empirical models used for this purpose (e.g. Ormerod et al.
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1988; Armitage 1994);

(vil) The need to evaluate the effects of remedial action or regulatory programmes in
post-project appraisal (e.g. Karr 1991; Rundle, Weatherley and Ormerod 1995);

(viii) The need to indicate the endpoints of system recovery from planned or uncontrolled
disturbance (e.g. Milner 1994)

Advising the Environment Agency on all of these fronts is central to our conceptualisation of
a generic catchment ecosystem research initiative described in Chapter 8. Here, the above
needs for management are placed alongside the importance of recognising that catchments are
characterised by variations in disturbance regimes, and in resilience and resistance against
them; by physical heterogeneity and patchiness; by the need to recognise the budgets of natural
and anthropogenic substances; and by the need to evaluate resources and give them economic
valuations.

All of this should, of course, operate from the soundest science base possible, and hence should
take account of ecological advances. Relevant recent theoretical developments in ecology
include the concepts of ecosystem disturbance, resilience and resistance to change, disturbance,
ecological scale and hierarchy, fragmentation and meta-populations, river-floodplain linkages,
downstream linkages, patch dynamics, and concepts of the habitat-template through which river
habitat conditions select species traits and, hence, species communities.

But some information already exists from which the Environment Agency can be better
advised. In this sphere, our recommendation s for the development of a cross-functional and
interdisciplinary training course or initiative which rolls from year-to-year and exposes
regulatory staff to current science and new developments. Its content should be conceptual and
broad based, equally applicable to all Environment Agency regions, and to Scottish and
Northern Irish river catchments. Inputs should be sought from key academics in the physical,
chemical, biological and socio-economic sciences with knowledge and specialism at the
catchment scale. It should air management problems, as much as basic science issues.

A suggested course structure

The exact content of this training course should be subject to further dialogue with the
Environment Agency in order to agree specific training needs. We suggest that key areas
would include:

1. The socio-economic, legal and policy framework of catchment management;

2. Current advances of catchment physical systems: flow, sediment dynamics, approaches to
the appraisal and classification of channel structure.

3. Chemical dynamics in catchment ecosystems: budgets, interactions and the importance of
land use.
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4. Current developments in catchment ecology, including theory; the ecology of species and
communities; processes, food webs and energetics.
5. The quest for a holistic view: linking 1-4 in a management context.

Parts 1-4 would involve formal lectures and set texts, while part 5 could be advanced through
a discussion and workshop format.

6.4 A Final Comment: Science Transfer as a Two-Way Process

To a large extent, the transfer of information or concepts between the management and
scientific spheres will benefit if it is a two way process. New and existing science will flow
to advise management, while managerial problems and actions will provide a context for the
development and testing of new scientific theory. A past example of this two-way process,
interesting also because it carries an explicit illustration of both geographical and temporal
scale, is provided in Table 6.1 (from Hildrew and Ormerod 1995):

Table 6.1 Scales of approach to the management of acidification (From Hildrew and
Ormerod 1995)

Spatial scale Option Time scale (years)
Implementation Effectiveness

Supra-catchment  Reduce deposition 10-100 10 upwards

Catchment Manage land use 1-10 1-10

Sub-catchment Liming 1-10 1-10

Riparian Buffer strips 1-10 ?

Habitat Channel morphology 1-10 ?

All scales Do nothing Environmental cost?

It incorporates suggestions about management solutions available to combat surface water
acidification; in this table are illustrations of instances where management recommendations
have resulted as a result of ecological surveys (e.g. about forest cover at the catchment scale),
experiments (liming at the sub-catchment scale) and models (about deposition reduction). At
the same time, new potential management solutions have been proposed (e.g. manipulations
of stream morphology to promote de-acidifying environments). Also, commonly held
management beliefs - that bankside “buffer strips' would protect streams against acid inputs
- were tested and found wanting (Ormerod ef al. 1993). In the instance of supra-catchment
action to reduce acid deposition, the only advice to management could arise from the pragmatic
development of long-term projections and models, because the response of affected systems
would be too long to allow management action by trial and error. In this context, new
hypotheses and model predictions are now being tested through management action, but
shortfalls between predicted and actual recovery have guided new fundamental hypotheses
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about why such shortfalls should occur (Rundle, Weatherley and Ormerod 1995).

In this example, then, managerial and scientific progress has occurred simultaneously to mutual
benefit.
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7. ASSESSMENT OF THE OPTIONS

This chapter sets out the future options for meeting management needs and/or science interest.
7.1  What Is Needed?

The prioritization process in Chapter 3 arrived at a list of eleven key questions of interest to
end-users in catchment management and these were matched with fifteen questions or gaps of
science interest in Chapter 5. This process yielded three categories of issues and questions,
a) those in which there is a match between scientific interest and end-user requirement (seven
issues), b) those in which user interests clearly predominate, and c) those in which science
interests lead those of users. Recall that these are specific issues and are additional to the
general need to promote science-based management and to provide holistic and predictive
models of whole catchment ecosystems. These are the “needs' of the end-user and of the
science community and there is an encouraging overlap between them. Even where there is
no clear match between the two there remain strong links and commonalities in most cases.

Areas in which science interests are presently paramount would all be of great end-user interest
in the long term if scientific success was achieved. Several of these issues (numbers refer to
these in Table 5.1 p.49) are presently:

i) rather speculative and/or likely to have rather long lead times into end-user uptake (Science
Issues 10, 11, 7, 9)

ii) already the subject of a good deal of site-specific research by the user community (Science
Issue 5) (which may have reduced the perception of need by end-users)

iii) deal with areas in which management “tools' already exist (Science Issue 4)

These considerations reduce the perception of immediate “need' by end-users, although the
strategic interest is strong. -

Areas in which user interests predominate are also of very considerable scientific interest but
are of somewhat lower priority for scientific funding because they are already in part the
subject of considerable applied research (Science Issue 14), or are areas in which scientific
progress may be extremely difficult (Science Issue 12).

The greatest scope, therefore, is for effort to be concentrated on those areas of maximum
overlap between science priority and end-users' need: we believe this scope exists in the
economic valuation of ecosystems (issue 13); basic biogeochemical cycles (issue 3); the
dynamics and effects of flow and sediment transport (issues 1, 2, 15); long-term population
ecology (issue 5); the ecological and managerial relevance of nested catchment hierarchies
(issue 6); persistence and change in community composition (issue 8). In developing the
concepts of our favoured option in chapter 8, we resolve these linked issues into four related
sub-themes (see Table 8.1). It is important to recognise here, however, that the greatest
end-user needs will be met by the R&D options which either increase efficiency and best
practice in management operations, or which result in real cost savings in management. We
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expand this theme in the next section.

7.2 Costs of Environmental Management

In this section we try to establish the quantities and pattern of expenditure on environmental
management associated with catchment ecosystems. The purpose of new research and
development is to improve decision making in management. Such improvements could lead
to savings in management or, equally, to justify expenditure at present or even enhanced levels.

The real costs of environmental management are difficult to estimate but are incurred in:-

a) improving water quality

b) environmental clean-up operations

c) low flow alleviation

d) river rehabilitation

€) conservation ehancement works

f) flood protection

g) management and notification of SSSIs

h) meeting all the directives listed in Text Box 2

i) implementing catchment action plans to meet their various targets
j) environmental monitoring and surveillance for all these purposes

The private sector water supply and sewerage companies in England and Wales invested over
£7 billion (10” in the three years from 1989 and present plans for the 10 years 1989-2000 take
the total to £30 billion, mainly in improvements to drinking water quality and wastewater
treatment works (OFWAT 1992). Annual capital expenditure on sewage treatment and sewage
management for the water service companies in England and Wales in 1992/93 was about £1
billion. OFWAT (1992) present estimates of two scenarios for the sewerage service from
1995/96 - 1999/00 and 2000/01 - 2004/05. The scenarios are named "~ Progress maintained'
(which includes current key improvements plus assumed enhancements) and “Pure and green'
(which envisages “an enhanced set of new and potential obligations') (Table 7.1).

Thus, costs of the sewerage service in England and Wales over the next decade will lie
between about £7 and £8 billion, depending mainly upon our obligations and implementation
of the Urban Wastewater Treatment Directive. The figures and their basis have been
challenged by the NRA (1993j) but the sums required are bound to be large.

Statzner and Sperling (1993) quote figures of about £43 billion in new construction and repairs
relating to wastewater treatment in Germany (including a special programme in the former
DDR) over the ten years from 1993. Adding operating costs, plus stream restoration measures
in Germany, they estimate that expenditure on aquatic resources will be limited (!) to about
£12.5 billion y* (assuming £1 = 1.6 $US). They project that about £0.6 trillion (10'?) would
be required in the European Union to bring standards everywhere up to new guidelines,

assuming conventional means of compliance.
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Table 7.1 Projected investment in the sewage service (OFWAT 1992) (£ millions)

" Progress Maintained' “Pure &
(plus assumed Green'
enhancements)
2000 2150 Capital costs
1995/96-1999/00 1520 1560 Operating costs
3520 3710 Total costs
1600 2100 Capital costs
2000/01-2004/05 1920 2020 Operating costs
3520 '

4120 ~ Total costs

Expenditure by the Environment Agency is partly met by recouping costs from various
charging schemes and partly by Government Grant-in-Aid. In 1993/4 the NRA spent over
£440 million. Expenditure (£ millions) on the following core functions at the year end 31st
March 1994 was: Water Resources (78.1), Water Quality (83.4), Flood Defence (229.1),
Fisheries (25.1) Recreation and Conservation (7.4), Navigation (9.8).

Environmental management in the Environment Agency is organised at the catchment level and
is to be achieved by the (partially complete) process of drawing up catchment management
plans and their subsequent implementation. Information made available to us by the NRA
indicates the average cost of writing a CMP is about £72k, whereas implementation over a 5
year period or more is obviously highly variable. Six recent examples are given in Table 7.2.

The increased cost of meeting environmental quality objectives, and how much of this cost can
be passed on to customers, has led to conflict of the regulators with the private sector. The
Chairman of the Water Services Association (Courtney 1992) said:

“the drive of the NRA, other UK quality regulators and the EC for more and more
improvements often reflects too much enthusiasm and  too little science and cost
benefit analysis'. '

He went on to argue that the “law of diminishing returns' applies to the environment. That is,
that *we shall be spending more and more to get less and less improvement'. The argument
is, therefore, that there must be a well founded objective and scientific (including
socioeconomic) basis to justify the expenditure of large sums of money on environmental
protection. Of course there is a clear, firmly founded basis (not least based on human health)
for protection of inland waters from pollution and other forms of environmental damage, and
in no sense could it be argued that statutory bodies, should escape their obligations. However,
as has already been detailed in this report, the definition of endpoints in restoration and the
guidance of managers in ensuring sustainability, are by no means so clear.
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Table 7.2 Estimates of costs of implementing Catchment Management Plans by the NRA
and others. (£k). Timescales 1-5 years plus future.

Function River Cam Louth Coastal ~ Gipping/Stour  Ely Ouse River River Test
Action Final Report Final Plan Final Medway Action
Plan April July 1993 December Plan January Action Plan Plan July
1993 1993 1994 July 1993 1993
Water Quality 1,250+ 650+ - 58+ 112+ -
1,760+ 1,205+
Water 720 2,350+ - 70+ 1,340 20,000 23,190+
Resources 2,550+
Flood 4,245 - 45,200 1,925 6,370 1,892
Defence 4,345
Fisheries 62.5 70 5+ 130 740
Recreation ‘ 100
Conservation 525 +? 90 254
Navigation 43 7.000 60 700
Land Use +? +?
Other 69
Estimated 6,845.5+ 55,270+ 9,006+
Total to to 2,277 to 21,892 23,930+
6,945.5+ 56,580+ . 10,099+

There are clear cost savings to be made by the better application of ecological knowledge and
by the acquisition of new knowledge. Costs of uncertainty in science and of potential errors
can be illustrated by three examples (Statzner & Sperling 1993).

E.g. a) Varying standards for effluents from sewage treatment plants in Europe.

Until the imposition of common standards in the EU, standards for some determinands in
effluent have been as specified in Table 7.3. It can be argued that the large differences in
standards among countries are not based on objective knowledge of the ecology of catchment
ecosystems. For instance, Danish streams are not five times more sensitive to NH,-N than
German ones, neither is there a five-fold difference in wealth between Denmark and Germany. -
Either, one country is being needlessly cautious (Denmark) or the other is risking ecological
damage (Germany). Clearly a scientific basis for standards is required.

E.g. b) common standards, varying conditions

The general risk of imposing a global limiting value on effluents throughout the community can
also be demonstrated by considering NH, emissions. NH, does ecological damage
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Table 7.3 Current standards for effluents plants in various European countries (Statzner
and Sperling 1993).

Country BOD NH,-N Total N Total P
(mg 1) (mg I') (mg 1) (mg 1)
Belgium 15-50 ND ND ND
Denmark 15 2 8 1.5
Germany 15-40 10 ND 1-2
Italy 40 10 15 0.5-10
Netherlands 10-20 ND 10-15 1-2
Portugal 40 10 15 2-10
UK* 15-50 10-25 ND ND

* Now largely replaced by in-river needs consent calculations.

ND, not defined

because it is progressively converted to non-ionized NH; when pH and temperature rise. Thus
NH, is toxic to freshwater fish above about 0.03 mg NH -N 1" as 17 °C and 100% oxygen
saturation. Statzner and Sperling (1993) take Denmark as their example and point out that
streams in S.W. Denmark, because of geological conditions, are more acid than those
elsewhere. Thus the critical value of NH,-N with respect to ammonia's toxicity to fish is very
different, (by as much as five-fold) in acid versus basic stream water and shady (cool) versus
non-shady streams. Thus, a single value for NH,-N for Denmark (let alone the whole EU)
ignores what we already know of the system and risks ecological damage or unnecessary cost.

E.g. ¢) reduction in BOD and the response of bioindicators

It is well-established that the relationship between investment in sewage-treatment plants and
technical performance is non-linear. To reduce the final 5 mg of BOD is almost 35 times more
expensive than the first 5 mg. Similarly, the ecological responses of bioindicators are also non-
linear. A modest increase in oxygen concentrationin polluted waters produces an obvious shift
in bioindicators. In water already fairly clean, bioindicators change rather little for a similar
improvement. Thus, improvements from good to very good are costly. Further, removing
organic pollution as a stress reinstates the previous, natural limiting factors. If the stream in
question is a lowland, sluggish stream it will never be shown as really top quality by some
older indicator systems. In such circumstances, money could better be spent on some other,
less-traditional restoration options. It is possible, that greater environmental benefits could
accrue by application of new ecological knowledge rather than by conventional, advanced
tertiary treatment. Research should avoid the risk of missing these benefits where legislation
allows it (i.e. where there is discretion).
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This last example illustrates the clear role of non-linearities in ecological systems. Statzner ef
al (in press) have recently extended this logic to look at the optimal investment strategies in
environmental improvement using three separate measures: waste water treatment, stream
restoration through the provision of buffer strips, and the specification of minimum flow
requirements. If each is applied through the normal practices of imposing inflexible threshold
or limiting values, environmental gains are made more slowly (and in fact may never accrue
in practice) than if the environmental benefits of each “slice' of the total investment were
assessed continuously. For instance, managers might focus first on measures that relate to the
limiting values for which legislation places the greatest constraint; in practice this is usually
waste water treatment. Only after standards set for waste water treatment are achieved
throughout a river basin, therefore, will investment be made in the next kind of measure.
Because the budget may be consumed entirely by waste water treatment, there may be very
little available for other measures. This kind of investment strategy will achieve lesser benefits
than if a mix of available measures were- applied, optimally, at each stage of the investment
process. Such considerations establish the need for new approaches and measures in the
science and practice of catchment management. They argue powerfully for blends of natural
sciences and environmental economics to produce optional strategies for the sustainable
management of catchments.

Finally, Statzner et al. (in press) provide figures for the percentage of total expenditure on 200
projects in freshwater resource management reported worldwide in 1994 (Table 7.4). The total
cost was almost US$675 billion. Less than one tenth of one percent was spent on freshwater
research and assessment. Even if as little as 1 or 2% of the costs of management could be
saved by better research and science application, therefore, a clear economic benefit will be
gained.

Since decisions over the management of river catchments incur costs of this type, there is
clearly a need to weigh alternative management strategies, and to propose R & D options which
optimise benefits relative costs. At present the methods for directly weighing such costs and
benefits for this purpose are insufficiently developed. Thus, our assessment of the future
options in the text that follows is governed by qualitative considerations of costs and benefits.
However, we point out two particularly strong features of our preferred option (7.3.4) which
are that

i) it emphasises the development of valuation methods, in both economic and environmental
terms, that will improve cost-benefit procedures to aid management decisions in the future;
and

ii) it promotes a holistic understanding of catchment ecosystems as a general aim, and in
particularly emphasises the development of models to predict with confidence the likely
success or failure of alternative management actions at a range or scales. The comparison
of outcomes from alternative strategies will have clear implications for optimising benefits.
In this, the financial savings relative to the costs outlined above are potentially large.
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Table 7.4 Proportion of world-wide investments (reported in 1994) in completed, current
and planned projects in freshwater resource management (Statzner et al., in
press).

Project category %

Improvement of the ecological quality of surface waters

(primarily restoration of running waters) 39.5
Waste water treatment 38.8
Drinking water supply and irrigation 6.2
Reservoirs (multiple use) 5.8
Miscellaneous 9.6
Freshwater research 0.1

7.3 A Range of Options

A number of options can now be considered and these were first identified in Section 5.3 (p.
47). They begin with a “do nothing' alternative. This entails taking no further action other
than continuing the present scale of R&D in the user community along with the National effort
in basic research in Institutes and Higher Education Institutions. The remaining options
involve, in addition, various blends of further Development (see Chapter 6) and new Research.

i) Do nothing'. This would involve present levels and focus of R&D in the user community.
ii) “Do minimum'. This option involves no new research but a much more active and targeted
development programme (see Section 7.3.2  below).
iii) Do minimum plus extra research'. Extra developmentas in (ii) plus a modest programme
of better targeted, site-specific or problem- orientated applied research.
iv) A Catchment Ecosystem Research Initiative. Extra development efforts (as in (ii)) plus
a coordinated, larger-scale programme of research shared jointly between the science
and user communities and targetted at a single river catchment plus a small set of
comparative catchments.
v) A Catchment Ecosystem Research Initiative (as (iv)) but aimed at a comprehensive range
of catchments representing all the main conditions represented in UK rivers.

We now identify, for each of these options, a series of associated Costs, Benefits, Constraints
and Risks/Uncertainties.
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7.3.1 Option (i) “ Do nothing'

Costs The monetary cost of the NRA's R&D programme (93/94) was about £4.9 million,
not all of which can be allocated to catchment management. Some further costs to
management are unavoidable, such as the EU's Directives on nitrates and waste
water treatment (see Section 7.2).

Benefits Modest progress in meeting some of the user needs identified in Chapter 5. This
progress will be site -and/or problem specific and will not increase generic
understanding that is “transportable'. User issues progressed* will be specific

aspects of:

a) User output 5 - Land-use, contaminent cycling and transport in catchments

b) User output 2 - Impact and recovery from point/diffuse, episodic/chronic pollution

¢) User output 3 - Measure and manage eutrophication and pesticide contamination

d) User output 1 - Scientific and economic bases for EQOs

e) User output 9 - Measuring/defining 'allowable damage to ecosystem'

f) User output 4 - Managing physical habitat for fish

g) User output 8 - Measures of conservation quality and value

(This list reflects the latest R&D portfolio of the NRA)

Constraints

Risks and
Uncertainties

Uptake of science by the user community is presently inadequate and would
remain so. There would be a continuing scale mis-match between science
understanding and management needs. The present fund of scientific knowledge
and understanding would be increased only slowly and modestly.

There would be a failure to focus both existing investments and initiatives
already underway within the user community (e.g. The Environment Agency
is charged with working to the best available scientific knowledge), and in the
national research agenda (e.g. the OST Technology Foresight). The
Technology Foresight Panel on Agriculture, Natural Resources & Environment
identified 'More widely integrated environmental research programmes' as one
of its recommendatiors for generic areas needing investment. A further need
was for “soundly based legislation, training and advice', while a key constraint
was ~Supply of trained science, engineering and technology graduates and

4 Numbers refer to those in Table 5.1
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postgraduates'. The ANR & E Panel also stated that scientific disciplines had
become isolated, whereas many of the problems in attaining a sustainable
environment "require a multidisciplinary approach'.

Uncertainties in how to manage catchment ecosystems sustainably (including
uncertainties as to their value) would persist at the risk of their large-scale failure.
There would also be the risk of needless expenditure through the operation of the
precautionary principle. The adoption of the “do nothing' option works against the
ease of whole catchment management because small-scale, piecemeal research (which
is what is being done at present) cannot inform us how whole river catchments function
as ecosystems. We need a more holistic understanding of the systems we are trying to
manage. The British research effort on freshwaters is presently too fragmented, too
empirical and too small to guide management of such a crucial resource.

7.3.2 Option (ii) *Do minimum'

The increment of effort in this option involves adoption of the initiatives in science transfer,
training and communications outlined in Chapter 6, and to complete the process of science
transfer of research in progress.

Costs Monetary costs associated with “Do nothing' are still incurred, plus modest extra
Development costs of new training, science transfer and communication initiatives
(perhaps an extra £2 million y” depending on the size of the programme).

Benefits As in Do nothing' plus some improvement in currently available best practice.
There would also be a modest strengthening of the freshwater community through
increased communication between scientists and end-users.

Constraints  As for “Do nothing' except the constraint of an inadequate science uptake would
be removed. ‘ : :

Risks and

Uncertainties Broadly as for the Do nothing' option. Scientific uncertainties would persist,
we would forego much new knowledge with the risk that inappropriate models
will be applied at high economic costs and unknown environmental risk.

7.3.3 Option (iii) Do minimum plus extra research’

The development initiatives under Option (ii) are adopted plus a modest programme of extra
research, undertaken by the user community alone. This research would be strictly targeted,
and site- or problem-specific, as is the present R&D Programme of the Environment Agency,
but would be expanded in intensity and/or coverage. Research would be focussed on existing
management approaches and initiatives (i.e. on use-led interests, (U), and on questions with
joint science (S) and user interests in Table 5.1. of Chapter 5, p.49). Further, an " Ecological
Assessment Group' could be formed, that would be charged with “phenomenological' research
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on the effect of specific works or incidents, wherever/whenever they occur. This would
eventually establisha “case law' of such effects that might subsequently be of predictive value.

Costs Monetary costs will be as for the previous Option (ii) * Do minimum', plus the costs
of the extra research effort that would require an increase in the Users' R&D
budget on catchment management, perhaps by 50% depending on the size of the
programme.

Benefits These include the benefits accruing to the previous Options (i) and (ii)). Two
further kinds of benefits would accrue. First, we could expect progress with
specific aspects of a further group of the user priorities identified in Table 5.1
(p.49). These might be:

a) User output 7 - How to design and restore habitats-

and/or

b) User output 10 - Detection of community change

¢) User output 6 - Rendering ecosystems less sensitive to pollution.

Secondly, further (i.e. additional) site-specific aspects of User priorities 1-5, 8 and 9
(see Option (i) above) could be progressed, depending on the size of the enhanced
programme. :

Constraints Outputs would be targeted to user priorities, so advance in scientific
understanding would be relatively small. There would be little/no progress with
the problem of scale. Generic scientific understanding would not be
substantially advanced.

Risks and

Uncertainties These remain as in Option (ii), above. Failure by the user and science
communities to collaborate in a large-scale thematic programme on catchment
ecosystems will lose the opportunity for generic understanding. Tools and
models will remain largely empirical, with the risk that environmental changes
or failures will be unpredictable. Sustainable use (i.e. good husbandry of the
resource base) cannot be guaranteed.

7.3.4 Option (iv) A Catchment Ecosystem Research Initiative (CERI)

This would involve, first, the Development (transfer, training and communication) initiatives
adopted under Options (ii) and (iii). Additional development opportunities, however, would
arise by the partnership of users and scientists in a large-scale, thematic programme. These
would be partly by the participation of user staff in research modules and their joint ownership
of it.

Research would involve a large, thematic programme, undertaken jointly and collaboratively
by the user and science communities. It would involve multi-scale research and have clearly
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targeted objectives and outputs. A research strategy would be adopted of a single
(" demonstration') catchment, plus several (probably 5) comparative catchments.

Costs

A proposal to NERC has been costed at about £9.5 million over 5 years to the
Research Council. In addition, the socioeconomic aspects (ESRC might be a
source) would cost an additional £2-3 million. The user community would provide
support in kind (sites, labour, transport and facilities) plus cash of between £5-6
million over five years. Development costs in Option (ii) would be additional.

Benefits The real needs are to advance science-based catchment management to obtain a

holistic understanding of catchment ecosystems. This option is the first of those
considered to achieve that. Research would attain a “critical mass' sufficient to
answer large-scale questions. Cost benefits to users accrue through collaboration
and common cause, and particularly in the mutualistic use of user and science
funds. Benefits follow from the increased contacts of scientists and users.

Progress in understanding, in improved models and user “tools' in all of:-

(a) Areas where there is a match between science and user interests (Table 5.1, p.49).
(b) Science-led questions of a basic or strategic nature.
(c) User-led priorities.

This progress would be less problem- or site-specific and there is a reasonable
expectation of generic (or “transportable') understanding and prediction. Greatly
improved best practice could be anticipated, promoted initially by more effective
science transfer and communication but, subsequently, through new scientific
understanding. '

Cost savings would accrue via better advised investment strategies (i.e. more
environmental benefit per pound spent) and a move towards more objective
environmental targets (i.e. an indication of when regulations and constraints may be
unnecessarily tight or lax). Technology Foresight Panel recommendations would be
addressed.

Constraints The main constraint is in the ability of the Freshwater Science Community to

respond to the challenge of large-scale research. There would be some delay
in increasing the cohort of well-qualified young scientists.

Risks and
Uncertainties The main risks are with management and targeting of a large, collaborative

programme. Scientific progress can never be guaranteed, but fundamental
effort in freshwater ecology in the UK is presently small and the benefit accrued
for new expenditure should, from this low base, be substantial. A further
technical risk is that the single demonstration catchment (plus five comparative
catchments) will provide insufficient replication of conditions.
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7.3.5 Option (v) A Multi-Catchment Ecosystem Research Initiative

This would be similar to Option (iv) (CERI) but would be both more extensive and intensive.
Rather than a single demonstration catchment and five comparative catchments (as in CERI),
a programme of multi-scale research would be directed equally at each of a sample (at least
five) of substantial river catchments in the UK. In Option (iv) CERI this level of research wold
be applied only to the single, demonstration, catchment.

Costs The costs of CERI (in the order of £17.5 million, total) would be added to by,
perhaps £4-8 million per catchment (economies would be obtained for further
catchments), giving a total for five catchments of between £45-55 million.

Benefits A wider range of conditions would be studied and all/most UK regions could be
represented. Replication is more assured and greater certainty achieved.

Constraints  These are financial and in expertise and manpower. The UK does not have the
resources to mount this level of effort in the freshwater sciences. (It might be
achievable and justifiable in a European context).

Risks and

Uncertainties There would be great risks in the management of such a large programme.
Data Stewardship would be very complex indeed - with associated risks to the
output.

7.3.6 Which option?

The main need for the user community is to increase certainty in science-based catchment
management. Enormous investments are being made in environmental management and
savings even of 1% in these, through improved science-uptake and/or scientific knowledge,
will be cost beneficial.

In our view only Options (iv) and (v) provide the increased scale of scientific certainty
(including holistic catchment science) required. Option (v) is too costly and ambitious for a
national level of effort in the UK. Option (iv) (CERI) also has the advantage for the user of
better focussing the efforts of the science community to the needs of the user community. This
is entirely consistent with the OST's policy for science in the UK and with the Technology
Foresight Panel's report on Agriculture, Natural Resources and Environment.

In the final chapter of this report, therefore, we present a more detailed plan for CERI and
where/when specific outputs/deliverables can be expected.
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8. THE CATCHMENT ECOSYSTEM RESEARCH
INITIATIVE

Previous sections of this report have formulated and prioritised science questions (2.0),
identified key end-user issues (3.0), and compared these two to produce three lists of topics
that have some match between the interests of Scientists and User (S&U or U&S), or are
predominantly Science (S) or User (U) led. A consideration of options (7.0) then concluded
that the most beneficial option would be for a programme of Development (improved transfer,
training and communicationas specified in Section 6) plus a collaborative programme of multi-
disciplinary research undertaken through a partnership of scientists and users. The research
programme has been named CERI, the Catchment Ecosystem Research Initiative. In this
section we describe CERI more fully, including the science programme, suggestions for
scientific approach and location, plus costs, timetabling and a possible management structure.

8.1 Themes and Science Questions in CERI

While this feasibility and scoping study was being undertaken the Steering Committee put
forward a proposal for NERC support of a Thematic Programme (CERI) of research. This was
a bid for science funds, that might subsequently attract some measure of matching funding from
other sources, including other Research Councils (such as ESRC) and, crucially, the user
community, thus forming the desired science/user partnership. The bid to NERC is bound in
this report as Appendix 2. This Section borrows from the NERC proposal but differs from it
in being able, for reasons of space, to give a somewhat more detailed description of the Science
programme and of the anticipated User outputs, while avoiding repeating the background.

The NERC Thematic Proposal was born out of work carried out during this feasibility/scopirg
study and addresses the key science issues identified. The central idea is that there is a need
for multi-scale research to clarify linkages between patterns and processes at different
spatiotemporal scales and, thereby, to bridge the present gap between " small-scale’ scientific
understanding and "large scale' management questions. The scientific themes and questions
described in the NERC proposal, however, were a reformulation of those given in the earlier
parts of this Report and we need, therefore, to demonstrate how CERI will address the fifteen
key science issues and produce the desired end-user outputs identified.

CERI takes “Scale and Linkage in the Catchment Hierarchy', as its overarching theme, with
a single, key scientific question.

u How are patterns and processes at any scale in the catchment hierarchy
linked with those at neighbouring scales?

There are four related subthemes, each with associated questions:-
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a) Disturbance, resilience and resistance

. What determines the sensitivity of freshwater ecosystems to perturbations of
different spatiotemporal characteristics?
. Can we predict or influence system recovery?

b) Physical heterogeneity and patchiness

. Does the division and heterogeneity of fresh waters in catchment ecosystems
control ecological and genetic diversity in the biota?
. At what spatial scales in the physical hierarchy are ecological and community

dynamics stabilised?

c) Budgets and transport

. What are the key ecosystem linkages in catchments, for instance between land
use and/or atmospheric depositions and water quality?
. What are the dominant processes in material cycling and river transport and

how is the latter regulated?

d) Evaluation and valuation
. How do environmental indicators relate to the underlying ecological function of
systems and how do these indicators respond to specific perturbations?
. Can we establish widely accepted, credible economic values for ecological
processes?

Table 8.1 provides a “translation' of these CERI themes and subthemes in terms of the key
science questions and user outputs identified in this Feasibility and Scoping Study (Sections 2
and 3).

8.2 Scientific Approach

A single, moderately large river catchment will be studied intensively, plus a group of five
“comparative' catchments, each of which will be subjected to a restricted sub-set of the
intensive programme. These comparative catchments will provide replication at the greatest
scale, ensure a wider range of conditions than is represented in any single catchment (for
instance, very impacted tributaries), and will increase the generality of models/concepts.

Secondary studies should also take advantage of opportunistic events to study specific
phenomena as they arise. Such events might include engineering impacts, flood alleviation
schemes, sewage treatment works, acute pollution spillages, appraisal of river restoration
schemes, etc.

Research will be organised around the physical catchment hierarchy (Table 8.2) and will
involve three approaches (i) a sampling programme with a nested, hierarchical design, (ii)
manipulations at various scales in field and laboratory, (iii) modelling. Modellers must be
involved at the outset of data gathering and experimentation to encourage the development of
testable and validated models relevant to the problems of end users.
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Table 8.1 Relating the CERI Theme and Sub-themes (Column 1) to the Key Science
Questions identified in Chapter 2 (see Table 2.1) and User outputs from

Chapter 3 in Columns 2 and 3, respectively.

Themes and Science Questions
in CERI. Scale and Linkage in
the Catchment Hierarchy

Key Science Questions in
the Feasibility/Scoping
Study

Management Outputs

® How are patterns and
processes at any scale in the
catchment hierarchy linked to
those at neighbouring scales?

(10) ..small scale...large
scale...patterns

(12) ..catchment-scale
models...

Science-based management.

Predictive catchment-based models.

a)

Disturbance, resilience and
resistance

What determines the
sensitivity of freshwater
ecosystems to perturbations
of different spatiotemporal
characteristics?

Can we predict or influence
system recovery?

(14) ..ecological effects

of...chemical perturbations...

(15) ..effects of flows...on
organisms...

(8) ..persistence and change
in freshwater communities. ..

Assessing impact of, and recovery from,
point/diffuse, episodic/chronic pollution. (2)
How to measure impact and manage
eutrophication and pesticide contamination. (3)

How to manage the physical habitat for fish and
other species. [part] (4)
How to design and restore habitats. (7).

Measuring and objectively defining “allowable
damage' to ecosystems. (9)
How to detect community change. (10)

b)

Physical heterogeneity and
patchiness

Does the division and
heterogeneity of fresh
waters in catchment
ecosystems control
ecological and genetic
diversity in the biota?

At what spatial scales in the
physical hierarchy are
ecological and community
dynamics stabilised?

@) ..freshwater
biodiversity...

(6) ..spatial characteristics
of freshwater populations...

(7) ..models applying to
freshwater communities. ..

(5) ..quantitative, long-term
population ecology...

(9) ..patterns in freshwater
food webs... :

Measures of conservation quality and value.
[part](8)

Offering new/improved ecological indicators.
[part] (11)

How to manage the physical habitat for fish and
other species.[part](4)

Means of rendering ecosystems less sensitive to
pollution. (6) ) )

How to design and restore habitats. (7)

How to manage the physical habitat for fish and
other species. [part] (4)
How to design and restore habitats. (7)

Measures of conservation quality and value.
[part] (8)

Offering new/improved ecological indicators.

[part] (11)
How to detect community change. [part](10)
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Table 8.1 (cont) Relating the CERI Theme and Sub-themes (Column 1) to the Key
Science Questions identified in Chapter 2 (see Table 2.1) and User
outputs from Chapter 3 in Columns 2 and 3, respectively.

Themes and Science Questions

Key Science Questions in

Management Outputs

in CERI. Scale and Linkage in the Feasibility/Scoping
the Catchment Hierarchy Study
¢) Budgets and transport
e  What are the key ecosystem  (3) ..basic biogeochemical How to model and manage the link between
linkages in catchments, for processes... land-use (including agrochemical applications)
instance between land use and contaminant cycling and transport in
and/or atmospheric catchments. (5)
depositions and water
quality?
¢  What are the dominant (1) ..temporal and spatial How to model and manage the link between
processes in material characteristics of sediment land-use (including agrochemical applications)
cycling and river transport transport... and contaminant cycling and transport in
and how is the latter catchments. [part] (5)
regulated? _
(2) ..effects of flows and Means of rendering ecosystems less sensitive to
sediment transport... pollution. (6)
How to design and restore habitats. (7)
Measures of conservation quality and value.
d) Evaluation and valuation
¢  How do environmental (11) ..role of species...in Measures of conservation quality and value.
indicators relate to the ecosystems.... [part] (8)
underlying ecological
function of systems and
how do these indicators
respond to specific
perturbations?
*  Can we establish widely (13) ..assessment Scientific and economic basis for environmental
accepted, credible economic  of...economic value... quality objectives. (1)
values for ecological Measuring and objectively defining "allowable
processes? damage' to ecosystems. (9)
R&D Technical Report W54

88



Table 8.2 The physical hierarchy and °descriptive/survey' and "experimental' approaches

feasible at each scale

Description/Survey*
of pattern and process

Experimentation} and manipulative
process studies

The whole river system and its catchment

O within a broader regional/national
framework (applying broad or regional
scale techniques from remote sensing,
GIS, and regional economic models).

Replicated tributaries

O reflecting categories of solid
geology (base poor/rich) and land use
both in the river corridor and in the
general catchment (e.g. arable, forestry).

Replicated river reaches (1-10 km)
O nested within tributaries

Macro-habitat features
O riffles, pools, dead zones,
replicated within reaches

Meso-habitat features

O vertical (within stream bed) and
lateral (across channel into riparian)
dimensions, replicated within macro-
habitats. :

Micro-habitat features
O replicated micro-habitat units, such
as stones, leaf packs.

“natural' experiments with factors
such as geology, soil and land use.

manipulations at the reach scale (e.g.
nutrient additions, retention manipulations
using woody debris).

manipulations in replicated stream-side
channels (with nutrients, contaminants,
predators, etc.)

manipulations in in-stream channels, enclosures
and exclosures (with predators, competitors,
food and nutrients, for instance).

small scale experiments at the substratum
particle scale (leaching substrates, stone
turning, leaf packs etc).

Laboratory microcosms.

Notes:

* Descriptive/surveyefforts will be directed at nested, hierarchical sampling of patterns and processes involving:
O biotic components (fish, other vertebrates, macroinvertebrates, macrophytes, epilithon, plankton, meiofauna,

hyporheos)

O chemical components (nutrients, major ions, metals, etc)

O physical components (hydraulic variables, substratum particles and sediment yields, storage zones,

debris/detritus, light, temperature, etc).
O socio-economic components of the system.
O whole system features.

+ The “targets' of experimental/process studies will similarly address the living, physico-chemical and socio-
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economic components of the system. Experimental facilities would include a large scale, fixed facility of
replicated channels, plus sets of mobile channels that could be operated at any secure stream or riverside site.

8.3 Environmental Economics within CERI

Economics research within the catchment ecosystem research initiative will:

build on work already undertaken by the NRA and the Environment Agency,

be targeted at the needs of the Agency and other organisations with a management role, and
ensure that any valuation studies are undertaken within a well-defined framework of
requirements to ensure that they are both transferable and useable for both policy and
project level applications.

The project planning phase of CERI (see below) should aim at focusing the economics research
and ensuring that these three criteria are met. At present there is no standard methodology for
the assessment of catchment management proposals. The development of such a methodology
could form an integral part of the research. For example, this could draw on the work being
undertaken by the Environment Agency under the European Union's LIFE programme. The
project, entitled River Restoration: Benefits for Integrated Catchment Management, aims to
encourage the restoration of rivers in Europe and involves the restoration and monitoring of
three case study rivers, two of which are in the UK. Information gained from monitoring is
to be used to assess the environmental benefits of restoration.

In essence, the economic assessment of the benefits of proposals for catchment management
requires that the impacts of management are first quantified then valued. Research should thus
be aimed at ensuring that the range of impacts are known, that impacts can be quantified and
that valuation is possible. With respect to the development of standard values, research should
be focused on those areas where benefits (or costs) are likely to be most significant. Thus,
initial research needs to be targeted at identifying these significant benefits. In prioritising the
development of standard values, consideration needs to be given to:

e existing values: research should be focused on those areas where data are poor. For
example, with respect to the valuation of fishery benefits, there are good economic data on
the capital value of salmonid fisheries while data for other fisheries are poor;

¢ applicability to other areas: the development of standard values which could be applied to
a range of decision problems should be given priority over those with a narrow
applicability; and

¢ the divergence in requirements for decisions which could be considered to have a low level
of overall impact (either environmental effects or on expenditure) versus those which will
have considerable impacts (perhaps on a number of environmental receptors, interest
groups, etc).
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In developing future methodologies, consideration should also be given to the whole range of
Environment Agency activities which could impact on river catchments. As would be
expected, standard methodologies developed by the NRA focused on the water environment
alone. However, the Agency incorporates the responsibilities of the NRA, HMIP and the
waste regulators. Methodologies are needed, therefore, which provide a means of integrating
management decisions across these sectors. Such methodologies could be based on the use of
CBA techniques or could draw on other approaches such as multi-criteria analysis.

8.4 Addressing the Themes

Here we describe the research emphasis for each of the four CERI Subthemes and specify
research modules that would fall under each of them. Activities described under each
Subtheme would answer the key ecological questions, and provide the key management
outputs, indicated in Table 8.1. Additional Scientific and Management outputs (specific to
each module) are indicated in Table 8.3 below.

8.5 Locations and Experimental Facilities

The primary catchment will have the following characteristics:-

i) a varied but not too complex solid geology, incorporating v) a background of previous research and

base-poor and base-rich components. management knowledge with a good,
ii) a varied relief with upland and lowland courses, existing data-base.
including some functional flood plain. vi) be of national economic and conservation
iii) a range of land uses. importance.
iv) a variety of environmental impacts (but not vii) a strategic position for the provision of
extensively degraded). training facilities for students and

environmental managers.

The main candidates are the Wye, Severn and Trent. The five secondary catchments would
be drawn from the two rejected from the primary list plus the Exe, Thames, Tweed and
Yorkshire Ouse (Table 8.4).

Provision of new, national experimental facilities for lotic research will be an essential element
of the programme. These would include large-scale, replicated off-stream channels plus sets
of smaller, transportable, channels. The active support of the NRA in providing infrastructure,
facilities and technical expertise in such a venture (and in the project in general) is a crucial
and strong feature of this project.

8.6 Costs and Resources Required

This section concerns the Research element of CERI (i.e. in addition to Development costs).
the four Subthemes would each be undertaken through a mixture of “core' research and
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“special topics'. Core research establishes the central theme of the catchment hierarchy and
its sampling, central methodologies and facilities, quality control and data analysis and
modelling. Special topics give somewhat greater flexibility to researchers involved to set their
own targets and methodologies within a carefully directed and managed overall programme.
It is also possible to distinguish the Modules in CERI (see Table 8.3) of main interest to the
user community, the science community, or of mutual interest. We recommend that user funds
are directed primarily (though not necessarily solely) at modules with the highest or clearest
management priority, while more basic aspects be earmarked for science funding.
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Table 8.4 Rivers short-listed as Suitable primary/secondary catchments

River Link with Link with NRA CMP Consultation
LOIS ECN Report produced
Wye - Yes Yes
Trent Yes - Dove to Humber due 1997/8 or later

Upper Trent due 1997/8 or later

Severn - - Upstream of Perry due 1994/5
Estuary due 1996/7
Perry to Teme due 1997/8 or later

Exe - Yes Due 1994/5

Great Ouse - - Ely Ouse - Yes
Bedford Ouse due 1994/5
Upper Ouse due 1995/6

Thames - - Upper Thames due 1994/5
Benson to Hurley due 1995/6
Tideway and estuary due 1995/6
Buscot to Eynsham due 1996/7
Hurley to Teddington due 1996/7
Eynsham to Benson due 1997/8 or later.

Tweed Yes Yes -

Yorkshire Ouse Yes - Yes

It should be stressed that this strategy does not offer a way of partitioning or dividing resources
or researchers into separate ‘camps'. The whole programme proposes a partnership that
achieves intellectual coherence only by the interdependence of the parts. Table 8.5 is a two-
way classificationof the research modules in CERI along categorical axes of i) priority for end-
users/scientists and ii) into core science or special topic modes. It suggests, for instance, that
end-user funding should be concentrated on modules in the Disturbance, Resilience and
Resistance Subthemes, and be used to support the Core Science in this area plus two Special
Topics.
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Table 8.5 CERI modules classified according to i) end-user/science priorities and ii)
funding mode.

Funding Modes Funding Priorities
A B C
Core DR&R(i)(part)  B&T(ii) PH&P(1)
DR&R(ii)(part) E&V(i) PH&P(i1)
E&V (ii)
Special Topics DR&R(i)(part) B&T(1) PH&P(iii)

DR&R(ii)(part) B&T\(iii) PH&P(iv)

Note:  End-user/science priorities are in three levels, following Table 8.3: A. user-led modules, B. modules
where there is a match but where user interests are particularly strong, and C. primarily science-led
modules. Funding mode is either, as part of the Core programme or, as a Special Topic. Subtheme
names: DR&R - Disturbance, resilience and resistance; PH&P -Physical heterogeneity and patchiness;
B&T - Budgets and transport; E&V - Evaluation and valuation. For Module numbers see Table 8.3 .

The Thematic Programme proposal to NERC specified a total cost to the Research Council of £9.5 million, and
we here recommend user funding of a further £5.5 million over five years (in addition to support "in kind') plus
a contribution from ESRC of £2-3 million, mainly to support the Evaluation and Valuation Subtheme and to
integrate socioeconomic sciences in the other modules. The financial summary in the CERI Thematic Programme
proposal is included in Table 8.6 below, to which has been added the proposed contribution from end-user sources
and ESRC. Most, though not all, of their contributions are envisaged as going towards Core Science and Special
Topics. End-user funding would also contribute, for instance, to the early establishment of experimental facilities.

8.7 Timetable and Management

We envisage a series of basic, strategic and applied science outputs from this research. Despite
dealing with long term issues, results relevant to management can be achieved with this 5-year
project. Each sub-theme a)-d), alone or in concert with the others, will yield new information,
new tests of theory at broader scales, and new and improved models. We have specified above
the management outputs generated for each of the CERI models.

Success can be judged by our ability to translate scientific outputs into clear generic
frameworks of use to managers. Initially, outputs will be in the form of tests, modifications
and validation of existing empirical “tools' (schemes for quality assesment e.g. SERCON,
RIVPACS; methods for assessing ecologically acceptable flows e.g. PHABSIM). Finally,
there will be data bases, which will be placed in the long-term stewardship of one or more
Institutes, and new experimental facilities for river research. We will aim at the schedule of
outputs and targets indicated in Table 8.7.
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Table 8.6 The financial profile of CERI (figures in £k cash).

Activity Year
1 2 3 4 5 Totals

Core programme of hierarchical sampling and
manipulation 1400 1400 1100 225 200 4325
- 350 800 800 400 2350
(400) (400) (400) (400) (400) (2000)

Special topics (supporting sub-themes) 350 1400 1200 200 - 3150
- 500 500 500 500 2000
(100) (100) (100) (100) - (400)

Central Services (GIS/Remote Sensing/
Stable Isotopes) 200 200 200 200 70 870
40 40 40 40 40 200

) ) O ) ) )

Establishing experimental facilities 280 280 - - - 560

250 250 - - - 500

) ) ) ) ) )

Information managment 35 35 35 35 35 175
20 20 20 20 20 100
10 @10 10 10 109 GO0

Project management 70 70 70 70 70 350
50 50 50 50 50 250
(10) (10) 10) 10) (10) (50)

Workshops/conferences 14 14 14 14 14 70
20 20 20 20 20 100

) ) ) Q) ) O]

Totals ~ 2349 3399 2619 744 389 9500
380 1230 1430 1430 1030 5500
(520) (520) (520) (520) (420) (2500)

3249 5149 4569 2694 1839 17500

Key: Support requested from NERC (as in Thematic Programme Proposal) in plain text, contributions under
each heading from end-users in italics, and from ESRC in parenthesis. Grand totals are in bold.
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Table 8.7 Likely timescale for the various component activities of the Catchment Ecosystem Research

Initiative

Activity

Year 2 Year 3 Year 4 Year 5

Establishing primary catchment studies
Secondary catchment studies

Data base development and management
Experimental facilities ready
Workshops, reports, training courses

Review, improvement of existing
“management’ models

Development, tuning of new
management approaches

Regular management, review meetings

1

Achieving these outputs will require clear, effective management and we recommend that end-
user investment be protected by using some of the resource to find an independent
manager/liaison officer for the project charged with co-ordinating the progress of the science

and its uptake into their activities.

A management scheme for CERI is presented in Figure 8.1.

The Senior Management Group will include representatives from the funding bodies,
senior members of the Project Management Group and independent scientific peers (from
academia and from industry) and will have overall responsibility for the science policy and
direction of the Initiative.

The Project Management Group, consisting of chairpersons of Subtheme Groups plus key
members of the Senior Management Group will be responsible for the practical
management and administration of the Initiative.

A series of Subtheme Groups will consist of a chairperson plus Work Unit Leaders the
modules in each Subtheme (see Section 8.4 for details) and will have responsibility for
ensuring communication and coordination within each topic.

Each module may consist of one or more Work Units and these form the core of the
research programme and may consist of a variety of types (three possible types are shown
in the diagram). Targets will be set for each Work Unit and progress will be monitored
through supervision, interactions and meetings, where necessary.
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Project Management Group
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Figure 8.1 Management Scheme for the Catchment Ecosystem Research Initiative
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8.8 The Next Step

We recommend a phase of detailed project planning - including both Research and

‘Development elements of CERI under the guidance of a new Project Planning Group. The lead

in planning the Research Programme should be taken by one or more senior scientists with a
clear conception of CERI and its objectives. The task will be challengihg and should be
undertaken, preferably on a full-time basis, through secondment or contract.

The group must contain an expert socioeconomist, who can carry out a more precise
cost/benefit analysis of the research and plan the environmental economics research that¥will
form part of CERI. The Planning Group should also have access to other disciplines
(ecological, hydrological, geographical) relevant to catchment ecosystem R & D. The user
community must be represented at a high level, preferably by a senior business manager who
can assess, plan and cost the provision of facilities in kind (such as existing buildings and
sites). ‘

The Research Planning Group should report on the following issues:

i) finally select core and comparative sites, _

i) identify potential sites for a research base, experimental facilities, etc,

iii) plan the science programme and costings in further detail (including specifying core lements
and special topics, identifying possible contractors, etc),

iv) specify user outputs and targets, including measures to ensure their timely production and
output.

The partnership elements of CERI, between scientists and users, is crucial and must be retained
in whatever developments accrue.
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9. RECOMMENDATIONS

1. It should be recognised that sustainable management of catchment ecosystems requires
an enhanced effort in both scientific research and development. We recommend a
partnership in R & D between the user and science communities to ensure the
sustainable management of catchment ecosystems through improved scientific
understanding.

2. The emphasis of this R & D must be placed on understanding at the whole catchment
scale, because catchments are the units of management and have unique properties as

natural ecosystems.

3. Development should be aimed:

i)  at developing models from present scientific knowledge and building upon the
existing tools, procedures and methods that constitute present best practice
ii) at identifying and assessing new scientific knowledge and understanding that is

of potential use for management

iii) at improving science uptake, to the benefit of management, through novel, more
vigorous modes of communication (including training initiatives) between
research scientists and professionals in management organizations.

4. The first aspect of Development (identifying and assessing new scientific developments
for management purposes) requires specialist knowledge of both management needs and
of particular scientific fields. This task would be suitable for contracting out or,
preferably, for secondments of experts from HEIs or NERC Institutes or other Research
Council Units.

5. Research should be undertaken principally in areas where:
1) there are significant gaps in knowledge
ii) the report finds a match between science and user interests

iii)  the feasibility of the science and the capability of the science community make
progress most likely.

6. Research should have clear outputs and targets of relevance to users. The two most
important general outputs should be:

i) the promotion of a holistic understanding of catchment ecosystems, resulting in
the development of predictive models and thus allowing the outcomes of
alternative management strategies to be assessed.

ii) the development of methods for the valuation, in both economic and
environmental terms, of biodiversity and of ecosystem processes. This will
assist cost benefit assessment of management procedures in the future.

7. We recommend a Catchment Ecosystem Research Initiative (CERI), consisting of a

‘ multiscale programme of catchment ecosystem Research covering the life,
physicochemical and socioeconomic environmental sciences, plus a full suite of
Development initiatives. CERI should embody the partnership between the science and
user communities referred to in (1), above.
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10.

11.

12.

The scientific features of CERI should be:

i) it should centre around a single, major river (one from the Wye, Severn and
Trent), for intensive study at a range of spatiotemporal scales, including the
whole catchment.

ii) an additional sample of comparative catchments (drawn from the two remaining
from the list above plus the Exe, Thames, Tweed and Yorkshire Ouse or others)
should be chosen for less intensive study. The purpose of the comparative
catchments is to provide the greatest feasible degree of replication and to
increase the overall range of conditions represented in the programme.

iii)  a three pronged approach of data collection, field experiments and modelling
should be adopted.

iv) the overall scientific theme of CERI should be “Scale and Linkage in the
Catchment Hierarchy'. The programme should be broken down into modules
organised under four science sub-themes:

Disturbance, resilience and resistance
Physical heterogeneity and patchiness
Budgets and transport

Evaluation and valuation

CERI should form a NERC Thematic Programme, supported by them to a minimum
of £9.5 million over five years. There should be complementary support from ESRC
(depending on the socioeconomic element) and matching funds from the user
community (principally the Environment Agency) in cash and kind. Private sector
companies, including the Water Undertakers plcs, should also be approached for
support.

The next step should be a phase of detailed project planning (to include both Research
and Development elements) under the guidance of a new Project Planning Group. It
is crucial that this group should properly represent the expertise of the socioeconomics
community, as well as that in the other disciplines concerned with catchment ecosystem
science and management. The user community must be represented, to include a senior
business manager who can assess, plan and cost the provision of facilities in kind (such
as existing buildings and sites).

The lead in planning the Research programme should be taken by one or more senior
scientists who have a clear vision of the conception of CERI and its objectives. This
task should be completed on a contracted or seconded basis.

Project Planning should cover the following issues:

i) finally select the core and comparative catchments

ii) identify potential sites for a research base, experimental facilities, etc

iii)  plan the science programme and costings in further detail (including specifying
core elements and special topics, identifying possible contractors, €tc)

iv) specify user outputs and targets, including measures to ensure their timely
production and uptake

v) . recommend on Development aspects including new training initiatives and a
training centre for both practitioners and academics.
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13  This present report (Catchment Ecosystem Research and Development - Scoping Study)
and its recommendations should be disseminated as widely as possible, including:

1) the water industry, conservation agencies and Government Departments

ii) the science community in the broadest sense, and especially including those
consulted initially and/or who attended the earlier project workshop in Cardiff
in 1994.

The authors of this report should also be encouraged to publish its main conclusions in
the scientific literature.

14.  Project Planning should include the identification of any potential partner projects in
the EU and elsewhere, taking advantage of any scientific benefits and funding
opportunities arising from collaboration.

15.  The whole of CERI (including new Research and Development) should be aimed at
enabling Integrated Ecosystem Management to be applied to catchments, as specified
by Technology Foresight (Agriculture, Natural Resources and Environment Panel).
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APPENDIX A - PROPOSAL FOR A NEW NERC THEMATIC
PROGRAMME (May 1995)

Proforma to be completed and attached to programme description
(Please read Guidance Notes before completing this)

The programme description should fully cover the science of the proposed programme, as set
out in the guidance notes. This proforma addresses other specific issues, such as exploitability.
The information will be used by NERC to help assess the proposal and to prioritise it within
NERC's overall research portfolio.

1. Title of Programme

Catchment Ecosystem Research Initiative (CERI)

2. Fit to Environmental Issues
Demonstrate how the proposal relates to one or more of the six NERC Environmental Issues:

This programme relates to all six environmental issues though the fit is principally with issues 1-4. The overall objective is
to develop the science and technology required for the sustainable management of freshwater resources, the most obvious being
the water itself and fisheries of economic importance (Issue 1). The relationship between habitat structure and biodiversity
(Issue 2) is a specific theme within the programme, as is the understanding of the sensitivity/resilience of aquatic ecosystems
to disturbances such as pollution (Issue 4). The catchment-based nature of the programme will involve issues relating to waste
management and land restoration (Issue 3) and environmental risks/hazards (Issue 5) (including economic risks) will be studied
within the theme of evaluation and valuation of aquatic ecosystems. Although not specifically addressed in this programme,
Issue 6 (global change) has marked parallels with the philosophy of the work in that both include prediction on a range of
temporal and spatial scales.

3. Exploitability
3.1  Describe the nature of the user community:

The ultimate beneficiary of this work will be the general public who have a right to enjoy diverse and healthy aquatic
ecosystems. However, to achieve this will require the involvement of a series of "intermediate users' which includes:

User Interest
NRA (Environment Agency) River and lake management, catchment management plans, fisheries
River Purification Boards in Scotland ‘

HMIP/Waste Regulators Waste disposal, integrated pollution control
Conservation Organisations Wildlife and habitat protection

Government Departments Implementation of current and forthcoming Directives on Waste Water Treatment, Habitats,
Ecological Quality, Biocides, etc.

MAFF Land-use, agricultural run-off, flood defence, migratory fisheries
Agriculture Industry Diffuse pollution from agricultural activity

Private Water Industry Planning investment, water abstraction, effluent discharges
Local Authorities Planning investment, urban run-off
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An important additional “user' is the scientific community which will benefit from significant advances in knowledge and
contribution to ecological theory

3.2 Describe how the proposal is relevant to the needs of the user community

In order to manage aquatic ecosystems on a scientifically-sound, sustainable basis it is important that the key processes
governing the structure and function of the system are understood. Process-based models will be developed in collaboration
with the intermediate users to address specific management issues. The development of the whole programme has involved
input from both the research and user communities, right from its inception. Indeed, an extensive Feasibility Study, which
underpins this proposal, was co-funded by NERC, ESRC and English Nature (on behalf of all three conservation
organisations). The Feasibility Study included a 2-day workshop to which representatives of all the “users' listed in 3.1 were
invited. From this, a series of deliverables was identified in the form of existing management tools which can be enhanced
by additional scientific information and some new predictive models, training packages, new techniques and instrumentation.
Moreover, the recent OST Technology Foresight initiative, which reflects the views of the user community as well as the
scientific community, concluded that extra investment is required for integrated ecosystem management (including aquatic
systems). Similarly, the recent NERC Foresight initiative exercise identified the management of freshwater resources as a

key area for priority resourcing.

3.3 What specific arrangements are envisaged for developing or strengthening interactions with users?

The NRA, which already has made a substantial financial commitment to this programme, will co-fund aspects of the work.
Moreover, advantage will be taken of the existing infrastructure the NRA can offer in the form of trained scientists and field
workers, to implement extensive sampling and field studies. The Conservation Organisations will make available access to
sites and to environmental information. Thus, the whole programme must involve the collaboration of “key' users if it is to
succeed. The training programmes will specifically provide for jointly-developedcourses, and for NRA practitioners to work
with scientific counterpart in delivering training courses and studentships/fellowships. The feasibility/scoping study during
which this proposal was developed had a steering group in which users (NRA, English Nature) were strongly represented.

3.4  What specific exploitation mechanisms or channels are likely to be available?

Funding from the user community will be used to "translate' new scientific understanding into practical tools for environmenta
managers. Such technology transfer could include new, cost-effectiveinstruments, predictive models (including risk assessment
models), and the efficient statistical design of monitoring programmes. The output of the research sub-themes will thus be
directed to specific management initiatives or needs. An important element running throughout the programme is training.
For this reason, the steering group responsible for the developmert of this proposal have specified that the primary study site
must include the availability of training facilities for environmental managers. We also plan joint “ownership' of the research
between the research scientists and professional scientists within the management agencies.

3.5  Describe the potential for the proposal to attract co-funding:

NERC, ESRC, the NRA and English Nature have already committed some funding to the Feasibility Study leading up to this
submission. In addition, the NRA will provide funding for elements of the main programme because it is envisaged that the
results of the work will be directed towards new or improved tools to enable the NRA (or the future Environmental Agency)
to undertake its catchment management in a more sustainable and cost-effective way. The Conservation Organisations are
less likely to be able to provide direct funding (although they will be involved as active collaborators) but ESRC should be
approached with regard to providing support for the work on environmental valuation. This area will provide opportunities
for environmental economists, social scientists and ecologists to work closely together. Support “in kind' - facilities, back-up,
manpower - from the NRA is an important feature of the programme .

4. User Training Needs

4.1  What are the needs of the user community with respect to a supply of suitable, trained
people?

The workshop, which formed part of the lead to this submission, identified the need for training in both the scientific and user
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communities. On the user side, it is essential that the managers of aquatic ecosystems (including underlying activities such
as agricultural practices) are aware of the underlying scientific principles and their relevance to management issues. Indeed,
the “intelligent customer' principle is one which must be developed at all costs. The programme fits well into a recent
*educated client’ survey undertaken within the NRA to identify internal and external staffing needs and the level of skills or
foundation training that these staff need. Equally, it was also recognised that the scientific research community must be fully
aware of key management issues (and some of the legislation that underpins these). This collaborative programme will, of
necessity, involve a much closer interaction between research scientists and managers than has hitherto been seen in previous
community research programmes. However, this will not be at the expense of the more traditional training elements (eg
studentships associated with Special Topics) of NERC thematic programmes.

4.2  How does the proposal address these needs?

The management structure of the programme will include prominent members of the scientific and user community at all
levels. The primary site will include training facilities to enable effective technology transfer (models, techniques,
instrumentation etc) to the user community. The use of studentships and fellowships will ensure a body of trained and
experienced scientists are available for future work in this important area, and the use of project managers from both
communities will encourage the essential two-way flow of information. Some work in this area has already started, outside
the immediate scope of this initiative, with NRA support to NERC scientists to provide highly focussed, training workshops
for appropriate NRA staff. The IFE is currently organising such a training programme for fisheries scientists. The
programme will develop the familiarity of academic staff with management tools. These staff can then be drawn upon to
provide local support to specific management issues arising in catchment management plans, generating a much broader uptake
of scientific knowledge. This national framework of key catchment issues (arising from the catchment management
consultation process) is unique

5. Value for Money and Feasibility

5.1  Describe how the programme will allow the UK to access and benefit from European and/or
international science activities: ‘

This Initiative is directed primarily towards meeting UK needs. However, emphasis will be given throughout the programme
to process-based, generic techniques, these being transferable between catchments. Against this background, all of the
proposers behind this Initiative have strong links with European and international science and will exploit these links to the
benefit of the Initiative. Particularly strong links have been made with European scientists working, for example, on large
restoration programmes on the Danube, Po, Rhine and Elbe and, once the UK scientific community has committed itself to
the Catchment Ecosystem Reseaxch Initiative, additional funding will be sought from EU sources to enable European scientists
to contribute their expertise and experience to the programme. This will only happen if the UK Initiative is supported in the
first case.

5.2 Describe the skills needed to realise the programme objectives and comment on their availability:

The skills and science base is available in the UK but, hitherto, efforts have not been sufficiently coordinated to work on the
required catchment-widescale. This can only occur by establishing a properly-funded, thematic, multidisciplinary programme
at the scale of catchment processes and catchment management. The Cardiff workshop attracted participants from 14 UK
Universities, 5 research organisations (including 2 NERC research Institutes), 5 conservation organisations and NRA scientists
from 6 of its regions and from head office. Moreover, the consultation exercise as part of the feasibility study leading up to
this proposal involved consultation with 177 members of the UK "freshwater" community and 326 overseas contacts. It was
clear from their response that the manpower and skills are available but it has not been practicable for any individual group
to tackle the key questions on a sufficiently large, geographical scale. The training element of this programme will also ensure
that a “core' research capability in this area is maintained for the future.

5.3  Describe the areas of logistical risk to the success of the programme, and the arrangements to
minimise these:

It is a major commitment to focus resources on a primary catchment site and to maintain the collection and collation of

environmental data over a 5 year period. With the expertise of the NRA and NERC Institutes (organisations with the capacity
for long-term monitoring and data handling) as key contributors to this programme, the risks will be minimized, In particular,
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the great advantage of this proposal is that it will build on the NRA's existing logistical infrastructure for catchment
management in much the same way as the aquatic sites did for the Environmental Change Network. It is also perceived to
be a risk that any management “tools' developing from this programme may not be applicable to other sites. This risk is
minimized by the emphasis on understanding the processes involved and translating and/or delivering the results in the form
of generic management tools which are process-based and, therefore, more likely to have general applicability. Additionally,
the use of secondary sites will mitigate against this risk. A further perceived risk could be that the cost of implementing the
best management practice may be prohibitive. In this connection, the focus on environmental risk and economic valuation
of aquatic ecosystems will do much to enable managers to prioritise their actions within a similar framework for management
decisions as already exists. The greatest risk is that, should the programme not receive support, management of aquatic
ecosystems on a catchment basis will not be sustainable.

5.4  Give a summary list of deliverables and timescales to delivery:

Year 1 - Review of scientific basis of existing techniques for catchment management

Year 1 - Identification of preferred delivery form for scientific programme.

Years 1-5 - Acquisition of an extensive (and intensive) catchment data base

Years 2-5 - Contributions to new and improved scientific theory (Reports and publications)

Years 3-5 - Training and technology transfer to user community. This will include end-user funded projects to
improve/develop new management techniques, instrumentation, models, etc.

Years 5-10 - Sustainable and cost-effective management of aquatic ecosystems in the UK
Years 5-15 - Transfer of UK expertise and experience to other countries

Years 5-15 - Training of scientific community

Year 6 - Summary report on overall programme.

6. Basic, Strategic and Applied Research

Give an estimate of the percentage of basic, strategic and applied research to be undertaken within
the programme:

It is difficult to give precise estimates because, although the overall direction of the science is determined by the programme,
some element of flexibility must be retained to encourage the best ideas from the freshwater' community. However, given
the nature of the overall objectives, it is clear that the majority (say 70 %) of the science will be strategic or applied, with a
shift towards the applied end as the programme matures and the new knowledge is translated with management tools. The
strategic element (the principal part overall) will focus on understanding the processes controlling the aquatic ecosystem.

7. Programme Proposer(s)

7.1 Name(s): Professor A.G Hildrew Dr. S.J. Ormerod  Professor A.D. Pickering
7.2  Address(es): School of Biological Sciences PABIO Institute of Freshwater Ecology
Queen Mary & Westfield College University of Wales, The Windermere Laboratory
Mile End Road Cardiff Far Sawrey
LONDON PO Box 915 Ambleside
E1 4NS CARDIFF CF13TL Cumbria LA22 OLP
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7.3 Signature(s):

7.4 Date:
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