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PREFACE

ECN in prospect and in retrospect

Monitoring was an unfashionable word in the 1980s. It was associated
with routine, unscientific observations which contributed little to the
understanding of environmental change. It was not linked to research
designed to determine causal relationships and to predict future
conditions. Whether or not this perception of momnitoring was true, the
position has changed. Recognition of the lack of long-term, rigorous,
comprehensive and quantitative information cn the state of our
environment has come to the fore, precipitated by concerns such as
biodiversity, widespread pollution, and predictions of climate change. The
critical observations of stratospheric ozone and atmospheric carbon
dioxide levels, obtained through the persistence of individual scientists,
have added weight to the arguments for sustained, long-term
observations.

The need for long-term cbservations was a major motivating force behind
the formation of the UK Environmental Change Network (ECN). Another
factor was the recognition that many different organisations, for very
different reasons, have well-established field stations or sites on which
long-term observations and experiments were being made. With
adaptation and co-ordinaticn of the observations to obtain comparability;
co-operation between the organisations could provide a network of
monitoring sites across the UK, sampling most of the main land uses and
climatic regions. Thus, a national network could be established, with
relatively little effort and cost, by building on existing facilities. There was
the added advantage of close association with some of the finest research
experience in the courtry. :

A third factor, which was part of ECN thinking from the start, was the
concept of integrated monitoring. There are many projects which are
concerned with detecting long-term change in particular aspects of the
environment {eq water quality, acid rain, or ozone) or with particular
groups of organismes (eg moths, butterflies, birds, or plants), or with
particular processes (eg crop production or tree health). However, these
represent only parts of the environment and ecosystems. Integrated
monitoring is the measurement of related variables in different biotic and
abiotic compartments and co-ordinated in space and time t¢ provide a
comprehensive picture of the system under study As argued by Munn
(1588), ‘When based on an interconnected picture of the environment and
the biosphere (through the netion of bicgeochemical cycling of trace
substances, for example), the monitoring systern is much more likely to be
responsive to detecting surprises than if it consisted of several
disconnected components (an air monitoring network, a water quality
network, etc)’ Such integrated systems have been operated or planned
for various sites and potential networks {eg Santolucito 1991}, but the only
comprehensive network in which the approach has been put into effect is
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the International Co-operative Programme on [ntegrated Monitoring of Air
Poltution Effects on Ecosystems (IMP), operating within the UN-ECE
Convention on Long-Range Transboundary Air Pollution (UN-ECE 1993)
and focused on forested catchments.

The general principles on which ECN was established were reasonably
easy to define, Putting them intc practice was another matter. However,
the initial concentration on terrestrial sites was successful in getting
agreement between nine UK Government departments and agencies to
support the co-ordinated measurements at their individual sites, and to
contribute the data to a central database funded by the Natural
Environment Research Council. This was a major achievement which has
been followed by expansion, particularly in freshwaters, so thai the total
number of sites is now 49, with 14 collaborating organisations.

The establishment of the network of sites is one step; defining the
variables and methods to cover such a broad range of components and
systems is more difficult. This required considerable effort by the ECN
Technical Working Group, in consultation with many scientists. It would
have been ideal to use past data, combined with scenarios or models, to
predict the response of systems 1o environmental change, and then to
select the variables which would provide most information. Such an
approach was not feasible, given the state of predictive science and the
need to maintain momentum. A degree of pragmatism was required and
the selection of variables was based on expert knowledge and practicality,
but there is a clear logic in the selection of interconnected driving, state
and response variables which will allow testing of relationships. Physical
and chemical variables were much easier to select than were biotic
variables because the options were more limited and the experience
greater (cost became a key criterion). The options for biological
variables or indicators were much greater, especially with the wide variety
of sites and the requirement for comparability and feasibility, a problem
which is faced in other monitoring networks. These problems were
addressed by drawing on the experience of other monitoring
programmes and a breadth of ecological knowledge. The resulting
selection of biotic variables for the terrestrial sites includes a reasonably
balanced combination of animal species which represent functional
groups {herbivores, insectivores, decomposers), as well as wider
taxonomic groups (Lepidoptera, Chiroptera, Aves), and the more obvicus
plant species composition. Atmospheric soil and water chemistry provide
information on biogeochemistry,

The measurements are now in progress, a comprehensive database is
beginning to accumulate, and quality controls are working well. The
database is at the heart of ECN. [i is designed and operated to ensure that
all the data collected across the network are properly validated,
maintained, documented and archived for posterity. But the data are not
merely stored — they are made immediately available for short-term uses
n a variety of areas. The dissemination of data and information through
regearch papers, annual data digests, national state-of-the-environment
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reporis and even direct database access across the Internet are just some
of the ways in which ECN is developing the use of its data.

The publication of the Protocols is a step designed to provide detailed,
citable background for anyone using data from ECN. It also mcreases the
opportunity for wider debate on the technology of integrated monitoring;
it is part of the process of quality assurance, and it may also assist other
networks in their planning.

ECN has come a long way since the germination of ideas began in 1986,
and its formal establishment at the official launch in'1992. Iiis now in the
early stages of succession. What of the future? Some activities which are
likely to develop are: .
= aperiod of stability to allow accurmulation of sufficient data to test the
value of individual variables;
testing of a few other variables (eg biomass, plant chemistry, =oil biota,
decompasition) for possible addition to the suite of obhservations,
although cptions for expansion are limited by support costs;
a small and gradual increase in the number of terrestrial sites to
improve the network’s environmental and land use cover;.
increasing interaction with secteral monitoring projects which can
allow wider geographical assessment of changes in individual
COMpOonents; :
further analysis of past data from individual sites to enhance the time
series, define variability, and explore responses to environmental
variation;
enhancement of the links between the terrestrial and freshwater
components of ECN;
development of a 'rapid response procedure’ to capitalise on the
existence of the network in the event of extreme environmental events;
focusing of results from national research programmes in order to
clarify, and possibly test, the distribution of changes that are likely 1o
occur across the network.,

The individual sites are crucial pieces of the ECN jigsaw. It is the strength
of the site researchers on which the network depends. But it is the network
as a whale which is the instrumment for the detection of change. One of the
most important capacities is exploring the extent to which changes
detected at one site are observed at others: are the changes national,
regional or merely local? It is here that the links with other networks and
research programmes have great potential.

Thus, ECN is cnly part of the system to detect and understand
environmental change and its consequences in the UK. It represents the
intensive, fine-scale level of resolution at which variables are measured
continuously at short time intervals . This identifies a limitation of ECN,
namely the small number and non-random distribution of sites, a feature
which limits the rigorcus extrapolation of results. But ECN does not
function in isolation. It is linked to the various sectoral observing systems
and, in particular, to the naticnal network of the Countryside Survey which
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represents a larger, more extensive, stratified sampling system with
observations made at five to ten year intervals (Barr ef al. 1993). Further,
the Land Cover Map (Fuller, Groom & Jones 1994) provides complete
cover of Great Britain obtained from satellite imagery, with the option of
frequent observation. The combination of these three levels of resolution
provides Britain with a strategic monitoring desigm which is one of the
most complete, and probably unique, in the world, At a time when there
are major efforts by internaticnal organisations to develop systems (o
detect changes over large areas, such as the European Environment
Agency and the Global Terrestrial Observing System (GTOS), the
experience of the UK in establishing ECN and related systems has much
to offer the wider environmental cormmurity.

Finally, it is a pleasure to acknowledge the contribution of so many
mndividuals and organisations to the establishment of ECN in general, and
to the publication of this handbook of Protocols in particular. Especial
thanks go to members of the Technical Working Group (Chairman,
Professor Mike Hornung), the Statistics and Data Handling Working Group
(Chalirman, Professor Richard Cormack), and their successor the
Statistical and Technical Advisory Group, for their persistence in a long
and difficult exercise; to Mike Sykes, the first ECN Co-ordinator, Terry
Parr, his successor, and members of the Central Co-ordination Unit; to the
unsung Site Managers whose testing and experience in implementing the
Protocols has been essential; and to the departments and agencies
without whose visionary commitment ECN wouid not have been possible.

Professor O.W. Heal
Chairman, ECN Steering Committee
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Chapter1 INTRODUCTION

Monitoring global environmental changes

The occurrence of far-reaching changes in the earth’s environment is now
well recogmised by scientists, poliiicians and public, and this recognition
has generated a growing national and international interest in detecting
and menitering environmental changes. At the global scale these
changes are caused by largely man-induced changes in climate,
atmospheric composition and land use (Internaticnal Geosphers—
Biosphere Programme 1992}, factors which also operaie at regional and
national scales where they are often exacerbated, or occasionally
mitigated, by local factors.

Internatlona.l efforts to obtain reliable information on the responses of
natural and managed ecosystems to global environmental changes have
hurgeoned during the last decade and have resulted in the involvement of
several crganisations and their associated actual or planned networks. An
overview of exisiing organizations and networks is provided in Heal,
Menaut and Steffen (1993} and a comprehensive listing is provided by
Fritz (1991).

Environmental monitoring in the United Kingdom

The UX has a long history of environmental menitoring, sampling being
carried out by a multiplicity of cfganisations for a wide variety of
purpeses. The majority of this monitoring is designed to ensure that there
is compliance with pelicies of environmental regulation set out in '
international, naticnal and local agreements. In addition, menitoring
provides information on the effectiveness of policies already being
implemented and may lead to proposals for new or mocdified policies or
actions, especially where early warnings of environmental changes have
heen recognised. Finally menitoring is concerned with the measurement
of background levels and the provision of benchmark data for research
and policy purposes, as well as with reassuring the public. McCormack
(1990) has provided an overview of UK envircnmental monitoring
systems, especially in relation to the concepts, metheds and strategies
used.

Most UK environmental monitoring is de-centralised, the majority of
sampling being carried out by local government, other public sector
bodies including inspectorates, individual factories and at both central
Government and other research laborateries. Most monitoring is also
sectoral, in the sense that particular monitoring systems have been
devised and developed to relate to a particular sector of the environment.
Various central UK Government departments have responsibilities in the
areas of, for example, air quality, water, land, soil, natural resources, flora
and fauna. There is co-ordination of monitoring programmes within
sectors, eq air monitoring networks, and also across sectors where this
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approach is necessary. eg monitoring radicactivity in air, drinking water,
the sea, and in agricultural products.

Non-governmental organisations play an important role in environmental
moritoring; they often optimise the involvement of the large pool of
available amateur expertise and inform the public of envirorumental
changes which are taking place,

There is a growing movement tewards harmonised monitoring which,
whilst it may be carried out by different organisations, produces reliable
data, capable of comparison and integration at both national and
International levels. The national environmental data resource is largely
concentrated in databases and geographical information systems at
designated Environmental Data Centres. Contributions are made from UK
environmental monitoring programmes to international programmes such
as the United Nations Econemic Commission for Europe (UN-ECE)
International Co-operative Programme on Integrated Monitering of Air
Pollution Effects on Ecosystems (IMP), and the United Nations Environment
Programme (UNEF), Global Environmental Monitcring System (CEMS)
and CGlobal Resources Information Database (GRID).

Further co-ordination of environmental monitoring is being achieved by
the use of an area-based appreach, using a system of land classification
developed by the Institute of Terrestrial Ecology. The dlassification, which
allows 1 ki squares in Great Britain to be allocated to 32 land classes,
provides an agreed chjective sampling and stratification framework for
national ecological surveys and monitoring (Bunce ef al. 1996)

The Environmental Change Network (ECN)

The need for a general-purgose network designed for long-term,
integrated environmental monitoring in the UK, especially in relation to
current or future major anthropogenically induced factors, has been
emphasised on numerous occasions and has eventually led to the
formation of ECN (Tinker 1994). As early as 1976 a Natural Environment
Research Council (NCRC) Working Party on Biclogical Surveillance (NERC
1976) had noted the need for detailed surveillance at a limited number of
sites with the objective of observing natural changes on a year-to-year and
long-term basis. [t was suggested that protected areas and sites with
intensive research programmes or where substantial information was
already available should be used for this purpose. Almost a decade later
a House of Lords Select Committee on Science and Technology {1984)
recommended that the effects of agricultural practices should be
menitored by ‘a small and highly selective network of projects . 1o give
early warning of environmental consequences'.

As a consequence of these recommendations and a wide recognition in
the scientific community of the need for a network which would meet the
requirements of environmental change research and monitoring, NERC
undertook, in 1986, to consult UK Government departments and research

6



organisations primarily concerned with agriculture and the environment
to explore the setting up of such a network. A werking group on long-
term reference sites was ‘set up which produced a series of
recommendations for the establishinent of a naticnal network of sites
which would meet the requirements of different interested organisations
(NERC 1986). These recommendations were taken up and put into effect
by a consortium of agencies which agreed to contribute to the operation
of the network, which became the UK Environmental Change Network
(ECN).

The rationale for proposing a network of sites is summarised by Heal
(1991), as follows,

1. Study sites are an essential component of ecological research. To
answer questions on changes in the environment, we need sites
which represent the main environmental, ecological and managernent
variations in the UK. While studies of some individual topics will
require other sites with particular characteristics, a ‘core’ network will
provide oppertunity to use existing information on the related topics.

2. Long-term studies are required to monitor changes external to the
system which take place gradually or at infrecpuent intervals.
Responses to those changes may occur through species or processes
which have a slow turmover time or through a series of linked short-
term events, the results of which are orly apparent in a long-term
study.

3. In addition to delayed and serial responses, it is also necessary to
distinguish between the different factors which cauge, or interact to
cause, change. For these reasons it is important to have sites with
integrated or multi-media monitoring and to carry out both
observational and experimental research.

4. The scientific case for a network of long-term study sites in the UK is
strong. Information on environmental changes and on their
consequences is a serious need in UK Government. By concentrating
on established sites, the cost of creating such a network can be kept to
a minimum.

ECN objectives
The objectives of ECN are as follows.

To obtain uniform and comparable long-term datasets at selected sites
by means of measurement at regular intervals of variables identified
as being of major environmental importance.

To provide for the integration and analysis of these datasets so asto
identify environmenital changes and to improve understanding of the
causes of such changes.



To make these llong-term datasets available as a basis for research and
for the prediction of pessible future changes.

To provide, for research purposes, a range of representative sites
where there is good instrumentation and reliable environmental
informaticn.

ECN design

The ECN aims to monitor changes in selected biota in addition to the
physical and chemical environment. The programme thus falls within the
definition of ‘ecclogical monitoring' (Hinds 1984}. It is not surprising,
therefore, that the design of the ECN has encountered the problems which
the author identifies as needing to be overcome in successful ecological
monitoring designs and which can be summarised as:
* selecting and quantifying specific entities within the continuous spatial
and termporal flux;
specifying appropriate replication standards in a world that is full of
unique places;
expense,

The need for long-term observatons in ecology has been set cut by
Likens (1983) and Strayer et al. (1986) and summarised by Woiwod
(1991), who also discusses the scientific, political and personal problems
associated with long-term experiments and observations. The procblems
of sustaining a long-term programme such as ECN are exacerbated to
some extent by the participation of many organisations, all of which have
different objectives, are publicly funded, and are unable to commit funds
for more than three te five years in advance. Nevertheless, it was believed
that the programme could be sustained if it was not tco ambitious, had a
well-defined concept and organisation, was able to operate successfully
within agreed target budgets, and if the networlk as a whele provided
added value to the individual contributions of sponsoring agencies. The
initial steps to be taken were as follows.

1. Select a series of variables related to climate, pollution and land use,
changes in which would drive the states of a second set of 'response’
variables. Both driving and response variables should be
interpretable, informative, comparable and repeatable between sites
and trnes, and response variables should be sensitive to changes in
the driving variables. Within these constraints they should also, where
possible, be simple and cheap and avoid labour-intensive operations,
The variables should be selected so as to be measurakle at each of a
series of sites which may have a wide range of climatic, topographic,
soil and vegetation (crop) conditions.

2. Establish agreed, strict and clear protocols for the sampling and
recording system to be used for measuring each variable, for
chemical analysis where necessary, and for quality control and
assurance of the data.



3. Establish methods for managing and storing the data.

An informal Workshop was held in-September 1990 at which researchers,
academics and environmental practitioners discussed organisation,
possible sites, and the rationale and technicalities of a range of possible
variables to be included in the programme. Subsequently the ECN
Steering Comumittee set up two Working Groups to develop further the
ideas and views from the Workshop.

A Technical Working Group, comprised of experts in areas of
environmental science relating to the programine and chaired by Prof M
Hormung, refined the list of suggested variables and formalised the
methods of measurement to be used. Variables were selected to meet, as
far as possible, the criteria set out in {1) above and resulted in a set of
‘core measurements' which were to be undertaken at all of the ECN sites,
A second set of variables, 'priority additional measurements', were
considered as being desirable but not essential and thersfore only to be
undertaken if funds allowed. In practice, funds have been, and are likely
to remain insufficient to allow such additional variables to be measured
and these are not discussed further in this account. Where national
sectoral monitoring schemes were already operating, their sampling
design and methods were adopted by ECN. This provided added value
for ECN in that data from its sites could be analysed in a broader regional
and national context, whilst ECN could-provide a comprehensive set of
relevant environmental data for the sectoral networks. Examples of such
sectoral networks are the Butterfly Monitoring Scheme, Rothamsted Insect
Survey, Common Birds Census, Breeding Bird Survey and UK Precipitation
Composition Network.

A Statistics and Data Handling Working Group, comprised of
statisticians and computer scientisis and chaired by Prof R M Cormack,
advised on all matiers relating to the statistical design of the programme,
and in particular on the spatial location of sites and observation points
within sites, the selection of variables and the methods and tempcral
frequency of measurement. The Group also advised on methods for
storing and managing data, methods for analysing new and old data, and
on the resources needed to meet their recommendations. Cormack
(1994) discusses some of the statistical aspects of planmng the network
and the main questions put to the Group, together with the answers given.
Some of the considerations are described below.

For most environmental variables, sampling variaticn is likely to be
much greater than analytical variability, however, the necessary
degree of replication is difficult 1o define because information on
distributional form or variance components of the selected variables is
often unavailable. )

The intensity of destructive sampling in certain areas and the
consequent need to, avoid the possibility of one sample interfering
with another affect the spatial layout of sample points.
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Objectivity in taking a sample may be more fundarnental to the aims of
the programme than the choice between randormn and systematic
samples.

Protocols for data analysis have not been set down but the Group
formulated some general principles.

Analytical procedures to be applied routinely to data as they are
collected should be simple but not make simplistic assumptions; more
detailed parametric methods should be adopted to test specific
hypotheses as they arise.

Cusum charts and graphical procedures of exploratory data analysis
should be widely used.

A modelling paradigm should not be embraced too early: data
dredging by technicques such as multiple regression should not be
used without comprehensive cross-validation, and time-series
modelling should be carried out only after the formulation of specific
hypotheses.

Space/time analyses may be informative as records accurmulate but
assumptions of spatial stationarity may need careful study.

Reciprocal feedback between the two Working Groups was an important
part of the development process.

Development of the network

Although ECN was conceived of as a programme covering a wide range of
natural, semi-natural and managed ecosystems, the need for early
implementation of the programme led to the adoption of a step-by-step
approach to network establishment. [t was decided that attention would
first be focused on setting up a network of terrestrial sites, to be followed
as soon as possible by a paraliel and linked network of freshwater sites, to
include rivers and lakes. Each contributing agency agreed to provide one
or more sites and the resources 1o carry out an agreed suite of ECN
measurements, or to provide equivalent resources to support the general
operation of the network. A list of current contributors is provided in Table
1, which includes agencies responsible for both the terrestrial and
freshwater sites, though information on the latter is not provided in this
publication but will appear in a later volume.

Site selection

A preliminary list of 140 possible sites was compiled, based on their
being currently or recently active research sites which could provide
historic data on some aspects of environmental research. The following
criteria were then used to refine the list and to select a series of 24 target
sites which, it was believed, could constitute a terrestrial network for the
United Kingdom:
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Table 1. Supporting agencies and sites in ECN

Agency Sites/support Site type
Biotechnology & Biological «North Wyke Research Station Lowland grassland
Sciences Research Council *Rothamsted Experimental Station Arable
Countryside Council for Wales -Y Wyddfa/ Snowdon NNR Upland grassland
(jointty with Welsh Office) '
Department of Agriculture + Agricultural Research Instituie,  Lowland grassland
for Northern Ireland Hillsborough
+3 freshwater sites River & lake sites

Department of the Environment «Support for Central
Co-~ordination Unit

+4 freshwater siles River & lake sites
Department of the Environment +2 freshwater sites River sites
for Northern Ireland
English Nature *Site & facilities at Moor House
—Upper Teesdale NNRs
Environment Agency +13 freshwater sites River & lake sites
Forestry Commission «Alice Holt Forest Woodland
Ministry of Defence +Porten Down Chalk grassland
Ministry of Agriculture, «ADAS Drayton Mixed farming
Fisheries & Food +Soil Survey & monitoring
at English & Welsh sites
Natural Environment Research  *ECN Central Co-ordination Unit
Council «Moor House-Upper Teesdale  Upland grassland
NNRs & blanket bog
+*Wytham (site provided by Woodland & arable
Oxford University)
+4 freshwater sites River & lake sites
Scottish Environment +12 freshwater sites River & lake sites
Protection Agency
Scottish Cffice, Agriculture, *CGlensaugh Research Station Upland grassland
Environment & Fisheries Dept  «Sourhope Research Station Upland grassland
Welsh Office (jointly with *Y Wyddfa/ Snowdon NNR Upland grassland

Countryside Council for Wales)

good geographical distribution covering a wide range of
environmental conditions and the principal natural and managed
ecosystems;

- some guarantee of long-term physical and financial security:

- known history of consistent management;
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reliable and accessible recerds of past data, preferably for ten or more
years;

sufficient size and opportunity to allow further experiments and
observations.

The target sites met most of these criteria but it was inevitable that, in a
network for which there was very limited central funding, the second
becarne the primary criterion. Whilst physical security was, for the most
part, assured by the sites being located at or being associated with
existing research stations, assurances of financial security for what was
envisaged as a long-term project with an initial life expectation of at least
30 years were difficult to obtain.

The terrestrial network was thus founded, in January 1992, with eight of
the target sites (Drayton, Glensaugh, Hillsborough, Moor House-Upper
Teesdale, North Wyke, Rothamsted, Sourhope, and Wytham) being
commifted and with the expectation that other sites would join later. By
1998 the network had expanded to a total of 11 sites by the addition of
Alice Halt, Porton Down and Snowdorn/Y Wyddfa. None of the additional
sites was in the original list of target sites but each increased considerably
the gecgraphical distribution and representativeness of the network.

It is mtended that this ‘spine’ of representative sites should be extended in
the future and supplemented by the recruitment of sites which will provide
replication within the major axes of UK environmental variation.

Network sites

Figure 1 shows the lozations of the 11 terrestrial sites as well as the 38 lake
and river sites of the freshwater network which started operating in 1995,
The terrestrial network sites are as follows,

Alice Holt Forest, Surrey, England (Lat 0°30'W; Long 51° 10'N )
Sponsor: Forestry Commission

Alice Holt Forest lies in the Weald, between the North and South Downs in
southern England. The Forest is situated on a very garntly sloping plateau
at an altitude of 110-125 m and has a mean annual rainfall of 768 mm
(1936-94). The solls range from brown soils and podzols to surface-water
and ground-water gleys. The Forest, which has belonged to the Crown
since the time of William [ who was responsible for the creation of the
Royal Forest as a hunting preserve, was subjected to severe felling for
warship building programmes during the 17th and 18th centuries.
Replanting of cak (Quercus robur) took place subsequently and some of
the plantings between 1815 and 1820 still survive. By 1881 it had become
clear that oak on the leached and less fertile soils was not growing
satisfactorily and some of this was cleared and the ground replamed with
conifers. The forested area of 880 ha is mainly of Corsican pine (Pinus
nigra var, maritima) but 140 ha of the oak planted in 1820 remain, and
there are 21 ha of improductive’ forest. Vegetation is diverse, ranging
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Freshwater sites

A River sites B Lake sites

1 Eden (Cumbria) A . Upton Broad
2 Esk B  Hickling Broad
3 Coquet G Wroxham Broad
4 Exe D Windermere
5 Wye E Esthwaite Tamn
6 Lathkill F  Loch Leven

7 Cringle Beck G Scoat Tam

8 Frome H Llyn Llagi

9 Bradgate Brook |  Lochnagar

10 Bure J  Loch Lomond
11 Old Lodge - Cailness
12 Stinchar - Creinch

13 Lower Clyde K  Loch Katrine
14 Alita'Mharcaidh L Loch Davan
15 Spey éFcchabers) M  Loch Kinord
16 Tweed (Galafoot) N  Loch Dee

17 Eden (Fife) O Lough Neagh
18 Cree Lough Eme
19 Faughan

20 Garvary

21 Bush

22 Trout Beck {(Moor House)

© Terrestrial sites

Figure 1. Location of ECN freshwater and terrestrial sites
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from base-rich communities of the ash (Fraxinus excelsion), field maple
{Acer campesire), dog'’s mercury (Mercurialis perennis) type of woodland,
base-poor communities of oak, bracken (Peridium aquilinum), and
bramble (Rubus fruticosus) on the sand/gravel soils, and cak and birch
{Betula penduia) cn the heathy, acidic soils. These acidic areas are
generally planted with either Scots pine (Pinus sylvesiris) or Corsican pine
and there is often abundant natural regeneration of birch,

The Forestry Commission has had a research establishment at Alice Holt
Lodge, formerly used as a private residence, for almost 50 years, and
climatic data have been recorded at the site since the late 1940s. There is
other monitoring on the site which is particularly relevant to ECN, such as
the Rothamsted light trap which has been used continuously to collect
macro-lepidoptera since May 1968; & more recent long-term project, the
Forest Condition Survey, began in 1984 and the Forest is now a European
Unicn site for monitoring the effects of atmospheric pollution on trees. A
variety of other experimental work in Alice Holt Forest has been carried
out on forest insects, pathogens, silviculture, mensuration and ecology.
There is an active current research programme undertaken by the Forest
Authority’s Research Division from Alice Holt Lodge, which includes
research on forest soils, hydrology, atmospheric deposition, insect
eceology and conservation, pest management, management of habitats
and landscapes, including deer, squirrels, bats, raptors, seed testing,
nursery techniques, pathology, yield and carbon storage modelling. The
site also has permanent sample plots, an arboretum, registerad seed
orchards, and clone banks, and a farm woodland demonstration plot.

Drayton, Warwickshire, England (Lat 1°45'W; Long 52¢ 12'N)
Sponsor: Ministry of Agriculture, Fisheries and Food

Situated 5 kan west of Stratford-upeon-Avon in the English Midlands,
Drayton is part of a Research Centre, one of a network of five such Centres
operated by the Agricultural Development and Advisory Service, a
central UK Government agency which provides consultancy and advice
services to the land-based industries in England and Wales. The farm at
Drayton occupies 180 ha and is underlain by Lower Lias rocks comprising
calcareous clays inter-bedded with thin, brashy, fossilifercus limestone.
The depth of the overlying clay drift varies from a few centimetres to more
than ! m. The soils are very heavy, with clay contents of 50-75%. They
have poor natural drainage, are extremely difficult to work and compaction
and smearing can cceur easlly if they are cultivated when wet; however,
they weather readily, are generally alkaline and have a high potash level,
though available soil phosphate tends to be low. The altitude of the farm i
40-80 m, with gentle gradients falling towards the south and east. The
climate is typical of the central lowlands of England — fzirly dry, with coid
winters and warm surmrmers. Average rainfall (1941-93) is 620 mm.
February (39 mum) is the driest month and August (68 mm) is wettest.
Average minimum air temperature in January-March is <2°C whilst
average maximurn temperature in the period June-September is

>19°C.
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Drayton is representative of the mixed farming systems used on the
Midland clays. The landscape comprises a patchwork of grass and arable
fields with an average size of only 4.9 ha, enclosed by hedgerows which
are dominated by hawthorn (Crataegus monogyna) and which have a total
length of 17 km on the farm. There are few mature trees, parily due to the
effects of Dutch elm disease, and no areas of established woodland.
Watercourses include two small permanent streams, drainage ditches and
two ponds.

The farm has the following cropping regimes:

» intensive, continucus, arable cropping of autumn-sown, combinable
crops based on wheat, with field beans and oilseed rape as break
CIops,
rye-grass leys of four to six years' duration, alternating with two or
three years of arable (wheat) crops;
permanent or long-term rye-grass leys.

In addition, 13 ha of formerly arable land are currently occupied by farm
woodland. Livestock on the farm includes-a flock of 300 ewes which are
kept for lamb production, a flock of 140 wethers, and dairy-bred

calves,

Experimental work has been carried out at Drayton since 1940. Recent
research has included studies of various aspects of weed, pest and
disease control on arable crops, including determination of pesticide
efficacy, development of forecasting systerms for pest and disease control,
and comparisons between chemical and cultural control of weeds. Two
long-term studies are measuring the economic, agronomic and
environmental effects of reducing inputs of pesticides and nitrogen
compounds into farming systems. Cther projects aim to quantify the
effects of pesticides on non-target crganisms. Recent developments in
seftting aside formerly arable land have led to monitoring of vegetation
development, pests, diseases and soil nitrogen during rotational and non-
rotational set-aside regimes and to the evaluation of farm woodland
establishment and management technicques. Livestock research includes
forage production and evaluation and animal health studies, whilst a
related study is examining potential pollutants in runoff from animal wastes
applied to grassland.

Glensaugh, Grampian Region, Scotland (Lat 2°30'W; Long 56°51°'N)
Sponsor: Scottish Office, Agriculture, Environment & Fisheries Department

The Macaulay Land Use Research Institute's Glensaugh Research Station is
situated on the south-eastern edge of the Grampian Mountains, 55 ki
south-west of Aberdeen. It extends to 1125 ha, of which $70 ha are semi-
natural vegetation, 150 ha short-term and permanent grassland and 5 ha
deciduous and coniferous woodland. There is alsc a small loch. The land
rises from an altitude of 100450 m. Mean annual rainfall at 195 m is 1040
mm and annual mean daily sunshine hours are 3.83. At higher altitudes
there gan be considerable snow cover for periods in the winter.
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The site is bisecled on its east/west axis by the Highland Boundary
Fault. North of the Fault soils have been developed on drifts derived
from a variety of Upper Dalradian schists, whilst south of the Fault soils
have been developed on till derived from an adrixture of Lower Red
Sandstone sandstcne and Dalradian schists. The whole area has been -
extensively glaciated so that the hill tops are well rounded, and deep
glacial till deposit covers the lower slopes with thinner drift on the
upper slopes on both sides of the Fault. North of the Fault brown forest
solls and podzols are most common on the lower slopes, whilst peaty
podzols cover the higher slopes and there are extensive areas of peat
with an average depth of 2 m on the summit areas. South of the Fault
humus-iron podzols predominate on the lower slopes, changing to
shallower, stony peaty podzcls at higher elevations, A number of
streams drain the small catchments related to the four hills on the site,
running south into the River North Esk, some of them via Loch Saugh.

Dry heather (Calluna vulgaris) moor is extensive on the more freely
drained slopes, the associated species being mainiy blaeberry
(Vaccinium myrtillus) and wavy hair-grass (Deschampsia flexuosa). The
dry heather communities gradually merge into heather/cottongrass
{Eriophorum vaginatum, E. angustifoliuim} blanket bog on the deep peat
of the hill tops north of the Research Station. A reqular burning rotation
of the moor is aimed for, but unsuitable weather aver the last five years
and the proximity of large Iorest plantations to leeward of the prevailing
wind have prevented burning at the desired frequency.

Rye-grass/clover (Lolium perenne/Trifolium spp.) swards are found at
most lower altitudes, half the area being permaneni pasture and the
other half in five-year leys. About half of this grassland is cut for silage
each year. On the lower hill slopes are both species-rich and species-
poor bentfescue (Agrostis/Festuca) communities. Bracken is associated
with these communities, particularly on south-facing slopes and at the
interfaces of bent/fescue and heather communities.

The principal agricultural enterprise is the production of weaned and
finished lambs from a flock of 100 ewes, but in addition there are 80
beef cows and 120 farmed red deer (Cervus elaphus) hinds which, like
the ewes, are grazed on both the sown grassland and semi-natural
vegetation.

Clensaugh has been used as a research facility for over 50 years and in
consequence there is a good record of past resource management, as
well as meteorclogical data over the same period and many data from
long-term experiments and monitoring, some of it relevant to ECN. The
Station provides land resources for a wide range of research including
agroforestry, vegetation dynamics of heather moorland, ruminant
foraging behaviour, biolegy of red deer, acidification of catchments and
the dynamics of nutrients and pellutants in the soil. Much of the
research is collaborative with other research institutes and

universities.
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Hillsborough, Co Down, Northern Ireland (Lat 6° 05'W; Long 54°27'N)
Sponsor: Department of Agriculture for Northern Ireland

The Agricultural Research Institute, Hillsborough, lies 12 miles south-west
of Belfast and was set up in 1927 in Large Park, then part of the
Hillsborough Castle Estate. The Institute controls 200 ha of Large Park and
the land is mostly in grass, interspersed with 200 ha of State Forest.
Hillsborough Lake occupies 15 ha on the inierface between Large Park
and the town of Hillsborough and is surrounded by amenity woodland
which is open to the public. The land rises from an altitude of about 110
m around the town to 170 m at its southern boundary. The underlying rock
is Silurian slate overlain by varying depths of glacial clay till and with
alluvial deposits between the drumilins in the northern part of the: site,
where shallow peats also occur locally. The climate is oceanic, ie mild and
wet, and data for the period 1987-81 show a mean maximum daily
temperature of 12.2°C and a mean minimum daily temperature of 5.9°C.
Total annual precipitation for this period ranged between 737 mm and 973
mim and mean daily hours of sunshine were 3.87. In winter, while
prolonged periods of lying snow are unusual, the site is exposed to cold
winds from the north and west, and summers are alsc often cool and
cloudy, these conditions are typical of the north-west of the British Isles.
Lack of insolation combines with relatively heavy, waterlogged scils to
produce humid, cool, ground conditions which suit relatively cold-
adapted, hygrophilous organisms and there is a yearround problem with
slug populations on horticultural and other crops, as well as considerable
local damage to earthworm populations due to predation by the
introduced New Zealand flatworm {Articposthia triangulata).

The Institute provides rescurces for research, primarily intc beef and
dairy cattle nutrition and the management of grassland, but a wide range
of other, often collaborative, research activities are undertaken tc help
improve the competitive position of the Northern [reland agriculture and
food industries. Scme current research areas are:

« factors affecting carcase composition in beef cattle;

» Dbull beef production on forage diets;

= continental beef production;

» development of near infra-red reflectance spectroscopy for the
prediction of forage metabolisable energy content and the intake of
forages by dairy and beef cattle;
effects of silage fermentation type and the nature of concentrates fed
on milk production in dairy cattle;
sheep production from grass and sheep response to silage/
concentrate feeding;

* quantitative studies of the nitrogen cycle in grazed grassland;

« reduced input systems for winter barley, oilseed rape and potato
CIops;

+ flax preservation and retting;

+ the fertilizer value of sewage sludge;

+ investigation of methods 1o improve the resistance of concrete to attack
by silage effluent.

17



Conditions are good for grass growth; perennial rye-grass or mixed rye-
grass/clover swards in Northern Ireland produce in excess of 30 tha! yr!
of silage, All but a few heclares of the site are sown with perennial rye-
grass and re-seeded on a seven-year cycle. The bulk of this is harvested
in a three-cut silage system or grazed by sheep or dairy cattle. Within
this regime are small areas of permanent pasture, including the ECN
Target Sampling Site (TSS). The TSS is managed on a two-cut silage
system with the sward grazed early and late in the season by sheep. This
is regarded as more typical of best local practice in the north Co Down
area than the more intensive management adopted elsewhere on the farm.

The State Forest in Large Park is mostly coniferous plantations, with
Norway spruce (Picea abies) and hybrid larch (Larix x eurolepis) as the
main species. There is a sizeable area of mixed amenity woedland around
Hillsborough Lake but elsewhere only scattered blocks of pure
broadleaved trees with beech (Fagus sylvatica), sycamore (Acer
pseudoplatanus) and oak predominating.

There is a long history of research at the site which has had a manual
meteorological station for over 40 years and, more recently, automatic
stations at some of the experimental sites. There are also precipitation
collectors at several locations.

Moor House-Upper Teesdale, Cumbria and Durham, England (Lat 2° 20°'W;
Long 54°40°N)
Sponsors: Natural Environment Research Council and English Nature

This site, which is also a UNESCQ Biosphere Reserve, comprises two
National Nature Reserves (NNRs), is situated in the northern Permines,
and is the largest and highest site presently in the network.

Moor House was designated as the first English NNR in 1952, and was
intended both to protect rare or endangered comnmunities of animals or
plants and as a good example of an upland ecosystem to be used as an
‘open-air’ laboratory. The Reserve covers approximately 3500 ha and its
altitude ranges from 290 m to 848 m. The geology is Carboniferous and
consists of alternating strata of limestone, sandstone and shale into which
dolerite of the Great Whin Sill has intruded. The eastern side of the
Reserve slopes gently and rocks are commeonly masked in clayey glacial
till, making the drainage poor and resulting in the development of blanket
bog with peat 2-3 m deep. The vegetation here is dominated by
cottongrass and sphagnum moss (Sphagnum spp.), with heather at lower
altitudes but not at higher altitudes. The western side of the Reserve
slopes steeply and rocks are commonly exposed, giving rise to a wider
variety of soils and more diverse vegetation. The climate has been
described as sub-arctic oceanic with rainfall averaging 1800 mm per year
and ground frost being recorded in all months of the year.

Upper Teesdale NNR was established in 1963, and extended in 1969, to
protect its unique arctic/alpine plant communities and other flora and
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fauna. It covers 3000 ha and ranges in altitude frorn 300 m to 780 m. At
the lowest altitudes there are deciduous woodlands and herb-rich
meadows but the majority of the Reserve is used for sheep grazing and
grouse shooting. The geology, soils and vegetation of much of the site are
similar to those of Moor House NNR but an unusual feature is the 'sugar
limestone’ soil, derived from limestone which has been metamorphosed
by the dolerite intrusion — this soil and the damp riverside soils support
many of the rarer plant species.

Meteorological recording began at Moor House in the 1930s and at 560 m
this was by far the highest point in Britain at which records had been
made, excepting Ben Nevis where the station had closed at the turn of the
century. Research began in earnest in 1952 with the opening of the Moor
House Held Station.. Studies on the impact and potential of moorland
management led to the establishment of experimental plots on a variety of
vegetation types to examnine the impact of sheep grazing intensity on
vegetation and soils, Plots were also established where heather burning
for grouse management and tree planting took place. Moorland drainage
ditches were studied on a small catchment basis. Annual variations in
invertebrate populations, accurnulation and erosion of peat, and inter
actions between terrestrial and aquatic ecosystems were also examined.

In the late 1$60s and early 1970s the blanket bog ecosystem at Moor
House was studied intensively as part of the International Biological |
Programme. This work cbtained estimates of primary and secondary
biclogical production and cuantified the main pathways and rates of .
circulation of dry matter and nutrients. A major series of faunal studies,
some of them long-term and carried out principally through the University
of Durham, have contributed significantly to the selection of some
variables to be measured in CCN. At this time intensive work was
undertaken at Upper Teesdale, stemming from concerns over building the
Cow Green Reservoir, particularly its impact on fish populaticns and
terrestrial plant communities. A weather station was set up to determine
whether the presence of the reserveir would have an impact on local
meteorological variables, In the 1980s research emphasis moved to the
deposition of atmospherically transported pollutants, including the effects
of altitude and the role of clouds in deposition.

The site has been a focus in NERC's Terrestrial Initiative in Global
Environmental Research (TIGER). Sampling for the programme has been
distributed across the site and there are three major research locations.
An altitudinal sequence of sites has been established in which global
warming has been simulated by moving soil cores from high to low
altitudes, with some being retained at the higher site to act as controls;
vegetation and nutrient dynamics of the cores are being investigated. Ata
second location small, open-top, plastic greenhouses have been installed
at the interface between bracken and heather to study the impact of
increased temperature on competition between these species. Similar
greenhouses are being used at a third site to study the impact of elevated
temperature on invertebrate populations.

18



A meta-database is available, giving details of past and present research
and an archive of research data and documents is also maintained.

North Wyke, Devon, England (Lat 3° 54'W; Long 50° 46°’N)
Sponsor: Biotechnology & Biological Sciences Research Council

North Wyke Research Station, part of the Institute of Grassland and
Environmental Research (IGER), lies In undulating countryside to the
north of the Dartmeor National Park boundary, 6 km north-east of
Okehampton. The River Taw flows northwards through the site. Altitude
ranges from 120 m 10180 m. Annual mean rainfall (1961-90) is 1034 mm,
with a pronounced winter maximum from October to January. The wettest
and driest months are January {129 mm) and July (53 mm) respectively.
February (4.3°C) is the coldest month and July (15.3°C) the warmest. The
annual total of hours of bright sunshing is 1448, with a mean daily range
from 1.6 hours in December and January to 6.4 hours in June,

The site comprises 250 ha, of which 200 ha are lowland grassland typical
of conditions in wetter, western Britain and 50 ha are deciduocus woodland,
mainly oak, ash and birch. The soils are predominantly impermeable
clays and silty clays of the Hallsworth, Halstow and Denbigh/Cherubeer
soll series, collectively known as the Culm Measures, and typically
support permanent grass and dairying. The only well-drained soils on the
Station comprise a narrow band of the Teign soll series alongside the
River Taw.

IGER has a bread-based interest in climatic change with expertise
spanning molecular biology, acclimatory physiology, environmental
impact, and grassland agronomy and ecclogy. Specific topics include
plant responses to drought, temperature extremes and elevated CO,
levels. At North Wyke, which has new laboratory and extensive field-
based facilities, there are research programmes cn low-input grassland
farming and relationships between grassland and the environment.
Studies of nutrient cycling, especially of nitrogen but also of phosphoerus,
through the soil/plant/animal/farm wastes chain and effects on
envircnmental quality, constitute major research programmes. There is
particular emphasis on understanding the fluxes of nitrogen to waters as
nitrate, and to the atmosphere as ammonia, nitrous oxide and nitrogen
gas. Other research seeks to quantify and understand the emission of
important greenhouse gases such as methane and nitrous oxide from
grassland; pests and diseases, vegetation management to encourage
species diversity, plant/animal interacticns and the functioning of managed
and natural grassland, and agroforestry are other research topics. About
one-third of the managed land area at the site is sown to grass/clover
swards reflecting the interest in lowerinput managed grasslands.

North Wyke has records of temperature, rainfall and sunshine for the 30-

year standard period 1961-90 with open-pan evaporation measurements
available since 1983.
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The TSS is a 0.66 ha paddock of old, biodiverse permanent grassland,
comprised mostly of rough meadow-grass (Poa trivialis), perennial rye-
grass, Yorkshire fog (Holcus lanafus) and creeping bent (Agrostis
stolonifera) with a considerable ingress of rush (Juncus) species in one
area, which-receives no nitrogen fertilizer inputs. There has been no
history of N fertilizers being applied to the TSS for many years, possibly
gince the 1940s. Controlled cattle grazing, with zero N input, is by beef
cattle from April to October, their numbers being varied to maintain a
compressed sward height of 5-6 cm. Sward productivity is measured
under exclusion cages four times each year and liveweight gain of the
grazing cattle is monitored annually.

Porton Down, Wiltshire, England (Lat 1°43'W; Long 51°07'N)
Sponsor: Ministry of Defence

Porton Down lies to the north-east of Salisbury, on the southern edge of
Salisbury Plain and has been part of a Government establishment since
the First World War when chemical weapcns were first used on the
baitlefield. The requirement for a testing and experimental ground
resulted in the setting up of the first restricted area at Porton. By 1918 the
‘Range’ had been acquired, encompassing approxintately the same area
now owned by the Chermnical and Biological Defence Establishment
(CBDE).

The continual use of the site for experimental purpeses has effectively
excluded the modern agricultural development seen over the vast
majority of southern England. This has resulted in the core of the area
remaining as a unique snapshot of Wessex downland as it might have*
been centuries ago.

The ECN site, set up in 1994, has been a Site of Special Scientific Interest
(SSSI) since1977. The SSSI covers 1227.4 ha, of which approximately 190
ha are beech and conifer plantation, 30 ha mixed broadleaved woodland,
and the remainder semi-natural chalk grassland with successional scrub.
Apart from Salisbury Flain, which lies only a few kilometres away, this is
the largest remaining tract of chalk grassland in the British Isles. Typically,
hoth of these military areas are surrounded by intensive, largely arable,
agriculture.

Porton Down is underlain by Upper (Cretaceous) Chalk with a few small
patches of clay-with-flints on the high ground mainly to the west. The sols
are generally referable to the Icknield series which comprises shallow,
mestly humose, well-drained calcareous soils. Deeper flinty calcareous
silts can be found in small coombes and valleys. The only acid soils are
the caps on high ground and a few small areas on valley-sides. These
soils are almost all free-draining.

The climate lies between the strong maritime influence of the Atlantic and
the 'continental’ influence of south-east England (the sub-Atlantic). The
site is within the region which experiences the highest maximum
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temperatures in the UK, but also some of the lowest minima. The coldest
months are January and February (February mean temperature 3.2°C),
and the hottest months are July and August (July mean temperature
18.7°C). The number of days with frost averages 109 whilst mean daily
sunshine averages 1.7 hours in December and 7.0 hours in June. Rainfall
is highest in autumn and winter due to the maritime influence. Mean
rainfall is 750 mm (800-850 mm cn the highest parts of the S3SI). Much
of the: site lies around the 125 m contour line although the highest points
areat 170 m.

The vegetation has only relatively recently been well documented, with
systematic surveys in the early 1970s and in 1991. The greatest interest
lies in the tracts of high-quality semi-natural chalk grassland together
with large populations of localised plants and exceptional lichen
communities. The rarest forms are those of sheep's fescue/mouse-ear
hawkweed/thyme (Festuca ovina/Hieracium pilosella/Thymus spp.), which
have superb communities of terricolous lichens and abundant
bryophytes. This grassiand type is known only from Porton Down and
from the Breckland of East Anglia. The main reason for the uniqueness of
the downland vegetation is the continued existence of high populations of
rabbits (Oryctolagus cunicuius). Rabbits appear to have made a
sustained recovery from myxomatosis at Porton Down and essentially
‘drive’ the dynamics of the grassland communities.

Apart from the woodland which is mostly recent and therefore largely
lacking in botanical interest, the other feature of great importance is the
juniper (funiperus communisy scrub. The population of junipers, many of
which are very old, is considered to be the finest in lowland Britain.

The animal populations are diverse and unique and reflect the rarity of
the habitat Of the higher veriebrates, the stone curlew (Burhinus
cecdinemus) population is of national importance (about 10% of the UK
total). Among the invertebrates, the butterfly populations are of immense
national importance and include such rarities as the silver-spotied
skipper (Hesperia comma). There are very large numbers of other
species, particularly dark-green fritillary (Mescacidalia aglaja) and
marbkled white (Melanargia galathea). Other important invertebrate
communities include those associated with juniper, as well as spiders
and moths.

Rothamsted, Hertfordshire, England (Lat 0° 22'W; Long 51°49°N)
Sponsor: Biotechnology & Biological Sciences Research Council

Rothamsted was founded in 1843 and is the oldest continuously
functioning agricultural research station in the world. The estate lies to
the west of Harpenden, 40 kmn NNW of London, on a gently undulating
plateau 95-134 m in altitude. The soils are well-drained 10 moderately
well-drained flinty silty loams over clay-with-flints and/or chalk.
Rothamsted farm and most of the surrounding area have been taken up
with arable agriculture for 2000 years.
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A number of long-term experiments, the 'Classical Experiments’, were
established at Rothamsted in the second half of the 19th century. These
cover cereal growth, grassland management and woodland regeneration,
and are a unique record of environmental change; they are backed up by
long runs of meteorclogical, soil chemical and biological, and plant
composition data.

Broadbalk, the most famous of the Classical Experiments, was first sown to
winter wheat in 1843 and harvested in 1844. Wheat has been grown on all
or part of the field every year since then to compare different organic
manures with inorganic fertilizers. The treatments were varied in the first
few years but since 1852 a more permanent scheme has been
established. Scme changes have since been made to ensure that the
experiment remains relevant to modern agricultural and environmental
problems, including the use of modern varieties of wheat. Yields of grain
and straw have been recorded yearly and samples taken for chemical
analysis. These samples, together with those from the other Classical
Experiments, are archived and are still available for analysis.

The Broadbalk soil, which is a heavy clay loam overlaying chalk
{Batcombe series), has been sampled and archived irregularly since the
start of the experiment, but in recent years a scheme to sample and store
it on a five-year cycle has begun. The samples have been used to lcok at
changes in soil organic matter pre- and post-atomic levels of
radionuclides, the build-up of various heavy metals and increases in
organic compounds such as dicxins and PCBs.

The Park Grass Classical Experiment was started in 1856, but it is thought
that the field had previously been in pasture for up to 200 years. It was
established to examine the effect of different fertilizers on the production
of hay but soon developed into an experiment that shows the effect of
different types and amounts of fertilizer and lime on botanical populations.
The plots are cut for hay in June and again in October for silage.

Small amounts of lime were applied to Park Grass twice in the 1870s and
1890s; a reqular liming scheme was introduced in 1903, with lime added
to half of most plots every four years. This continued to 1964 when the
plots were fiurther divided into four subplots of which three are now limed
to a pH of approximately 7, 6 and 3 respectively; the fourth is left unlimed.
The overall pH of the experiment was 5.7-5.8 in 1856. Where fertilizer is
added as ammonium sulghate the plots have become very acid, with the
pH of the surface soil on some plots being as low as 3.9 (in water) where
lime has not been added. The steady acidification has resulted in
aluminiurn, suddenly released from the soil when the pH reaches a critical
value of about 4.2, being taken up in large amounts by the hay. The
fertilizer and lime ireatments have also affected the species composition of
the plots. The most acidic plots are dominated by one or two species, eg
Yorkshire-fog and sweet vernal-grass {Anthoxanthum odoratum), and are
similar to an upland grassland. The unfertilized plots are still the most
diverse and similar to a lowland pasture, containing 40-60 species.
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A small part of the west end of the Broadbalk Experiment (0.2 ha) was
fenced off in 1882, and a larger area of a bean field (1.3 ha) called
Geescroft was fenced off in 1886. Both areas have been lefi untended and
on both a mixed deciduous woodland has developed. These wilderness
sites provide a resource for studying the long-term effects of acid rain on
soil acidification, weathering and the mobilisation of toxic metals.

Aerial insect populations of moths and aphids have been monitored daily
throughout Great Britain for the last 25 years by the Rothamsted Insect
Survey. This has used a network of light and suction traps and has
produced a unique database on invertebrate populations covering over
1000 species. These data have been used for a wide range of purposes,
from applied pest forecasting and fundamental population dynamics to
studies on the effects of climatic and environmental change on insect
populations. Three light traps have been run continuously on the
Rothamsted estate for over 25 years, and for one data go back almost 60
years. Results clearly show that large changes in insect populations have
occurred as a result of intensification in agriculture, some of the largest
changes in diversity and population size taking place during the 1950s.

Sourhope, Borders Region, Scotland (Lat 2° 15*W,; Long 55°30'N)
Sponsor: Scottish Office, Agricuiture, Environment & Fisheries Department

The Sourhope Research Station of the Macaulay Land Use Research
Institute is situated 24 kam south of Kelso, on the western slopes of Cheviot
close to the Scotland/England border. The Station covers 1119 ha and the
range in altitude is 200-600 m. Of the land resources, 989 ha are rough
grazing, 105 ha permanent pasture and 23 ha woodland. The long-term
mean rainfall at 210 m is 1055 mm and the mean daily number of sunshine
hours is approximately 3.8. There ¢an be considerable snow cover in the
winter.

The soils are developed on locally derived drift from andesitic lavas of Old
Red Sandstone. Brown forest soils of the Sourhope series characterise the
lower slopes whilst more acid peaty podzols (Cowie series) and peaty
gleys (Edgerston series) occur at higher elevations, with small areas of
deep peat on hill summits. Stony skeletal soils are found on steep

slopes.

Approximately 30% of the rough grazings occur on mainly brown forest
soils where bent and fescue specles predorminate, with bracken of varying
density The remaining rough grazings at higher elevations are grass
heaths dominated by mat-grass (Nardus siricta) or purple moor-grass
(Molinia caerulea). The permanent grassland has been derived mainly
from reseeding with perennial rye-grass/white clover (Trifolium repens) of
formerly bentffescue areas 10-30 years ago. Approximately 20 ha can be
used for the production of hay or silage. There are small areas of
coniferous woodland, aged 20-40 years, which act in part as shelterbelts,
There are & number of streams draining the six hills on the Station and
these drain small catchments with steep-sided valleys.
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The vegetation resources are grazed by 2200 hill ewes, predominantly of
the Scoftish Blackface and Cheviot breeds, the latter comprising pure-
bred sheep of the North Country and the South Country breeds together
with crosses between the two breeds. There is also a cashmere goat herd
of 450 breeding females and followers and a herd of 50 beef cows. Most
of the ewe flock and cashmere goat herd are wintered outside. The

. permanent pasiures are used in the summer by the most productive
sheep and goats and for the production of silage for feeding the beef
cows in the winter. In the autumn the pastures are grazed by ewes prior
to their mating and are rested from grazing in the winter. The output from
the ewe flocks and the beef cow herd is mainly sold as store lambs and
weaned calves in the auturnmn.

Sourhope Research Station has been used as a research facility for almost
50 years. In consequence thete is a comprehensive record of how the
resources have been managed and a long run of meteorological data for
this period. There have also been long-term sheep systems and soil
fertility experiments which provide extensive information of the resources
over past years. In addition, monitoring of precipitation and stream
chemistry had been initiated prior to the start of the ECN.

Current research focuses on: .

» vegetation change in permanent pastures subjected to low grazing
pressures and no fertilizer inputs;
vegetation change in mat-grass grassland grazed by combinations of
sheep and cattle;

+ cashmere production from goats;

+  semi-fine wool production and breeding for higher reproductive’
petential in sheep;
smaller-scale studies being conducted often in collaboration with
other research institutes and universities.

Wytham, Oxfordshire, England (Lat 1°20'W; Long 51°47'N)
Sponsor: Natural Environment Research Council

Wytham Estate has been owned by the University of Oxford since 1843
and is renowned for the pioneering studies of community and animal
ecology which have been carried out in Wytham Woods. Wytham, like the
Moor House-Upper Teesdale ECN site, is a focus for the NERC TIGER
programme, and major experiments to understand and predict the effects
of climate change on woodland and grassland ecosystems are taking
place at the site. Wytham continues 10 be used by researchers in many
other areas of the environmental and biological sciences, many but by no
means all of whom are based at Oxford University. The ECN site consists
of two main areas: Wytham Woods and the University Farm. The Woods
cover approximately 400 ha and include unmanaged ancient and
secondary woodlands, plantations, and small areas of semi-natural
grassland. The Farm covers approximately 370 ha and produces a variety
of livestock and crops; it is operated commercially but there is provision
for research.
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The whole site is encompassed by a loop of the River Thames, 5 krn north-
west of Oxford; it rises from an altitude of around 60 m on the river
floodplain to 165 m at the top of Wytham Hill. A change in geology and
soll type parallels the topography. Alluvium beside the Thames overlies
Oxford Clay and away from the river the clay is exposed, with a large area
of deep, heavy soils {eg Denchworth series) which are often waterlogged
in winter. Towards the top of Wytharn Hill is a thin band of sandstone,
(giving rise to sandy Frilford series seil in places) and the summit is
composed of coral rag limestone covered by extremely thin, well-drained
soils (Sherborne or Morton series). A number of sireamns, many of which
dry up in surmrner, rise on the estate and drain into the Thames.

The climate is typical of the Midland region; long-running data from the
Radcliffe Meteorological Station in Oxford, where the first measurements
were made in 1767, show a mean annual rainfall of 640 mm and mean air
temperatures of 3.6°C for January and 16.4°C for July, the coldest and
warmest monihs of the year respectively.

Vegetation on the estate was systematically surveyed in 1993 and 1994,
building on earlier work. The ancient woodland, ie that believed never to
have been cleared, is mostly abandoned coppice or coppice-with-
standards. Hazel (Corylus avellang) and maple (Acer campestre) are the
most common coppice species and oak the most frequent standard. Quite
large areas of the woods are known to have grown up naturally in the last
200 years or so, after the abandonment of wood pasture, pasture, or
cultivation, and the most prominent trees here are ash and sycamore.
Neither the ancient nor the secondary woodland is actively managed and
where possible dead wood is left where it falls. Plantations of various
broadleaved and conifercus species have been established, most of which
are 40-50 years old, though there are also some much clder stands of
beech. The semi-natural grasslands are mainly on the limestone areas and
include areas of both ancient and modern origins; the latter have been the
subject of a number of studies in vegetation succession. The agricultural
land includes improved permanent pasture, grass leys and arable land
used for wheat, barley, oilseed rape and other conventional crops; there
are also hedgerows and some small wetland areas around drainage
systems.

The animal populations include large numbers of fallow (Dama dama) and
muntjac (Muntiacus reevesi} deer which have a major influence on
woodland structure by browsing the shrub layer. Badgers (Meles meles)
are also very commoen and have been studied in great detail; wood mice
(Apodemus sylvaticus) and bank voles {Clethrionomys glareolus) have
been monitored since 1948. As many as 152 bird species have been
recorded on the estate, approximately half of which are regular residents.
In-depth studies on blue tits (Parus caeruleus) and great tits (Parus major)
have atlowed numbers 1o be followed from year io year and have led to an
understanding of some of the mechanisms determining breeding success
in relation to climatic fluctuations. Birds of agricultural land, such as
siarlings (Sturnus vulgaris), have also been the subject of much intensive
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research in recent years. Amongst the invertebrates the site is notable for
the presence of five species of hairstreak butterflies (Strymonidia spp.)
and important research on many other groups has been carried out here,

Y Wyddfa/Snowdon, Gwynedd, Wales (Lat 4°05'W; Long 53° 04'N)
Sponsors: Countryside Council for Wales & Welsh Office

TheY Wyddfa/Snowdon site is situated 19 km south-east of Sangor in north
Wales. The site is located in very rugged terrain and includes the surnrnit
of Y'Wyddfa or Snowdon, the highest mountain in England and Wales. Its
altitudinal range is 298-1085 m and in addition to Y Wyddfa it containg
three other summits over 800 m. Snowdon is a popular destination for
walkers and the visitor pressure, though high, is generally concentrated
along the main footpaths. The site is part of the Y Wyddfa/ Snowdon
National Nature Reserve and is managed by the Countryside Council for
Wales under.agreement with the owner.

The bedrock is a mixture of Ordovician acidic and basic volcanic rocks,
with localised igneous intrusions. Evidence of glaciation is widespread
and there 15 a prominent set of corrie moraines dating from the Loch
Lomond Stadial. There are five lakes within the site, the three largest of
which form a ‘staircase’. The soils are varied and include brown earths,
brown podzolic soils, gley podzals, gleys, stagnohumic gleys, organic peat
soils and humic rankers. There are significant areas of frost-shattered
scree beneath the steeper slopes.

Rainfall data have been collected at the site since the early part of the 20th
century and other metecrological variables have been measured
systemnatically snce the 1960s. Rainfall is high and mean annual range
across the site is generally in the range 3000-4000 mm. The mean annual
number of days with rainfall >1 mm is 200 and, on average, snow lies for
between 16 and 100 days per year, depending on altitude and aspect.
Mean monthly air temperature at the TSS ranges from 2.8°C (February) to
15.3°C (August).

The predominant vegetation is acidic grassland with large areas
dominated by sheep’s fescue and bent in more freely drained areas and
mat-grass where drainage is somewhat impeded. There are localised
areas of calcicolous grassland with wild thyme (Thymus praecox), red
fescue (Festuca rubra) and marsh thistle (Cirsiwm palustris). The largest of
these areas includes the ECN TSS, There are small areas dominated by
heather on steeper ground. Where the cliffs have a base-rich influence,
tall-herb and crevice vegetation has developed; these locations are an
important locus for a number of arctic/alpine species including the
Snowdon lity (Lioydia seroting) which in Britain is restricted to the
mountains of Snowdonia. Scree vegetation occurs beneath the major cliffs,
with frequent parsley fern { Cryplogramma crispa). The site also contains
the largest stand of vegetation dominated by dwarf juniper (Juniperus
communis alpina) south of the Scottish Highlands. Finally, in the lower part
-of the site there are areas of blanket mire with abundant cottongrasses.
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The site is unenclosed and is grazed by Welsh mountain sheep, in
addition to which there is a small herd of feral goats.

Research at the site dates back to the 1950s when work started on the
distribution patterns of sheep grazing on different vegetation types. A
number of small sheép exclosures which were set up in the 1950s remain
on the site and form part of a sequence of such sites extending across
the mountains of north-Wales. -Research into the energy flow and
productivity of calcicolous grassland was undertaken as part of the
International Biological Programme during the 1970s. Research has been
undertaken more recently to assess the effects of different grazing levels
on mvertebrate populations.

Operation of ECN

ECN operates by consensus of ils participating agencies, each of which
is represented on the ECN Steering Committee, the body responsible
for the main policy decisions affecting the network. The Steering
Committee normally meets armually but a subgroup, the ECN Executive
Committee (ECNEX), expedites urgent decisions as well as developing
ideas and recommendations for the Steering Committee. The two
Woerking Groups which were instrumental in developing the technical
and statistical elements of the network have recently been amalgamated
to form a joint Statistics end Technical Advisory Group (STAG) which
reports to the Steering Committee. NERC provides the day-to-day
management of the network by providing and supporting the ECN
Central Co-ordination Unit (CCU) which is responsible for standardising
procedures and for co-ordinating data collection and management. The
CCU has four full-time staff; the ECN Co-ordinator, a statistician, a data
manager and an assistant data manager, 'plus a part-time public relations
officer, all of whom are staff members of the Institute of Terrestrial
Ecology. At each site a sponsoring agency provides a Site Manager
responsible for organising the timely collection and initial processing of
data according to the agreed Protocols, and transmission of the data to
the ECN Data Manager-in ar: agreed format. The current organisation of
ECN is shown in Figure 2.

J-M. Sykes
ECN Co-ordinator 199295

References Bunce, R.G.H., Barr, C.].,, Clarke, R.T., Howard, D.C. & Lane, AM.L.
1996. Land classification for strategic ecological survey. Journal of
Emvironmental Management, 47, 37-60.

Cormack, R.M. 1994, Statistical thoughis on the UK Environmental
Change Network. In;: Statistics in ecology and environmental monitoring,
edited by D]. Fletcher & B.F]. Manly, 159-172: Dunedin, New Zealand:
University of Otago Press.

29



Fritz, [.-8. 1981. A survey of environmental monitoring and information
management programmes of infernational organisations. Munich: UNEP-
HEM.

Heal, O.W. 1891. The role of study sites in long-term ecological research:
a UK experience. In: Long-term ecological research, edited by PG, Risser,
43-44. Chichester: Wiley.

Heal, O.W.,, Menaut, ].C. & Steffen, W1., eds. 1993. Towards a Global
Terrestrial Observing System (GTCS): detecting and monitoring change in
terrestrial ecosystems. (MAB Digest 14 and IGBP Global Change Report
no. 28.) Paris: UNESCO and Stockholm: IGBP

Hinds, W.E. 1984. Towards monitoring of long-term trends in terrestrial
ecosystems. Environmental Conservation, 11, 11-18.

House of Lords Select Committee for Science & Technology. 1984,
Agricultural and environmental research, (4th Report.) London: HMSO.

International Geosphere-Biosphere Programme. 1982, Global change
and lerrestrial ecosystems - the cperational plan. (Report no. 215
Stockholm: IGBP.

likens, G.E. 1983. A priority for ecclogical research, Bulletin of the
Ecological Soctety of America, 84, 234-243.

McCormack, P.8. 1990. Environmental monitoring systems in the Unifed
Kingdom: towards an integrated approach. Internal DOE Working Paper
presented to UNECE Workshop, Geneva.

Natural Environment Research Council. 1976. Biological surveillance.
(NERC Publication Series B, no. 18.) Swindon: NERC.

Natural Environment Research Council. 1986. Report of the Working
Group on Long Term Reference Sites. (Unpublished report.) Swindon:
NERC.

Strayer, D., Glitzenstein, ].S., Jones, C.G., Kolasa, ., Likens, G.E.,
McDonnell, M.]., Parker, G.5. & Pickett, S T.A. 1988. Long-term
ecological studies, New York: Institute of Ecosystem Studlies,

Tinker, PB. 1994, Monitoring environmental change through networks.
In: Long-term experiments in agriculture and ecological sciences, edited by
RA. Leigh & A.E. Johnston, 407-420. Wallingford: CAB International.

Woiwod, LP. 1991, The ecological importance of long-term synoptic
monitoring. In: The ecology of temperate cereal fields, edited by L.G.
Firbank, N.Carter, | F Darbyshire & GR. Potts, 275-304. Oxford: Blackwell
Scientific.

30



Chapter2 ECN CORE MEASUREMENT PROTOCOLS

The Protocols for the ECN core measurements contain detalled
information on the procedures to be followed for sampling, treatment of
samples and data collection. Testing of the practicality and utility of the
procedures has taken place over a three-year period (1993-96), as a
result of which some modifications have been. The methods can therefore
be regarded as tried and tested but there is a continuing programme of
appraisal which will almost inevitably lead to future minor changes.

The arrangement of the Protocols follows a logical crder (see Table 2),
starting with those which relate to initial set-up and information on
contimuing site management; driving variables are followed by state and
response variables; finally there are two Protocols which relate to the
handling and chemical analysis of waters collected during the operation of
several other preceding Protocols.

Almost all the core measurements have been designed to be used at all
ECN's terrestrial sites, but with the following exceptions.

+ The water discharge (WD Protocol) and water quality (WC Protocol)
measurements are undertaken only where the whole catchment area of
a natural, perennial stream lies within the site.

+ The moorland breeding birds (BM Protocol) are recorded only at
upland moorland sites, and at such sites the Protocol [or cormmen
breeding birds (BC) is not followed.

« At sites which are intengively grazed by sheep, the assessment of rabbit
populations {BU Protocol} using dropping counts is impracticable.

+ At sites where there are no ponds or ditches, it will be impossible to
record the phenology of frog spawning (BF Protoccl).

Some parts of a Protocol may be inappropriate to a particular site, as is
the case with the vegetation Protocol (V). Thus, only the VB, VC and VF
Protocols are mandatory at all sites, and, whilst it is likely that the Protocol
dealing with linear features (VH) will also be appropriate at most sites,
those dealing with woodlands (VW), permanent pastures (VF) and cereals
(VA) will be used at fewer sites.

There are apparent inconsistencies between some Protoccols which result
from their having been derived from other, already established methods.
Thus, the random kilometre squares used in the breeding birds Protocol
{BB) and the subjectively selected kilometre squares used in the bat
Protocol (BA) follow existing methods in the sectoral programmes of other
organisations, ECN has standardised where possible on Greenwich Mean
Time (GMT), although some already established methods use British
Summer Time (BST).
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Table 2. Summary of core measurements for ECN terrestrial sites

Measurement Frecuency Protocol  Page
Location & marking of TSS Start of pregramme Liv 33
Land use & site management Asg necessary LU 35
Metecrology 37
Auvtomnatic weather station Hourly averages or totals  MA 38
Standard observations Daily (or weekly by default) MM 45
Atmospheric chemistry: NO, Tubes changed 2-weekly AC 47
Precipitation chemistry: major ions Weekly analysis PC B3
Hydrolegy
Surface water discharge Continuous WD 60
Surface water chemistry & quality: major ions Weekly analysis WC 64
Soils
Survey at 1:10 GGG or 1,25 000 Start of programme SB 66
Core sampling: major elements B-yearly SF 69
Pit sampling: heavy metals & physical properties 20-vearly sC 70
Soil archiving S-yearly SA 73

Scil solution chemistry

Major ions 2-weekly, Oct-May
Vegetation
Baseline survey Start of programme VB 88
Coarse-grain sampling 9-yearly vC S0
Fine-grain sampling J-yearly VF 90
Woodlands 9-yearly VW 91
Hedgerows & linear features 3-yearly VH 23
Permanent pasture 4 x per year VP a3
Cereals Annually VA 94
[nvertebrates
Tipulids April & Sept IT 102
Moths Daily M 104
Butterflies Weeldy, April-Sept B 109
Spittle bugs Annually IS 111
Ground predators 2-weekly, May-Oct IG 118
Vertebrates
Birds
Commen breeding birds 10 x per year, March-June BC 125
Moorland breeding birds 2 x'per year, April-June EM 128
Breeding bird survey 2 x year, Apri-June BB 131
Bats 4 x per year, June-Sept BA 134
Rabhbits & deer 2 X per year,March & Sept  BU 138
Frog spawn Weekly in spring BF 141
Initial water handling WH 148
Analytical guidelines for waters AG 149
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LM Protocol

Aim

Rationale

Method

LOCATING AND MARKING THE SITES

To locate the position of and to mark the Target Sampling Site
(TSS) and the Sampling Site (SS5)

At each ECN site an area of 1 ha, preferably a square 100 m x 100
m, is required for sampling, which for practical reasons cannot be

, more widely dispersed. This is the Target Sampling Site (T55) and

destructive sampling within it should be kept to a minimum. The
TSS is the.central hectare in a square block designated as the
Sampling Site (53). Where space permits, the S should cover 9
ha and have soll, vegetation and management similar to the TSS.
The S5 is used for destructive sampling and for research related to
ECN monitoring. Dispersed monitcring, eg of vegetation, should
include the TSS.

Location

The TSS is intended to be representative of the major or-
predominant vegetation type, soll and management of the ECN
site and it should be subjected to consistent management over the
life of the ECN programmee. It should, where possible, have
uniform soil and vegetation.” The proximity of outside influences
such as high hedgerows, which may affect the uniformity of the
TSS, should be avoided. It is recognised that, at some ECN sites
‘where management is iniensive, there are severe restrictions on
the choice of an area for use as a TSS.

Procedure

It is recommended that the axes of the TSS should be ‘aligned with
the axes of the Ordnance Survey National Grid, and should
preferably correspond with the 100 m grid. In any case the
National Grid references of the TSS corners should be recorded
with the greatest possible precision. Thereafter & local six-figure
numeric co-ordinate system should be used to reference points or
areas within the SS and TSS, using the system shown in Figure 3.
The origin of the local system is in the south-west corner of the S5,
This system allows points or quadrats to be referenced with a
resolution of 1 m; where quadrats are to be referenced, the local
co-ordinates of the south-west corner of the quadrat should be
used and the dimensions of the quadrat stated.

Permanent marking of the SS and TSS is essential and can take
various forms, such as concrete or stone biocks sunk into the
ground and either flush with the ground surface or raised above it.
Subject to avoiding the use of materials likely to affect soil and
vegetation, the material chosen should be that most appropriate to
the particular site. It may be helpful t0 mark permanenily each
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BRuthor

LM Protocol

0,300 300,300

TSS

100,100

0.0 300,0

Figure 3. System for referencing points or areas within the S8

corner of the TSS, and preferably the §5, with the six-figure
reference of the local numeric co-ordinate system.

Within the 55 or TSS it may be convenient to have other markers
arranged in a systematic fashion which help to locate points or
areas at which sampling has occurred. These should be marked
with a plate carrying the local numeric co-ordinates.

Detailed records must be kept of the location of all scientific work

undertaken on the TSS and SS or any form of disturbance, such as
wind damage or erosicn.

M. Sykes



LU Protocol
Rim |

|
Rationale

Method E

LAND USE AND SITE MANAGEMENT

Tb record location, timing and intensity of site management
activities

In long-term monitoring studies, changes in land management can
confound trends in measurements resulting from changes in
extraneous factors such as climate and pollutants. Management
should therefore be consistent from year to year, at least at the ECN
Sampling Site (see LM Protocol). Ideally, management will be
‘typical' of the management of similar ecosystems for the
geographical area in which the ECN site lies. The ECN Site
Manager should make every effort to ensure that the Sampling Site
is managed in a consistent way.

Detailed records of management activities at the ECN site, and

' particularly on the Sampling Site, should be maintained for

incorporation within the ECN database, Where sites already have a
detailed recording system for management, information about the
system should be sent to the ECN Central Co-ordination Unit.

ECN sites have been selected to cover a wide range of ecosystems
and therefore a wide variety of management activities are
practised within them. It is therefore difficult to provide formal
categories appropriate to all sites. However, Site Managers will be
aware of the principal managerment activities occurring at their
particular site. It is essential to record location, timing, intensity
and method of the applied treatment or management. The most
appropriate basic management units, eq fields or compartments,
should be identified and coded on to a baseline map for consistent
recording over the duration of the ECN programme. Records of
management activities should include their map unit code, and the
date or date range to which they relate. The map will form the
basis for handling these management records within the ECN
geographical information systemn (CIS).

Sampling Site

As much detail on management activities as possible should be
recorded for the Sampling Site. Examples are weodland thinning,
spreading fertilizer, mtroducing farm stock, harvesting and heather
burning. When appropriate, the rates of these activities should be
included, eg the dose rate for fertilizer, the basal area of trees
removed, the number of cattle brought in to graze. Traumatic
natural phenomena, eg flooding or woodland wind-throw, should
also be recorded. The extent of a management activity or natural
phenomenon shouid be recorded on a map of the Sampling Site.
To simplify digitising these maps, a standard base map of the
Sampling Site should be used on each recording occasion. This
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Author

LU Protocol

map should be large scale (1:2500 or greater) and should include
the locations of the subplets used for the various ECN
measuremerts.

ECN site

.Some ECN recording, eg of vegetation, takes place over the whole
ECN site. Annual records of land use and summary information
about stocking rates and chernical applications should be
maintained at all ECN sites, but where intensive agriculture is
practised recording should be more frecuent so that the full annual
cycle of land use is recorded. Air photographs should be used as
historic records of land use and also te plot precisely important
features not shown on published maps, eg new field boundaries.
Additional maps should be made to show traumatic natural
phenomena and air photography may also be of helpful. Again, to
simplify digitising these maps, a standard base map of the site
should be used on each recording occasion. On sites smaller than
25 km?, the resolution should be at a scale of 1:10 000 and on sites
greater than this it should be at 1:25 000.

JK Adamson
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Overall aim

Rationale

METEOROLOGY

Unattended and attended recording of meteorological data

Climnate is not constant: records over the last two centuries have
shown that both long-term trends and short-term perturbations in
climate can occur. There is much preseni concern that human
activities may be inadvertently changing the earth's climate
through an enhanced greenhouse effect’, by continuing emissions
of carbon dioxide and other gases which will cause the
temperature of the earth’s surface to increase. The local impact of
these global changes in climate is not yet known. Climatic
conditions, particularly temperature and rainfall, probably provide
the most impertant constraint on ecological processes; a
knowledge of long-term changes in climate therefore provides the
starting poini for any analysis of changes in ecosystemn structure
and dynamics at a site.
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MA Protocol

Aim

Rationale

Method

AUTOMATIC WEATHER STATION

Unattended recording of meteorological data

Several ECN sites are geographically remote and this severely
restricts the possible frequency of meteorological measurements
because these sites cannot be visited consistently at intervals of
less than a week. Meteorological data collected at frequent
intervals over very long periods are needed both for many ECN
purposes and also for environmental research programmes
associated with ECN. During the last 20 years there have been
considerable advances in the technical development of sensors
and daia logging devices for automatically measuring and
recording metecrological data. Equally important has been the
increased reliability of these sensing and logging devices. ECN
automnatic weather stations (AWS) have therefore been configured
1o measure and record a basic set of meteorological variables
which will:
* provide information on temporal changes in these variables,
+ aid in the interpretation of other ECN core measurements,
* provide data to support other environmental research at ECN
sites.

It is strongly recommended that wherever possible duplicate
stations should be installed to measure significant environmental
gradients where these may exist within an ECN site.

Equipment

The need to standardise equipment across the network requires
the installation of an instrument configured to ECN specifications.
The following variables will be recorded at each site at 5-second
intervals and stored as hourly summaries on the hour, with the
accuracy and resclution given below in brackets:

Wind speed (£1%; 0.1 m s7)

Wind direction (£2°; 19)

Wet bulb temperature in non-aspirated screen (20.1°C; 0. 1°C)
Dry bulb temperature in non-aspirated screen (+0.1°C; 0. 1°C)
Kipp solarimeter (+1%; | W m)

Net all wave radiation (£5%; 1| W m%)

Tipping bucket raingauge (unheated), placed on paving slab, in a
ground level pit at exposed upland sites (£5%; 0.5 mm)

Seil temperature, 10 cm under bare soil (+0.1°C; 0.1°C)

Soil temperature, 30 ¢cm under grass (+0.1°C; 0.1°C)
Downward-facing silicon cell, for albedo/snowcover(+5%:1 W m)
Gypsum block, 20 cm under grass, for soil moisture measurement
(£10%; 0.01 bar)
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Figure 4. ECN meteorological enclosure

Surface wetness indicator (indicating the number of minutes per
hour during which the surface is ‘wet’) at ground level (£1 min; 1
min)

An independent copy of the logger programme should be kept on
site. Raingauges placed in pits should be surrounded by an anti-
splash grid.

Location

The AWS is to be sited according to British Meteorological Cffice
site requirements (Meteorological Office 1982), within 500 m of the
TSS and close to the manual meteorological instruments (see
Figure 4). If for operational reasons the AWS has to be sited more
than 500 m from the TSS, this should be agreed in advance by the
ECN Central Co-ordination Unit. The maximum permissible
distance of the AWS from the TSS is 2 km.

Operation

Installation of the AWS should follow the instructions in Appendix I
and Plate 1. Data are to be downloaded to a PC formightly, via a
storage module, and the station checked according to the
procedures provided in Appendix II. The station should be
serviced and the sensors calibrated annually. Further notes on
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maintenance of equipment are also provided in Appendix Il. Data
quality control should be carried eut according to Appendix II1.

Plate I. The automatic:weather station

Time 4 hours/month (field + computer storage)
Buthors TP Burt and R C. Johnson

MA Protocol
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"1 Appendix I. Procedure for installing an
automatic weather station
; (BWS)

Procedure | 1. Dig ahole large enough fo accept the main pote base and
approximately 40 cm deep. A concrete base is not normally
recuiired unless the soil is particularly unconsolidated.

2. Fix the lower half of the main pole on to its base and lower it
into the hole. Keep the pole vertical, using a spirit level, whilst
infilling the hole.

. 3. Lower the.bottom cross-arm on to the lower half of the main
pole.

4. Assemble the solarimeter to the upper half of the main pole
using the captive bolt which is in the solarimeter housing.
Cormect the cable to the golarimeter.

5. Slide the top cross-arm on to the upper half of the main pole
and tighten the U-bolt to hold it in place.

ya

6. Fix the top half of the main pole to the lower half

7. Adjust the height of the top cross-arm to be 2 m above the
ground level and oriented east/west.

8. Fix the guy-wires to the top cross-arm and to stakes in the
‘ ground, then adjust them so that the main pole Is vertical.

{ 9. sldethe lower cross-arm up the main pole to ! m above
ground level and orientated north/south, and tighten the U-bolt
to hold it in place.

10. Fit the wind vane, anermnometer, temperature screen and
sensors, and net radiation sensors to the poles as shown in Plate
1 and connect the cables.

11. Place the raingauge on its cencrete base, level the base, using
the spirit level in the gauge, by adjusting the fest and connect
the cable.

12, Fit.the main loom junction box to the main pole using the
jubilee clips provided.

13. Connect the sensor cables to the junction bex in the correct
order. Tape all cables tightly to the cross-arms and main pole.

MA Pro(gco]
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14.

15.

18.

17.

18.

19.

20.

2l

Fit the wick to the wet bulb sensor and fill the reservoir with
distilled water.

Secure the solar panel to the main pole facing south.

Level all sensors and align the wind direction sensor to face
north.

Install the logger in its housing and connect the main cable to
the logger.

Harmnmer the earth rod into the ground and connect the earth-
braided wire to the earth rod and stud on the logger.

Connect the solar panel cable to the logger.
Connect the storage module to the logger to download.

Close the logger.

Notes

The soill temperature probes should be installed to the west of the
main mast, at least 2 m away from it or as far from it as the cable
supplied will allow.

The albedometer should be mounted 1 m above the ground in a
roughly SSE direction from the main mast, ie as close to south as
possible without interfering with the net radicmeter.

The soil moisture block should be installed to the east of the main
mast,.at least 2 m away from it or as far as the cable supplied will
ailow.

The surface wemess indicator should be installed on a
representative piece of ground to the east of the main mast, at least
2 m away from it or as far as the cable supplied will allow.

The only parts not supplied with the AWS by the manufacturer are
a conerete slab for the raingauge base and a sujtable weatherproof
housing for the logger.
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Eppendix II. Notes on maintenance of AWS

1.

equipment

The grid on the surface wemess indicator should be cleaned
reqularly, preferably on each formightly visit to the AWS, with a
soft cloth and mild household detergent.

The wick on the temperature probe should be checked for
dampness and contamination and be replaced if necessary, 3
12 month intervals are recommended depending on the
environment. Wet bull reservoirs should be topped up
fortnightly with distilled water.

Net radiometer domes should be checked for cleanliness or
damage every six months. The silica gel should be changed if
necessary.

The solar dome should be cleaned formighily and the silica gel
changed if necessary.

Gypsum blocks are destroyed by frost; under most
circumstances likely to be met in ECN they should be
unaffected at a depth of 20 cm, but should be replaced if there
is a likelihood of there having been frost at this depth. They
should in any case be replaced annually in spring.

The logger output should include a daily reading of battery
voltage. Check that the battery voltage is not outside the range
11.5-14 volts. If the voltage falls outside the level
recommended by the manufacturer, the batteries should be
replaced. Batteries should in any case be replaced every two
vears. Note that an external battery must be connected to
preserve the software when replacing the internal battery

Check that the anemeometer and wind vane rotate freely.
Change the anemometer reed switches annually at exposed
sites.

Check that the raingauge funhel and filter are free of debris,
snow and ice. Clear any ice from the tipping buckets (without
making a tip). Check that the base is level using a spirit level
on the base, and adjust the feet if necessary. ’

Check that no cables are perished or damaged by animals and
replace if necessary.

10. Check the effectiveness of the guy wires supporting the mast.

11. Check the security of the earthing cable and rod.
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Appendix III. Procedure for quality control
of AWS data

1. Check that the first and last data points agree with the times of
data removal from the logger.

2. Check that the dry and wet bulb observations from the manual
station agree with logger data, remembering that the logger
gives a mean value for the last complete hour of recording.

3. Check that the rainfall total for the manual station agrees with
amounts recorded by the logger by adding the daily logger
totals to the hourly values for the days on which the logger has
been downloaded.

4. if defective equipment has been noted during a field visit,
identify erronecus data on the logger output and note the date
ranges of errors for the information of the ECN Data Manager.

5. Check the outputi for missing data or unusual sequences of
values, eg a series of constant values may appear when a
variable series is expected. This may denote faulty sensors. If
a sensor has been removed for repair, a missing data value, to
be agreed with the ECN Data Manager, should appear in the
logger output. Note any occasions when freezing may have
affected sensors.

6. Make notes on the results of all checks, and any changes which
are necessary or have been made and ensure that these notes
accornpany the data when they are transmitted to the ECN Data
Manager.
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Rationale

Method |

STANDARD METEOROLOGICAL
OBSERVATIONS

To conduct standard meteorological observations according
to protocols laid down by the British Meteorological Office
(BMO)

In common with a large number of sites in the UK, all ECN sites
have some historic metecrological data, many of which have
been collected to meet the criteria of the Meiecrological
Office. In order 1o preserve the continuity of these historic data
and {0 provide calibration and back-up for the ECN automnatic
weather staticns, each site will have an array of standard
meteorological instruments which will be read at weekly
intervals, except where they constitute an existing
Meteorological Office Climatological Station at which daily
recording is the norm.

Ecuipment
Each meteorological station will have the following items:

Large Stevenson screen with iron stand

Dry and wet bulb thermometers(+0.1°C; 0.1°C)

Maximum and minimum thermometers (+0.1°C; 0.1°C)

Grass minimurn thermometer(+0.1°C; 0.1°C)

Soil thermometers at 30 ¢m and 100 cm (+0.1°C; 0.1°C)
Octapent raingauge, BMO pattern Mk2A

Run-of-wind counter anemometer, to BMO specification (unless
an alternative anemometer is already available in addition to
the AWS).

Where appropriate, certification of thermometers to BSI
standard is provided by the supplier.

Location

The manual station should be sited alongside the AWS if
possible (see Figure 4), though where there is an existing
Meteorological Office Climatological Station it is accepted that
this may not be adjacent to the TSS and its AWS,

Operation

Except where otherwise stated, methods follow the standards
given in the Observers' handbook (Metecrolegical Office 1982)
produced by the BMO. All instrumentation should be to the
BMO standard. For Climatological Stations, BMO personniel
undertake field calibration of insiruments periodically

45



Time'

Supplier

Buthors .

Reference,

MM Protocol

Instruments at stations established for ECN purposes will be read
weekly on Wednesdays at 0900 GMT. Daily (0900 GMT) readings
will continue for existing BMO Climatological Stations and for these
Stations a copy of the monthly data sheet, as submitted to the BMO
(Metform 3208B), will be sent to the ECN Data Manager in addition
to the agreed machine-readable data. Any queries raised
subsequently by the BMO as a result of their quality control
process should be reported to the ECN Data Manager. If sites are
already recording sunshine hours, snow depth and soil
temperatures for non-ECN purposes, these data should also be
sent to the ECN Data Manager.

lh/month for the weekly sites.
Casella London Ltd

Regent House

Wolseley Road

Kempston
Bedford MK42 7JY, UK

TP Burtand R C Johnson

Meteorological Office. 1982, Observers handbook, 4th ed.
London: HMSO.
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Method

ATMOSPHERIC CHEMISTRY

To detect and define changes in periodic mean atmospheric
concentrations of nitrogen dioxide

Natural and man-made sources emit oxides of nitrogen in
approximately equal quantities, but, whilst the former tend to have
equal world-wide distribution and are relatively constant over time,
the latter are concentrated in or around centres of population.
Nitric oxide {NO) and nitrogen dioxide (NO;) are the most
important oxides of nitrogen in urban atmospheres and it is NO,
which has the more significant health and ecosystem effects. Major
sources of NO, in urban areas result from fuel combustion in motor
vehicles, power generation, heating plants and industrial
processes, mostly by oxidation of NO emissions from these
sources. NO; is a respiratory tract irritant, is toxic at high
concentrations, and is involved in the formation of photochemical
smog and acid rain. It can also cause direct damage to crops and
other vegetation, together with SO, and ozone (UNEF/WHO 1894),
High concentrations of NO; can have an indirect effect on
ecosystems by providing an increased nitrogen input and this is
important in the context of systems with a low natural nitrogen
demand. The method selected for measuring nitrogen dicxide
uses passive diffusion tubes; this method is well researched and
reliable, though variation between individual tubes requires that
they are replicated; the method has a low capital cost, requires no
on-site power source and is reasonably inexpensive to operate.

The possibility of extending the ECN measurement programme to
include other pollutant atmospheric gases, particularly ammeonia,
sulphur dioxide and ozone, has been considered and is under
contimiing review. At present, however, there appear to be ne
acceptably reliable passive methods.

Equipment

The construction of the diffusion tubes is shown in Figure 1. Discs
of stainless steel mesh coated with NO; absorbent are secured in
the upper end of the plastic tube. The 1 cm diameter discs of
stainless steel mesh can be purchased ready-cut from the supplier
of tubes and caps. Alternatively, ready-made tubes, which include
prepared discs, may be purchased from the same source.

Where ready-made tubes and disks are not being used, equipment
is prepared as follows. Tubes and caps are placed in a 5% acid
wash overnight and then washed in Decon 90 for one hour and
rinsed with distifled water. Stainless steel mesh disks should not
be placed in acid but are stored overnight in Decon 90 and placed
in an ultrasonic bath for 20 minutes; the disks are then rinsed
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Figure 5. Diffusion tube used for long-term monitoring of nitrogen dioxide,
and its position in the field

thoroughly with distilled water and placed on filter paper to dry.
Forceps should be used when handling the disks. Two dry disks
are placed in each cap and 30 pl of a 10% aqueous solution of
triethanolamine is pipetted into each cap. A tube is fited into the
coloured cap and the other end of the tube is then sealed with a
white cap. Samples are stored in a refrigerator until they are
needed. The diluted absorbent should be made up freshly shortly
before use, and clean disks are best stored dry.

Location

Three diffusion tubes are mounted in clips {see Figure 5) which are
either fastened to the pole of the bulk precipitation collector {see
PC Protocal) or to a post at a height of 1.5 m above ground level. If
a meteorological instrument enclosure exists, the post should be
sited within the enclosure.
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Sampling

The white cap is removed from each tube immediately prior to its
deployment and the tubes are placed vertically with their open
ends pointing downwards. The tubes are collecied after two weeks
and the whiie caps are re-fitted to the tubes before their removal
from the post, Three blank tubes are transported to the site but are
not exposed on arrival. They should be returned to the laboratory
the same day, stored in a refrigerator during the two-week
sampling period and analysed with the experimental tubes.

Labelling

Tubes should be labelled as follows:

» the ECN Measurement Code (AC),

« the ECN Site ID Code (eg 04 for Moor House),

- the Location Code (2g C1),

+ the individual tube code (E1, E2, or E3 for exposed tubes; B1,
B2, or B3 for blank tubes),

« the collection date {'Sampling Date") (eg 01-Jan-1996).

This unique reference MUST accompany the analytical results for

transfer to the ECN database.

Authors D. Bojanic, [K. Adamson, A.R Rowland and [ M. Sykes

References  Hargreaves, K.H. 1989. The development and apﬁlication of diffusion tubes
for air poliution measurement. PhD thesis. University of Nottingham.

United Nations Environment Programme/World Health Organization.
1994, GEMSIAIR methodology reviews vol 1: quality assurance in urban air
quality monitoring. Nairobi: UNEP

| ACProtocol _
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AC Protocol

Appendix I. ZAnalytical procedure

The absorbent is analysed to give the total NO, absorption for the
sampling period and this is used to calculate mean NO,
concentration over the same period

The operator must wear gloves to prevent contact with
chemicals or solutions. The diffusion tubes must be rinsed
immediately following analysis to reduce the risk of
contaminating other handlers.

Reagents

Chemicals - AR Grade
Water — deionised or distilled

Sulphanilamide

HARMFUL IF SWALLOWED. AVOID CONTACT WITH SKIN AND
EYES

Dissolve 10 g sulphanilamide in water, add 25 ml concentrated
H3PO;4 and dilute to 500 ml. Store in a refrigerator.

N-1-Naphthylethylene-diamine dihydrochloride (NEDA)
HARMFUL ‘

Dissolve 0.14 g NEDA in water and dilute to 100 mi. Storein a
refrigerator.

ReagentY for samples
Mix 100 ml sulphanilamide, 100 ml water and 10.0 ml NEDA
reagent. Prepare on the day of analysis.

Reagent X for standards
Mix 10.0 ml sulphanilamide with 1.0 ml NEDA reagent. Prepare on
the day of analysis,

Stock standard A (2500 mg I'' NO;)
Dissolve 0.9375 g dried sodium nitrite in water and dilute to 250 ml
in a volurnetric flask.

Stock standard B (25 mg 1! NO,)
Dilute 1.0 ml of stock standard A to 100 ml in a volumetric flask,

Working standards (0.25, 0.75, 1.25 pg ml-! NO,)
Prepare fresh daily. Pipette 1.0, 3.0 and 5.0 ml alicuiots of standard
B to 100 ml in separate volumetric flasks and dilute to volume.

1. Standards: pipette 1.0 ml standard or blank into a tube. Add
1.1 ml reagent X.
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AC Protocol

Samples: remove the white cap from the tube and add 2.1 ml
reagent Y.
Replace caps and shake.

Shake sample/standard after 15 and 30 minutes, and then
record the absorbance at 542 nm against a water blank.

Calculate the weight of nitrite from the calibration curve and
report the results, in pg, to three significant figures.

. Nitrogen dicxide concentration in ppb can be calculated from

the diffusion ube exposure time, tube dimensions and the
amount of nitrite collected (Hargreaves 19889).
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Appendix II Equipment details

Discs (1 cm diameter) of stainless steel mesh (9)
Plastic diffusion tubes (3)

Coloured polythene caps (3)

Clear polythene caps (3)

Gradko Internaticnal Ltd
St Martins House

T1 Wales Street
Winchester

Harmpshire, UK
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Aim
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PRECIPITATION CHEMISTRY

To measure the chemical composition of precipitation and dry
deposition (bulk precipitation} at ECN sites using a continuously
open gauge

Although acid rain and its effects have been of interest for more
than 100 years (Smith 1872), most high-cuality, systematic studies
of acidic deposition have been carried out since the 1970s when
observations of freshwater acidification alerted scientists to the
need for better and more widespread data.

Subsequent research has highlighted the many impacts which the
deposition of atmospherically ransported pollutanis has on
ecosystems (eyg Last & Watling 1991). The extent and significance
of these impacts on physical, chemical and biatic components of
ecosystems are likely to be affected by future changes in emissions
of pollutants, and make the measurement of the deposition of
atmospherically transported material an important activity for ECN.
Deposition from the atmesphere has two components — wet
deposition censisting of rainfall or snowfall, and dry deposition
consisting of gaseous and particulate material. Dry depositicn of
pollutants can he calculated for some components as the difference
between their concentrations in a continuously open collector and
in a collector which is open only during precipitaticn episodes. It
can also be calculated from the concentrations of gaseous and
particulate pollutants and of deposition velocities. The use of a
continuocisly open funnel (bulk collector) results in the collection of
both dry and wet deposition and, although there are advantages 1o
be gained from separating the two sources of input, it was
concluded that only bulk deposition would be measured in ECN on
the grounds of the considerable additional costs attaching to the
separate measurement of the components.

The main source of data on the geographical distribution of
deposition in the UK has been the United Kingdom Precipitation
Composition Network, operated until recently by the Warren
Spring Laboratery on behalf of the Department of the Environment
(Review Group on Acid Rain 1990). The methods used in this
Protocol cenform with those used at Secondary Sites of the UK
Precipitation Composition Monitoring Networks (UKPCMN)
described in Devenish (1986). This allows results from ECN sites to
be linked with the 32 rural UKPCMN sites at which monitoring
started in 1986.

Equipment

The bulk collector is constructed to the design described by Hall
(19886). It consisis of a conical polythene funnel which rests on the
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neck of a polythene collecting hottle. Two furnel sizes are
available, each with a 63° cone; the smaller has a diameter of 115
mm, whilst the larger has a diameter of 152 mm and is likely to be
appropriate at all ECN sites. The upper surface of the collector is
1.75 m above the ground. A removable filter of 1 mm mesh teflon
prevents coarse debris from falling into the collecting bottle which
1s surrounded by a jacket of polished steel, from which it is
separated by a 25 mm gap. The sample is kept dark and cool by
the jacket. The collector has a bird deterrent but this is not always
successful and may need tc be supplemented by setting up
alternative, decoy bird perches some distance from the collector.
Details of the required equipment are provided in Appendix IL.

Location

Local sources of contamination should be avoided, or their effects
minirised, by placing the collector upwind of any such sources.
Proximity to vehicle tracks which may become Qusty in dry
weather, and to animal houses, should be avoided. The collector
should be placed in an open location well away from obstructions
such as buildings and trees, adjacent to the TSS and as near as is
practicable to the soil solution samplers, but it should be borne in
mind that regular visits to the collector are likely to cause trampling
of vegetation and compaction of the soil. An acceptable alternative
location is close to the weather station but each instrument should
not cause an chstruction to the other. The collector must be either
bolted to a concrete base or secured by quy ropes.

Sampling

The procedure 1o be used in collecting samples is described in
Appendix [, and follows closely the procedures adopted by the
Warren Spring Laboratory. Whenever possible the collection botile
should be changed at the same time and on the same day sach
week; the standard which has been adopted for ECN is
Wednesdays at 0900 GMT. The bottle containing the precipitation
1s removed and is replaced by a clean botile fitted with a clean
filter. The funnel is either cleaned with de-icnised or distilled water
and shaken to remove droplets, or is replaced by a funnel which
has been cleaned in the laboratory. A furmel containing ice or
snow at the fime of sample collection must be transferred to the
new bottle without having been cleaned or replaced; the ice and
snow are thus left to melt into the new bottie when weather
conditions permit.

The bottle and its contents are returned to the laboratory, where the
volume of precipitation is determined to the nearest 1 ml. To
determine the volume, the bottle (without cap) and its contents are
weighed and the weight of the dry bottle subtracted to give the
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weight of contents. Conductivity and pH are measured on
unfiltered water according to methods provided in the ECN Initial
Water Handling (WH) Protocol which also sets out procedures for
filiering the sample. After filtering, the water is analysed for
dissolved Na*, K*, Ca®, Mg®, Fe?*, AF*, NH,"-N, CI, NO, -N, 50 % -
S, PO,*-P and alkalinity. In calculating deposition fluxes,
precipitation volume should be taken from the nearby automatic
weather station or standard raingauge because the bulk
precipitaiion collector may give less accurate volune estimates, eg
after snow has fallen.

Labelling

Each water sample is identified uniquely by:

+ the ECN Measurerment Code (PC),

« the ECN Site ID Code (eg 04 for Moor House),

« the Location Code (eg 01), and

+ the collection date (‘Sampling Date") (eg 01-Jan-1996).

This information MUST be marked on the sample bottle, so that it
can be used to identify the sample through its various analytical
stages, and it must accompany the results when transferred to the
ECN database. The recording form for this measurement includes
codes for factors which potentially affect the chemistry of the
sample, such as the presence of insects, dust, or bird droppings in
the funnel or bottle, as well as local disturbances such as fires, dust
sources, efc.

Washing equipment

Laboratory washing of the funnel, filter and bottle should be
carried out with a laboratory cleaning agent, as described for
bettle washing in the ECN Initial Water Handling (WH) Protocol,

Quality assurance

QA procedures will follow those adopted for the Acid Depositicn
Monitoring Network (Heyes, Irwin & Barret: 1985). These mclude
assessment of errors which may be introduced during sampling,
sarmple handling and analysis.

JK. Adamson and J M. Sykes

Devenish, M. 1986, The United Kingdom Precipitation Composition
Monitoring Networks. Stevenage; Warren Spring Laboratory.

Hall, D.J.- 1986. The precipitation collector for use in the Secondary National
Acid Deposition Network. Stevenage: Warren Spring Laboratory.
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Appendix I Routine sample collection

A clean sample bottle with a screw cap attached. The sample
code and the dry weight of the bottle without cap should be
marked on the botile with & water-resistant felt pen

+ Awash bottle containing de-ionised or distilled water (DW)

+ Forceps

*  Two clean funnel filters (in case of one being dropped) in
separate, sealed polythene bags
Two ¢lean funnels (in case of one heing dropped) in separate
sealed polythene bags

+ A clean bottle cap in a sealed polythene bag

+ An empty clean polythene bag large enough te contain the
furnel assemkly during botile changing
Fleld recording form and pencil

1. Note any obwvious signs of bird droppings, dust, smuts, or any
other unusual occurrences or disturbances con the field
recording form using appropriate codes, or text if suitable
codes do not exist.

2. Detach the funnel assembly from the sample bottle. First unclip
the retaining springs, then hold the stem of the funnel and pull it
upwards whilst easing the lower end out of the bottle with the
other hand. Do not put your fingers inside the top of the bird
guard. Be careful not to tip out the funnel insert. Place the
funnel and the filter insert inside the polythene bag whilst you
deal with the sample bottle.

3. Take the clean cap from the polythene bag and screw it very
firmly on to the sample bottle. Be careful to prevent anything
entering the bottle and avoid especially the possibility of
contarnination from your fingers round the neck and rim of the
bottle,

4. Remove the sample bottle. The boettle should be raised far
encugh to allow it to pass sideways between two of the struts
supporting the bird guard rings.

5. Insert the clean sample bottle complete with its screw cap. It
should be inserted sideways between two of the struts holding
the bird guard rings, and then lowered into the inner metal
container. Leave the screw cap in position.

6. Remove the filter insert from the funnel with forceps and leave it
in the polythene bag.

7. Ifthere is no evidence of significant contamination to the funnel
. .{eg bird droppings),-wash the funnel assembly by flushing with
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10.

i1,

DW. Vigerously shake off the excess water and do not use
paper tissues. If there is evidence of significant contamination,
or if the furnel has not been washed in the laboratory for six
weeks, it should be replaced with a clean funnel. A clean filter
insert should be used each week.

The screw cap should now be removed from the new bottle and
placed in a polythene bag for use on the next visit to the
collector.

Insert the funnel vertically through the kird guard and position
the lower end firmly in the bottle. Attach the retaining clips.

Check that the top of the funnel is horizontal.
It is VITAL io check that the cap is screwed down very firmly on

the bottle containing the sample, so that leakage cannot occur
during its transport to the laboratory.
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Appendix II Equipment details

« Complete assembly: aluminium stand, bottle holder, reflector,
finnel retainer assembily, polythene catchment funnel assembly,
filter and catclunent bottle

+ Spares; funnel assembly catchment bottle filter

It is recommended that three funnel assemblies, bottles and filters
should be available for each site.

Funnel size (usually 152 mm and not 115 mm) should be specified,

Just Plastics Ltd Sole supplier (as far as is known)
Cromwell House

Staffa Road

Leyton Tel: 0181 558 5238

London E10 TR UK Fax: 0181 558 36399
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SURFACE WATER DISCHARGE

The continuous recording of stream or river water discharge at
sites where the whole catchment area of a natural, perennial
stream lies within the ECN site

The impact of environmental change is likely to bring about a
response in hydrological conditions at a site. The water balance at
any location is conirolled by climate, vegetation cover and soil
properties. Any change in the external climate or in the internal
structure of the soilvegetation system will be reflected in changes
in site hydrelogy. This may involve changes in evaporation, in soil
moisture levels, and in the amount of runoff from the site. At sites
where snow forms an important component of the precipitation,
climate change may have particularly important effects.
Menitoring of hydrological variables in ECN may therefore provide
a sensitive indicator of envircnmental change,

Eguipment

Recording of river siage, or level, will use a permanently installed
weir or flume whose design will be determined by the conditions
at each site but will accord with BS 3680 (BS1 1965). Data are
recorded by a Campbell Scientific digital CR10 logger and this
should be supplemented where possible by an analogue Ott chart
recorder. A dip-flash device will also be installed to facilitate
manual readings of stage.

Location

The complete installation comprises an approach channel, a
measuring structure, and a downstream channel. The condition of
each of these three components affects the overall accuracy of the
measurements. In selecting the site, particular attentton should be
paid to the following:
+ the adequacy of length of channel of regular cross-section
available;
the regularity of the velocity distribution over the cross-section
of the approach channel;
the avoidance of a steep channel if possible;
*+ the effects of any increased water levels upstream due to the
structure;
the impermeability of the ground into which the structure is 1o
be founded:
the necessity for flood banks to contain the maximurn
discharge 10 the channel;
the stability of the channel downstream of the structure.

Full details are described in BS 3680, Part 4A.
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Operation

The logger records stage at ten-second intervals, which the
internal program averages and stores over five-minute periods.
The logger also ¢alculates an average 15-minute discharge value
by taking the mean of the three stage values which it converts to
discharge using a rating relationship. Fifteen-minute values of
both stage and discharge are stored for quality control of the
data and for possible re-calculation if the rating relationship
changes. A rating curve will be developed for converting stage
to discharge (m®s™).

Calibration, by the development of a rating relationship, will be
carried out using current meters over a full range of flow
conditions and repeated every two years, additionally if the weir
approach conditions change. Each site will produce its own
calibratien protocol. The level of the dip-flash datim will be
checked every two years. Data quality control will be carried out
by site staff after initial training, according to the procedure
detailed in Appendix 1.

Data will be downloaded to a PC at fortnightly intervals, via a
storage module. The procedure for each fortnightly site visit is as
follows.

1. Take dip-flash reading.

2. Note time'and stage on the old and new Oftt chart; remove
the old chart and insert the new chart; wind the clock and set
the pen to the correct time and stage.

3. Remove the data from the Campbell logger using the storage
module.

4, - Plug in the key-pad, reset the stage value if necessary and
check the logger voltage. If the battery voltage'is lew (<11.5
volts). check the solar panel (if installed) and its connections
to the logger, or if necessary change the battery. Do not
remove the old battery without first plugging in a temporary
external battery to preserve the internal software.

5, Check the weir approach and crest for debris, sediment or
ice accumulation and clear if possible without compromising
safety. Check for ice in the stilling well and break up if
present. Check that all cables are able to move freely.

It is recommended that a duplicate copy of the logger program
should be kept at the site.
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Ott charts will be stored for further reference, should this be
necessary.

R.C. Johnson and T.P Burt

British Standards Institution. 1965. B3 3680, Methods of measurement of
liquid flow in open channels. Part 4. Weirs and flumes. 4A. Thin plate weirs
and venturi flumes London: BSI
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AppendixI  Quality control of surface

water discharge data

Check that the first and last data points agree with times of data
removal from logger.

Check marnual (dip-flash) and automatic stage readings at start
and finish,

Compare 12 noon stage values from both sensors on days
when steady flow.

Note any missing data or times when weir could have been
frozen.

Make notes on results of all checks, changes and maintenance
(eg dredging) carried out for inclusicn in the ECN database.
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Aim

Rationale

Method

SURFACE WATER CHEMISTRY AND
QUALITY

Collection of weekly stream/river water samples for analysis of
major cations and anions

The possible causes and consequences of changes in climate, land
use and industrial, urban and agricultural pollution can be
expected 10 be indicated by changes in the physical and chemical
composition of water in rivers and streams. These are determined
by both biogeochemical processes and by changes in terrestrial or
atmospheric inputs. In addition to the major ions (eg Na*, K-, Ca?",
Mg®, CI, 30 * -8, alkalinity) which give a measure of the
fundamental chernical compaosition of the water, other variables
(eg NH,”-N, NO, -N, PO_* -P) are major plant nutrients, whilst vet
others (eg Al,") have chemical states which are pH dependent and
are of particular interest where water bodies are undergoing
acidification. By measuring concentrations of these ions at frequent
and regular intervals, together with water flow, it is possible to
calculate loads and fluxes of ions which may be of interest in
relation to nutrient budgets.

Location

Dip samples of flowing river water should be taken from at least
one representative site above the weir, the location of which should
be recorded and used for sampling on each occasion.

Sampling

Weekly samples will be collected on the same day each week,
preferably on Wednesdays so as to synchronise with other ECN
water collections (see PC and SS Protocois), within one hour of a
time, to be specified for each site, which will depend on site
accessibility. One 250 ml sample of river water will be taken from
flowing water, using the same location on each occasion. The
collecting bottle will be rinsed with river water, shaken vigorously
with the stopper in place, and then the rinse-water will be
discarded. The bottle is filled, leaving no air space, by reaching
upsiream. Stage height will be recorded at the time of sampling to
the nearest 2 mm. Conductivity and pH will be measured on
unfiltered water according 1o methods described in the Initial
Water Handling (WH) Protocol which also describes the fitering
and subsequent treatment of the sample before further analysis.

After filtering, the water is analysed for Na*, K*, Ca®*, Mg?', Fe?",

AP*, NH,*-N, Cl', NO; -N, §C,*-§, PO, * -P, alkalinity and dissclved
organic carbon.
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Washing equipment

Procedures for botile washing are described in the Initial Water
Handling (WH) Protocol.

Labelling

Each water sample is identified uniquely by:

+ the ECN Measurement Code (WC),

+ the ECN Site ID Code (eg 04 for Moor House),

+ the Location Code (eg 01), and

» the collection date ('Sampling Date") {eg C1-Jan-1986).

This information MUST be marked on the sample bottle, so that it
can be used to identify the sample through its various analytical
stages, and it must accompany the results when transferred to the
ECN database. ‘

Continuous monitoring

It is intended that continuous measurements of sream or river
water témperature, conductivity, pH and hirbidity should be
carried out at suitable ECN sites. Insiruments for this purpose are

being tested and an ECN specification will be drawn up when
satisfactory sensors have been identified.

R.C. Johnson and TF Burt
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Aim

Rationale

Method

SOILS

To classify the soils at ECN sites, to characterise and quantify their
physical, chemical and mineralogical properties and to quantify
temporal changes in those properties

Patterns of soil and vegetation are closely interlinked in areas of
natural and semi-natural vegetation, the pattern of vegstation and
the distribution of individual plant species both reflecting and
influencing the complex interaction of the soil's chemical, physical
and biclogical properties. Changes in soil characteristics may
result in changes In vegetation, and vice versa. The link betwsen
soils and surface vegetation patterns is largely broken where land
is under intensive agricultural management but the inherent soil
properties are nevertheless major factors influencing the choice of
crops and the type of land management.

Soils also exert a strong influence on surface water chemistry and
flow regimes, on gas exchange between the atmosphere and the
carth’s surface, and on the fate of deposited pollutants. Changes in
soils take place naturally over time but can also be driven by
alteraticns in pollution climate and land management.

The sail map compiled at the start of the programme and the
associated characterisaticn of the soils comprising the various map
units provide the baseline against which changes over time can be
assessed. A complete characterisation of a soil requires
informaticn on physical, chemical, mineralegical and biological
attributes which change at different rates in response to changes in,
for example, climate, pollution or land use. Thus, soil chemistry
tends to respond more rapidly than do physical characteristics
such as texture and structure. Exchangeable soil chemistry,
comprising the fraction most readily available for plant uptake and
loss to drainage waters, responds more readily than total soil
chemistry. Similarly, various aspecis of soil biological properties
change at different rates. Sampling intervals and their associated
analyses have been planned 16 take account of these differences.

So0il survey and classification (SB)

An extensive survey of the whole of the ECN site is carried out,
using a soil auger and spade, to provide maps at a scale of

1:10 000 for sites up to 50 kan? and 1:25 000 for sites over 50 km?,
map units will be identified to soil series level, or complexes where
necessary (Avery 1980), but will also be classified according to the
systems of the Food and Agriculture organisation and of the US
Department of Agriculture (FAO-UNESCO 1974; FAO 1986; USDA
1875). Where site soil maps already exist, these will be evaluated
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and the necessity for additional survey work will be assessed by .
the appropriate Soil Survey organisation.

An intensive survey will be carried cut on a 300 m x 300 m area,
with the TSS at its centre, using auger borings at 50 m grid
intersections over the whole 9 ha area and at 25 m grid
intersections within the TSS (Figure 6). Where possible, the TSS is
oriented towards north (see LM Protocoel).

So0il characterisation and assessment of change (SF and 5C)
Sampling frequency and location

Soil sampling will be carried out at the beginning of the
programme. The soils are subsequently re-sampled at five-yearly
and 20-yearly intervals, using different sets of deterrinands over
the two periods. Both pericdic samples are replicated in six blocks
of which four are located adjacent to the sides of the TSS and two
are close to its centre. The side blocks may be square and located
immediately ouiside the TSS as suggested in Figure 7, or linear
and located immediately inside the TSS as suggested in Figure 8;
the choice will depend on the particular conditions attaching to the
TSS at a site. The arrangement suggested in Figure 7 can be used

- 100m -
-+ »
] o L]
¢ * & o L J

Figure 6. Distribution of auger beres for intensive soil survey of TS5 and
surrounding area
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Figure 7. Suggested layout of soil sampling blocks in the TSS

Cells A-Tin blocks A-F are used for 20-year sampling, sach cell being 5 m x 5 m. On each
sampling occasion one cell is selected at random from each black, je a total of six samples on each
sampling occasion

Cells 1-16 in blogks A-F are used for five-year sampling. each cell being 5 m x5 m. On each
sampling occasion one subcell (1 m x | m) from each cell is selected at random from each block
The 16 samples from each block are bulked to give a total of six samples on each sampling
occasion
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Figure 8. Alternative layout of soil sampling blocks in the TSS

Cells A-P In blocks A-D and cells A-l in blocks E and T are used for 20-year sampling, each cell being
5mx 5 m. On each sampling occasion one cell is selected al random from each side black (blocks A-
D} and from each inside block (blocks E and F), ie a total of six samples on each sampling occasion
Cells 1-16 in blocks A-F are used for five-year sampling. each cell being 5 m x 5 m. On sach sampling
occasion one subcell (1 m x 1 m) from each cell is selected at random from each bloek. The 16
sampiles from each block are bulked to give a total of six samples on each sampling occasion
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where the TSS has fragile vegetation and where it is important to
avoid damage; the arrangemeni suggested in Figure 8 may be
used where the availability of space outside the TSS is very limited.
Where neither design is thought suitable for local eircumnstances
any proposed alternative must be approved by the ECN Central
Co-ordination Unit.

Each sampling block is referenced alphabetically as shown in
Figures 7 and 8, the mosi northerly block being designated A’

and the others logically in a clockwise direction. The corners of
each block should be marked permanently with wooden posts or
stone blocks and recorded on a map. Each sampling block is itself
divided into 5 m x 5 m cells, of which some are used for five-yearly
sampling and others for 20-yearly sampling, as shown in Figures 7
and 8. Each cell used for five-yearly sampling is assigned a
number from 1 to 18; each cell used for 20-yearly sampling is
assigned an identifying letier from Ato I {or A-P in the case of
linear blocks), as shown in Figures T and 8. The corners of the
cells should be marked temporarily by canes for convenience in
locating current sampling positions. The location of each cell used
oI any sampling occasion is recorded on a plar.

Sampling — initial and five-yearly (SF)

Five-yearly sampling is carried out in each cf the 16, numbered, 5
m % 5 m cells in each of the six blocks. Each5mx & m cellis
subdivided into 25 subcells of 1 m x 1 m which are numbered as
shown in Figure 9, with the cell orientated with the TSS. On each
sampling occasion only one subcell is randomly selected [rom
each 5 m x 5 m cell, giving a total of 18 sampling sites for each

1123|4595

N
6|7 |8|9]|10] #

1111213 | 14| 15

16|17 (18 19|20

21122123124|25

Figure 8. Numbering the 25 | m x 1 m subcells for random selection of
-§ Protocol five-yearly samples
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block at each five-yearly sampling. For convenience it is necessary
to locate only each subcell which is to be used for sampling; the
centre of the subcell should be marked with a cane. Soil sampling
will be carried out within a small area around this central point. in
subsequent five-yearly samples, different 1 m x 1 m subcells are
selected, and thus no subcell is sampled more than once during
the ECN project. The location of the subcell to be used for
sampling in each block and cell will be recorded.

Sampling should be carried out using a gouge auger of a diameter
suitabie to provide sufficient bulked sample (about 3 kg for mineral
scil and at least 6 kg for organic soil, depending on water content)
for the soil type being sampled. For slightly story soils, a narrower
auger may be preferred. For some stony soils or soils with véry
thin horizons, it will be necessary to excavate a small inspection pit
with a spade and sample from the exposed face.

Two sets of soil samples will be taken to a maximum depth of 30
cr from each sampled subcell. One set is based on depths: 0-5
¢, 5-10 em, 10-20 em, and 20-30 cm. The other set corresponds
10 horizons within the top 30 cm. It should be noted that soil
horizons within the upper 30 em can be difficull to identify clearly
when using a soil auger. Horizon boundaries often mergs over a
depth of several centimetres and this gradation from one harizon to
another may be thicker than the actual horizons. In practice, a soil
layer should be designated a horizon when organic matter content
or colour show a change.

The 16 subsamples by horizon and 16 subsamples by depth from
each block shouid be bulked for each block. In some soil types
with thin horizons, it may be necessary to take several auger
samples within each subcell to ensure that sufficient soil is
obtaned.

Sampling - initial and 20-yearly (SC)

Profile sampling and description require excavation of the ground
to expose a vertical section of soil suitable for description.
Sampling and description will use standard methods (Hodgson
1974) and will be from six pits, each located in an alphabetically
labelled 5 m x 5 m cell (Figures 7 & 8) chosen at random from each
block. A medified version of the Von Post scale (Avery 19803,
together with the vegetation composition scheme of Troels-Smith
(1985), will be used for describing the decompositicn state of
peats.

Prefile description and sampling can be carried out at most times
of the year, but preferably when the soil is at, or fairly close to, field
capacity. Orientation of the profile face should be in the direction
of greatest sunlight if possible but space limitations in the area of
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the sampling cell may preclude this. During excavation topsoit
should be kept separate from subsoil and care should be taken to
avoid contarninating the surface of adjoining sample cells when
using the design suggested in Figure 8. It is advisable o lay a
polythene sheet upon which to place the spoil; this allows a tidier
re-instatement. The excavation should expose a soll profile face of
suitable size and of sufficient dimensions to allow easy working. A
soil profile should be exposed to 1.2 m if possible. 1t should be
noted that this is the maximum depth allowed by the Health and
Safety Executive before shoring of the excavation sides is
considered necessary.

Using a trowel, knife or similar instrument, the profile face should
be picked back to expose the soil structure from the surface
downwards. This will allow identification of the soil horizons from
their colour, texture and structural development and, by using a
10% solution of hydrochloric acid, the presence of excess calcium
carbonate. The depth of each horizon, measured from the soil
surface, should be recorded together with the location of the site,
the soil surface description and the description of each horizon,
following the procedures presented in the Soil Survey field
handbook (Hodgson 1974). It may also be useful to record any
other observations of interest which are not specified in the
handbook. The description and characteristics of the site and of
each horizon are recorded either by tape-recorder or in a
notebook for subsequent transfer to computer and hard copy.

Samptes should be collected from each soil horizon recognised in
the description to about 1 m depth (or less if rock is encountered)
and by standard depths of 0-5 cm, 5-10 ¢m, 10-20 cm, 2040 cm,
40-60 cm, 60-80 cm, 80-100 cm, and 100-120 cm. The positions
of the depth bands relative to the horizons should be recorded.
Each horizon should be sampled from its full depth beginning with
the lowest {deepest) so as to avoid contamination of other, higher
horizons; 3—4 kg of soil should be collected from each horizon and
from each depth band in each soil pit. Samples should be
collected inte plastic bags with the sample bag then placed within
a second plastic bag and a label placed between the two bags. All
samples should be stored at 4-6°C prior to drying and analysis.
Samples should be stored for as short a time as possible to
minimise the effect of biclogical activity within the cores.

In addition, core samples will be taken in triplicate from each
horizon, using the methods given in Hodgson (1976}, for the
measurement of soil water release characteristics and of bulk
density 1t may be possible to take cores from depths which
correspond with the fixed depth samples.

The location of each sampled cell should be marked, preferably
both on the ground and on a plan.
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Please note that both SF and SC are carried out in years 20, 40, etc.
Sample handling and storage

Soil samples should be stored in clearly marked polythene bags
and kept in the dark at 4-6°C prior to drying and analysis.
Grinding facilities should satisfy criteria set by the soil analysis
subgroup. Al bulk samples will be air-dried and sieved at 2 mm
prior to analysis, except where a sample is required for analysis in
the moist state, in which case a moist subsample will be taken by
an accepted method. Chernical analyses are carried out on the
fine earth unless otherwise stated.

Particle size analysis

Particle size analysis should be carried out on each horizon of the
profile samples collected in the initial sampling (see SC above)
from the six profile pits and using the pipeite/peroxidised soil
method as defined in the Seil Survey laboratory handbook (Avery
& Bascomb 1982) and which complies with international particle
size analysis standards.

Soil mineralogy

Analyses should be on clay (<2 pm), silt (2-63 pm), and coarse sikt
and sand (83 pm~2 mm) fractions from each of the bulked profile
horizon samples taken {rom the initial sampling (see SC above),
using a combination of x-ray diffraction and optical microscopy
techniques. Analysis of the heavy mineral fraction (SG >2.65)
should also be carried out. Only clay mineral analysis will be
repeated at 20-year intervals.

Soil chemistry
Each bulked horizon and depth band sample from the five-yearly

(*) core samples and each horizcn and depth band from the 20-
yearly (1) profile samples will be analysed for;

*+ Moisture on <2 mm soil oven dried overnight at 105°C
*t pH on field moist and air dry samples, or 1: 2.5
extracts in water and 0.01 M calcium chloride
Exchangeable
*t acidity 0.5 M barjum acetate pH 7
*+ sodiumn 1 M ammenium acetate pH 7 and unbuffered
*f potassium 1 M ammeoenium acetate pH 7 and unbuffered
*t calcium 1 M ammonium acetate pH 7 and unbuffered
*t magnesium 1 M ammonium acetate pH 7 and unbuffered
*t manganese 1 M ammonium acetate pH 7 and unbufferad
*t aluminium 1 M potassium chloride pH 7
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*5 nitrogen Kjeldahl digestion
*+ phosphorus NaCH fusion (Smith & Bain 1982)
*t sulphur (1o be decided)
*t organic carbon dichromate digest
*t inorganic carbonate manometric
1 lead acqua regia
T zinc aqua regia
T cadmium aqua regia
1 copper aqua regia
1 mercury nitric acid/sulphuric acid digest
1 cobalt aqua regia
T moelybdenum aqua regia
+ arsenic Mg(NG,), ashing, sulphuric
acid/citrale extraction
1 chromium aqua regia
T nickel aqua regia
Extractable
1 iron ammonium oxalate pH 3
T aluminium ammonium oxalate pH 3
T phosphorus 0.5 M sodium hydrogen carbonate

Bulk density and water release characteristics

These should be determined for each major soil horizon sampled
as part of the 20-year sampling (see SC above}, The method will
be the Soil Survey suction table and pressure system (in
triplicate) procedures in Hodgson (1876). Bulk density
measurements will be carried out in conjunction with water
release measurements.

Archiving of soil samples.(SA)
Soil preparation before storage

The field samples musi be allocated a unique ECN site, sample
number and date for reference purposes. The sample is spread
out thinly on a tray and dried at 25°C. Drying may take up to five
days for a mineral soil and up to 30 days for a highly organic soil
or peat, depending on its water content. The sample is then
crushed or rolled to break up any aggregates and sieved through
a 2 mm sieve. Highly organic samples are ground in a cross-
beater mill, The >2 mm material which is retained after sieving
generally consists of stones, roots or other organic matter and is
discarded, Before any form of analysis, the <2 mm scil is
homogenised by a mechanical sample divider (eg Fritsch
Laborrette 27) which produces eight uniform subsamples. This
ensures that the analysed samples and those stored for future
work are exactly similar.
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SOIL SOLUTION CHEMISTRY (S5)

To monitor changes in the chemical composition of soil solution
using suction lysimeters

Soil solution chemistry is likely to be affected by physical and
chemical changes in the environment and itself to have important
effects on ecosytem processes; for example, soil temperature and
moisture status strongly influence the microbial aciivity in soil
which controls nutrient release inio the soil solution (Swift, Heal &
Anderson 1979). In turn, soil solution nutrient status has a major
influence on plant productivity and thus on animal productivity.

The commonly used non-destructive methods of seil solution
sampling can be divided into zero tension methods and suction
methods. Zero tension methods use a volume of soil coniained m
such a way that water percolating through the scil drains into a
collecting vessel. These methods are suitable for leaching
studies, where the objective is to quantify nutrients being lost
from the soil (Addiscott 1990}. Suction methods involve the
insertion into the soil of a porous-walled sampler which is
evacuated so that water is drawn into it. Suction samplers collect
water whether or not it is percolating through the soil and were
termed ‘artificial roots’ by early researchers (Briggs & McCall
1804). For the purpcses of ECN, it has been thought most
appropriate to sample water which equates approximately with
that which is available to plants, and accordingly suction sampling
is keing used.

Ceramic suction samplers have been criticised because the
chemical composition of the soil solution can be modified by
contact with the ceramic material (Raulund-Rasmussen 1689), and
for this reason samplers manufactured by Prenart from PTFE and
quariz are specified. The small size of Prenart samplers makes
them suitable for installation in the wide variety of soils
encounttered at ECN sites; larger and more inirusive types of
sampler would result in hydrological disruption and aeration of
peat soils, and would be impossible to install at the base of
shallow soils, in stony soils and in soils containing tree roots.

Suction samplers are not without operational problems, a nunber
of which were identified by Hanson and Harris (1875), who also
suggested procedures to overcome them. While factors such as
soil texture can influence the characteristics of the soil solution
collected at a site, this is likely to be of minor importance in an
environmental change study because the main emphasis here 15
on temporal variation rather than on between-site variation.
‘Plugging' of the sampler pores by soil particles may cause the
performance of samplers at some sites to change through time; in
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order to monitor this possibility the volume of water collected and
the residual vacuum must be recorded. A procedure for sampler
reptacement is included in this Protocol.

Equipment

Prenart 'super cquartz’ soil water samplers are manufactured from
PTFE and silica flour. They are cylindrical, 21 mm in diameter
and 95 mm in length, conical at one end and with a tube
attachment at the other. The tubing links the sampler to a 1 litre
glass collecting botile with a Prenart screw cap. The collecting
bottles are placed in an insulated box to protect the samples from
extremes of temperature and are evacuated using a portable
pump. Details of the equipment required are provided in
Appendix L.

Location

Samplers will be located within a 8 m x 6 m plot which is itself
located within a 10 m x 10 m plot on the edge of, but cuiside, the
TSS. On sloping sites the plot will ideally be located on the
downslope edge of the TSS and definitely not on the upslope
edge, 50 as to avoid any debris from soil disturbance and
trampling being washed on to the TSS. Although no permanent
location markers are used within the 10 m x 10 m plot, & should
be envisaged as being divided into 1 m x 1 m cells, as shown in
Figure 0.

Six samplers will be installed in the A horizon and six others at the
base of the B horizon. The conical base of the sampler can be
allowed to penetrate the horizon below the one being sampled,
but the porous section of the sampler should not do so. Where
these horizons do not exist {eq in peat scils) depths of 10 ¢m and
50 cm will be used. In shallow scils where these horizons do noi
exist, the upper samplers will be installed at 10 cm and the lower
samplers at the base of the soil. In soils less than 20 cm in depth,
only one set of six samplers will be installed, at a depth of 10 cm.
These soil depths are depths below and perpendicular to the
surface, and refer to the position of the mid-point along the length
of the sampiler.

The procedure for selecting cells o receive samplers and also for
the rolling programme of sampler replacement is described in
Appendix Il Each selected cell will have both a deep and a
shallow samgpler located according to Figure 11. Samplers should
be identified by a three-character code, where the first character
is the letter co-ordinate for the cell (as given in Figure 10}, the
second character is the number co-ordinate for the cell and the
third character is either 'S’ for shallow or 'D' for deep. The
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installation procedure is described in Appendix Il Trampling
within the plot during sampling should be minimised, though
animals grazing the TSS should also have access to the soil
solution sampling plot,

Sampling

The deteiled procedure for collecting samples is provided in
Appendix IV, Samplers will be emptied and water volumes
recorded on the same day each forinight, synchronised to
coincide with Wednesday, 3 January 1996. One week after
sample collection the samplers should be evacuated to 0.5 bar;
thus the water sample accurnulates over only the second week of
the fortnightly period. In some clay soils this partial vacuum will
be insufficient 1o extract a sufficient quantity of soil solution to
allow chemical analysis; if this is found to be the case after several
weeks of wet weather, then a vacuum of 0.7 bar should be applied
following agreement with the ECN Central Co-ordination Unit;
subsequent sampling at such sites should always be at 0.7 bar.

Ideally soil solution should be collected throughout the year but in
dry periods the volume of extracted water will decrease and
eventually no further water will be extractable. Some sites will be
particularly prone to this condition and, even in an average
summet, there may be a substantial period when no water is
extracted. There is little point in continuing formightly evacuation
during such periods but it is important to ensure that sampling is
resumed as soon as the s0il becomes sufficientty wet because
early samples are likely to have particularty high nutrient
concentrations. Close attention should therefore be paid to
meteorological data from the site and the vacuum appropriate o
the site should be applied periodically to determine whether
water can be extracted. The dates of these vacuum checks, and
their results, should be included with the normally formatted soil
solution data forwarded to the ECN database. The standard
fortnightly evacuation routine should be operated regularly at all
sites from the beginning of October to the end of May,
irrespective of soil moisture status.

At some sites, particularly in late spring and in autumn, the
volume of water collected may be very small and it may be
necessary to discard very small samples, or combine the six
samples for analysis. The following rule will be used.

If the volume collected from any individual sampler is less
than 10 ml, it should be discarded.

If, for a particular scil depth, the volume collected by three or
more samplers exceeds 60 ml, samples will be treated
individually.
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Otherwise, all samples from that depth will be combined in the
laberatory to make a single, combined sample.

Where samples are to be combined, the single combined sample
from the shallow soil water samplers will be coded XX5' and from
the deep soil water samplers XXD',

Conductivity and pH are measured on unfiltered water accerding
to methods in the Initial Water Handling (WH) Protocol, which atso
deals with filiering of the sample. After filtering, the water is
analysed for dissolved Na*, K*, Ca?", Mg*, Fe*, AP*, NH,*-N, Cl,
NO, -N, 50 F-5, PO,* -F alkalinity and dissolved organic carbon.

Labelling

Each water sample is identified uniquely by:

« the ECN Measurement Cede (53),

+ the ECN Site ID Cede (ag 04 for Moor House),

+ the Location Code {eg 01), and

+ the collection date ('Sampling Date") {eg 01-Jan-1986).

This information MUST be marked on the sample bottle, so that it
can be used to identify the sample through its various analytical
stages, and it must accompany the results when wansferred to the
ECN database.

Washing equipment

Bottle washing is described in the WH Protocol. The glass
collecting bottles attached to the samplers must be washed in the
laboratory at six-monthly intervals.

Safety note

Although the suction samplers do nct use a high vacuum and the
bottles are of toughened glass, there stilt exisis a small risk of
injury from bottle implosion. Appropriate safety precautions
should therefore be taken, including the checking of botiles for
cracks in the glass if, for example, the bettles have been dropped
ot if it is possible that the contents have been frozen.
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AppendixI  Equipment details (including
spares)

Prenart ‘super quartz’ soil water samplers, each with 10 m

tubing attached (14}

Pyrex 1 litre collecting bottles with Prenart screw caps (14)
» Baftery-driven 12 volt vacuum pump with charger

Prenart Equipment ApS

Buen 14

K-2000 Frederiksberg Tel: 01045 3174 1664
DENMARK Fax: 01045 4280 3607

Tt should be specified clearly that 10 m of tubing is recuired on
each sampler.
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Appendix II Sampler location and
replacement

The samphng arrangement uses some of the propearties of the Latin
square design. It has the advantages of simplicity, together with
the desirable property of an element of randormness for future
analysis,

The & m x 5 m area into which the soil solution samplers are placed
is subdivided into 1 m x 1 m cellz, In Year | the samplers are
placed at two depths in the U cells.

After the first five years samplers in three of the cells, chosen at
random, are abandoned and replaced by other samplers in three of
the V cells in either the rows or columns. Foliowing replacement
either each row or each column will contain a cell with samplers.

After the next five years the remaining samglers in U cells are
abandoned and replaced by samplers in the remaining V cells,
Each row and column now contains a cell with a sampler.

This procedure is continued in succeeding five-year periods until
all 36 cells have been exhausted. The cells in use are underlined
in the following diagrams.

JNR Jeffers

Year 1 6 W Y Z u v X
5 X u W Z
4 v W 1 Y
3 u X v

o™
N
=
=
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Appendix III Installation of equipment

Water samplers, each with 10 m of tubing attached (12)
Collecting bottles with caps (12)

Joiner's auger, 0.75 inch or 2 cm diameter with extended
handle for deeper samplers

Plastic pipe, maximum diameter 2 cm

Distilled or deionised water

Plastic beaker (3 of approximately 1 litre)

Thin orange polypropylene string

Insulated picnic boxes (2} each to contain six collecting bottles
with holes drilled according 1o para 11 below

Spade

Soll sieve (2 mm)

Vacuum pump

Canes (24) for temporary marking of plot

Measuring tape

New Prenart soil water samplers are already rinsed in HC! and
deicnised water, ready for installation.

Sink the insulated boxes into the soil as indicated in Figure 10
so that only the lids and 5 cm of the walls protrude above the
ground surface. While deing this the profile can be examined
and scil obtained for para 3 below.

Sieve soil from all the horizons encountered. The soil should not
be dried prior to sieving and it will usually be necessary to
force the scil through the sieve, for instance with a rubber
bung.

Mix, in the plastic beaker, a thin slurry of water and sieved soil
from the horizon into which the sampler is to be placed.

Place the scil water sampler in the slurry and apply 0.5 bar
vacuum for 10-15 minutes. This ensures that the biggest pores
in the sampler are filled with fine soil and that there is a tight
capillary contact with the soil.

Make a hole with the auger at an angle of 60° 1o the soil surface
until the appropriate horizon/depth is reached. This angle
ensures that the soil over the sampler is undisturbed.

Mix a thicker slurry of water and sieved soil from the horizon
inio which the sampler is to be placed and pour it into the hote
using the funnel. The tubing attached to the funnel should
extend to the bottom of the hole.

8. Tie the siring to the top {itting of the sampler leaving enough

string 5o that a loop extends approximaiely 5 cm above the
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ground surface. This serves to mark the location of the sarnpler
and aid its removal should this be necessary.

9. Pui the tube from the sampler and the marker string through
the plastic pipe and push the sampler down the hole with the
pipe, using the string to hold the sampler tightly against the
bottom of the pipe.

10. Back-fill the hole with thick slurry made with sieved soil from
the appropriate herizons.

11. Tubing from each sampler should be routed directly to the
downhill boundary of the | m x 1 m cell in which it is located,
and it should then follow cell houndaries to an insulated box. In
most cases the full 10 m of tubing will not be required to link
sampler and bottle. However, the excess tubing should not be
cut off but rather coiled under a turf adjacent to the insulated
boxes. To minimise the impact of frost and animals, the tubing
should be placed in the bottom of a 10 cm deep slit cut in the
ground with the spade, The heles in the boxes should allow the
tubing to enter without it having to emerge above the ground.
These holes should be a tight fit around the tubing to prevent
soil or water entering the boxes. In soils which frecuently have
high water tables there is a danger of the boxes fleating. This
can be obviated by enlarging the hole and placing at the
bottom a plank of wood approximately 150 cm x 30 cm x 5 cm
to which the boxes are tied. The plank and boxes are held in
place by back-filling the soil.

12. Connect the tubing to the collecting botiles and evacuate the
bottles to 0.5 bar using the pump.

13. The depth of the samplers and the layout of the tubing should
be carefully recorded for future reference.

Some siie conditions may require different installation procedures
and experimentaiion with a limited number of samplers to find the
most appropriate procedures is advisable, For peat soils the slurry
will not be required; the fibrous peat surface should be penetrated
with the auger and the sampler should then be pushed through
undisiurbed peat to the appropriate depth; if necessary, the hole
above the sampler should be back-filled by poking solid peat
down with the installation pipe. Where the samplers are installed
close to the soil surface because the A horizon is shallow, it may be
most appropriate to angle the samplers so they are almost
horizonial. Where the string is likely to be damaged, for instance
by grazing animals, it should still be installed io allow removal of
the samplers but it should be protected by leaving the upper end
below the ground surface with the fubing.
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Appendix IV Routine sample collection

250 ml polypropylene bottles, pre-marked with sampler codes
(12)
Vacuum pump (fully charged)

* Recording sheet and pencil

Connect the pump to a colleciing boitle and open the pinch clip.
Ensure that the tubing walls have separated and record any
residual vacuum.

2. Remove the collecting bottle and record the quantity of water it
contains, using the calibrations on the bottle.

3. Fil the pelypropylene botile labelled with the corresponding
sampler code and secure its cap.

4. Discard any water remaining in the collecting botile away from
the sampling square, ensuring that as much water as possible is
remaoved from the bottle.

5. Re-connect the collecting bottle, in preparation for evacuation
one week later.

6. One week after collecting the sample for analysis, attach the
vacuum pump and establish the required vacuum (see under
Sampling). The Database Manager should be informed of the
vacuum being used. The vacuum should be read with the pump
switched off because the gauge gives a false value when the
pump is operating.
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Aim

Rationale

VEGETATION

To monitor change in semi-natural vegetation, permanent grass
and cereals

Semi-natural and managed vegetation is often very sensitive 1o
the main drivers of environmental change, ie climate, pollutants
and land use practices. Its monitoring requires as a starting point
an accurate and comprehensive description of the extent and

_character of the vegetation cover of each ECN site. Referring this

variation in vegetation to a descriptive scheme that 1s applicable
at least to all network sites, and preferably to a wider
geographical area, is important for comparing changes across
ECN. The monitoring methods must be sufficiently sensitive to
detect responses in any element of the vegetation, but must also
set repeatable standards for both present and fuiure recording
and analysis. It has been concluded therefore that it is better to
use an objective method which records presence and absence of
plant species rather than to attempt difficult and subjective
assessment, such as cover estimation. Further, it has been
thought more efficient statistically to use a relatively large number
of small plots rather than a small number of larger plots.

The basic unit for recording and storing lists of plant species in
the monitoring programme for semi-natural vegetation is a cell 40
cm x 40 cm, and this is used in different spatial configurations in
the two major elements of the sampling programme, These
elements are (i) coarse-grain monitoring which 1s based on a
sample of vegetation selected at random from a series of
systematically located grid points and with recording repeated
every nine years, and (ii) fine-grain monitoring which is based on
a sample of vegetation selected from vegetation types
recognisable at the beginning of the programme and with
recording repeated at three-year intervals. Coarse-grain
monitoring aims to provide a record of broad changes in
vegetation at a site, whilst fine-grain monitoring provides the
detail which allows changes to be related to the UK's National
Vegetation Classtfication (Rodwell 1991 et seq.) The number of
fine-grain monitoring locations required is at least twe in each
vegetation type and this is likely to provide approximately 20 or
fewer locations at most ECN sites. The number of coarse-grain
monitoring locations is larger, being set at approximately 50, and
the detail recorded is less than in fine-grain monitoring.

Provision is also made for additional monitoring of woodlands and
of linear features such as hedgerows and at vegetation
boundaries, which may shift as a resuli of environmental change.
Seme ECN sites are managed in part or in their entirety as
permanent grassland or for cereal production, and provision is
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made for monitoring the annual yield of these crops, using
methods which are well established in agricultural research
practice.

Vegetation mapping to provide baseline data and sample
stratification (VB)

A vegetation map is an essential prerequisite for characterising
the vegetation types of each site and thus for selecting areas in
which change is to be monitored. An existing vegetation map
may be adequate, provided the boundaries between the
vegetation types are known io be accurate at the start of the
programme. If no such map is available, one should be prepared
using recent remotely sensed imagery, land use cover or local
botanical survey with ground-truthing of boundaries. It is not
necessary at this stage to know the identity of the different
vegetation types which can be distinquished. The map should be
at a scale of 1:10 000 for sites up to 50 kim? in extent, and 1:25 000
for sites over 50 km?. Annual patterns of land use at agricultural
sites will be recorded on maps and stored in the ECN GIS.

Location

An approximately reqular grid, coincident with the National Grid,
should be superimposed on the site map, scaled so as to provide
approximately 400 sample grid positions, The purpose of the
grid is to provide plot locations which are unbiased and re-
locatable. If a site includes short-term leys, arable areas, or
experimental plots likely to be subject to changing management
over the duration of ECN, these should be distinguished on the
map under these broad headings, and grid positions falling in
these areas excluded from subsequent survey of semi-natural
vegetation. Remaining grid positions, falling within semi-natural
vegetation, permanent grass and conifer or broadleaf plantations,
will be used to characterise the vegetation of the site, together
with additional randomly located sample positions placed in other
distinguishable vegetation types which are unrepresented or
under-represented at the grid pesiticns. There should be at least
two sample (infill) points in such additional vegetation types, with
no more than 100 in total. A maximum of 500 sample positions
will now be available for characterising the vegetation.

If there are existing data of this general kind which can be used to
characierise the vegetation types, new sampling can be limited to
those areas which were originally under-recorded or where
change has cbvicusly taken place since the data were collected.

A 2 m x 2 mplot is centred on each grid and infill point,
orientated N, E, S, W using magnetic bearings on the first visit.
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The centres and corners of plots selected for continued
monitoring (see following paras VC, VE, etc) should be
permanently marked at this stage. At extensive sites having few
landscape features and low-intensity management, it may be
essential to use a plot centre marker which can be seen easily
from a distance. Plot cornets should be marked with buried
metal stakes.

Sampling

A species list of all vascular plants, bryophytes and lichens,
except those growing on rock or wood, is recorded inthe 2mx 2
m plot, using Tutin et &l (1964 et seq.), Corley and Hill (1981} and
Purvis ef al. (1993) as standards for nomenclature. Where peints
fall in peaty pools, streams or lowland pends, recording will be
more difficult, but should nevertheless be attempted unless it
resulis in an unacceptable health or safety risk. Where points fall
in woodland or scrub, the trees and shrubs in a 10 m x 10 m plot,
centred on the 2 m % 2 m plot and oriented in the same directions,
should be listed separately to provide a more representative
sample of the canopy and understorey.

Vegetation types identified as a result of this initial survey of the
site will be used as a basis for selecting samples for future
vegetation monitoring. It is therefore very important that the
vegetation types are named by reference to a single classification
scheme relevant to all ECN sites. The National Vegetation
Classification (NVC) (Rodwel 1991 et seq.) provides such
comprehensive national coverage of all British semi-natural
vegetation, improved grasslands and plantations and is
compatible with the European Community CORINE (Co-
ordinated Environmental Information in the European
Community) Bictopes and Palaearctic Habitat Classifications.
Samples can be allocated to NVC vegetation types individually or
in groups characterised from the data using a multivariate
classificatory technique such as TWINSPAN (Hill 1979). The
pregrams MATCH (Malloch 1991) and TABLEFIT (Hill 1988,1893)
provide simple statistical techniques to assist with such matching.

If competence in identifying planis is lacking, then both the
original recording and the subsequent monitoring must be
subcontracted to skilled surveyors. Sampling must in any case
always be timed well within the growing season June—-August at
most UK sites) when identificatien is usually mere reliable. Where
sampling is in grass managed for silage, recording should
precede the first cut.
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Coarse-grain vegetation monitoring (every nine years)

(VC)
Location

A random selection shouid be made of 40 of the 2 m x 2 m plots on
the regular grid set up for baseline vegetation recording (see VB).
Where infill plots exist, up to ten of these plots should be selected
randomly in addition, providing a total of up to 50 plots for coarse-
grain monitoring. Flots selected for this purpose should be
permanently marked {see VB) and are recorded every nine years.

Sampling

Plots should be divided into 25 cells, each 40 cm x 40 cm. In each
cell the presence of all vascular plants rooted in the cell is
recorded, with the exception of those growing on rock or wood;
non-vascular plants are recorded in the same way but in three
groups: sphagna, other bryophytes and lichens. This will provide
an estimate of-local frequency of taxa in each plot. The presence of
bare soil, bare rock, litter, dead wood or open water are recorded
in the same way.

The altitude, slope, aspect, land use and slope form are noted for
each 2 m x 2 m plot (using the terminology of Hodgson 1974), as
also are biotic or treatment effects such as grazing and browsing,
trampling and dunging by stock or wild herbiveres, burning or
disturbance, as specified on the recording form which is provided,

If the plot falls within woodland or scrub, then additional
monitoring should be carried out as described below (see VW),

Fine-grain vegetation moenitoring (every three years) (VF)
Location

Fine-grain monitoring is to be carried out every three years in the
TS and in at least two locations in sach of the vegetation types
characterised by the methods described above. The locations are
chosen to coincide with original grid and infill locations where
possible, but otherwise should be selected using randomly
selected pairs of co-crdinates. They should not coincide with
coarse-grained monitoring locations so as to avoid unnecessary
and repeated disturbance to the vegetation. The same plots are
reccrded on each occasion.

Sampling

A 10 m x 10 m plot is centred around each selected position and
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oriented N, E, 5, W using magnetic bearings, and marked as
described above (see VB). Ten 40 cm x 40 cm cells are selected
randomtly, using a different randomisation for each plot, and
marked in their NE and SW corners; each cell is used for recording
the presence of all species of vascular plants rooted in the cell, and
bryophytes and lichens, except those growing on rock or wood.
The presence of bare soil, bare rock, litter, dead wood and open
water should be recorded in the same way Physical and biotic
features of the 10 m x 10 m plot are recorded on each occasion, as
described above (see VC).

Additional coarse-grain monitoring in woodland (every
nine years®) (VW)

Location

Where grid and infill samples selected for coarse-grain monitoring
fall in scrub or woodland, a 10 m x 10 m plot, centred on the 2 m x
2 m plot, will be used for recording trees and shrubs..-The corners
of the 10 m x 10 m plot should be marked to aid relocation.

Sampling

Tree and shrub species rooted in the 10 m x 10 m plot will be
listed, with a note on whether they are represented (see Appendix
II) as canopy dominants (C), subdominants (3), intermediate (),
suppressed (U), shrub layer, saplings or seedlings (Figure 12). A
species may be represented in more than one of these categories,
Ten cells, each 40 cm x 40 cm, are selected at random using a
different randomisation for each 10 m x 10 m plot; the cells are
marked, for relocation, in their NE and SW corners. The diameter
at breast height (dbh, measured with a tape to the nearest 0.1 cm
at a height 1.3 m above the ground) and height (measurad to the
nearest 0.5 m using a hypsometer or poles) of up to ten frees or
shrubs of >5 cm dbh will be recorded’; the individuals chosen are
those nearest to the centre points of the ten randomly selected
cells. If the plant is multiple-stemmed, the dbh and height of the
tallest live stem are measured and the number of stems is counted
and recorded. The distance, at a height of 1.3 m, between the
approximate centre of the chosen sterm and the centre of its
associated random cell will be recorded. The measured stems
should be marked with paint at 1.3 m, numbered and re-measured
on subsequent occasions. If a stem dies between surveys, a
replacement stem is selected from the same randomly selected cell
using the procedure outlined above.

*Tree diameters are measured every three years
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Figure 12,
i. Relative positions of trees in different crown classes in an even-aged,
unthinned pure stand
ii. Development of different crown classes with advancing age as a
result of competition amongst trees originally dominant
C, dominant; S, subdominant; I, intermediate; U, suppressed

Seedlings will be counted by species in the ten selected 40 cm x
40 cm cells. Seedlings can be individually marked if monitoring of
survival 1s of interest and recording repeated annually if necessary.

Forest health will be assessed annually using UN-ECE (United

Nations Economic Commissicn for Europe) guidelines (Innes
1993).
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Additional monitoring of vegetation boundaries and linear
features, including hedgerows (every three years) (VH)

Location

Boundaries between the vegetation types characterised and
mornitared usingthe methods outlined above can themselves be
very sensitive to change. Such boundaries should be identified,
from baseline or other surveys, or from aerial photographs, and a
nurnber of these should be selected which will adequately represent
major discontinuities of the vegeiation present at the site. Linear
features of particular interest, such as hedgerows and ditches,
should also be sampled using the same methodology. Having
defined the boundaries to be sampled, one or more transect lines
will be located at random and laid cut at right angles to each
boundary.

Cells of 40 cm x 40 cm are centred on each transect line and are
located at suitable regular intervals along the line, spaced as closely
and extending as far on each side of the boundary as recuired; they
should be permanently marked at the poinis where the transect
crosses the cell boundaries.

Sampling

The presence of all species of vascular plants rooted in the cell, and
of bryophytes and lichens, is recorded, excluding those growing on
rock or wood, together with bare soil, bare rock, litter, dead wood
and open water, and other physical and biotic factors (see VC). A
sketch map should be drawn to show the transect profile and the
location of cells along the ransect.

Where a boundary shifis during the ECN programme, the transect
line and number of cells will be extended accordingly.

Where a hedgerow is to be sampled, species composition of a 10 m
length of the hedgerow is recorded in addition. The sample is
centred on the transect line described above {see Location), ie
taking a 5 m length of hedge on both sides of the transect line.
Woody species occurring in the whole width of hedge are listed.

Additional monitoring of permanent grass (four times per

year) (VP)
Location

At lowland sites the TSS wilt usually have been selected in an area of
permanen: grass (>5 years since sowing).which has been managed
and utilised in a standard manner for several i years normally by
grazing.
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The TSS should be divided into ten subpiots of approximately
equal area, within each of which one exclusion cage, covering a
minimurn area of 3 m?, is sited at random in mid-March and re-
located at random annually.

The existing system of management, including the amount of
fertilizer applied and the method of utilisation, should be
maintained on the sampled area throughout the ECN
programme. All treatmenis should be recorded, including
stocking rates.

Sampling

Species presence will already have been recorded in the TSS in
accordance with the protocoi {or fine-grain monitoring of
semi-natural vegetation at three-yearly intervals (see VE).

Grass yield will be recorded in each of the ter: exclusion cages.
Dry matter yields from the sward will be estimated by mowing
under the cages. Four cuts will be taken from the cages using a
hand-driven autoscythe, the first in mid-May and again in
rmd-uly, early September and late October, Every effort should
bie made to make cuis on the same date each year. Although this
procedure will not measure the herbage consumed by the stock,
it indicates the potential production of the pasture which has
been grazed in previous years. The final cut, in October, is
intended 0 coincide with the end of the growing season.
Samples will be oven-dried and results expressed as dry matter
production/cut and as production ha™' year-.

Where the permanent grass has to be regularly managed by
mowing, every effort should be made to follow the timing
described above.

As optional, additional monitoring, it is desirable that one or two
sites should look for evidence of change in the potential
productivity of grassland by using freshly sown, monospecific
swards each year (Corrall & Fenlon 1978).

Method Additional monitoring of continuous cereal {annually)

(VE)
Location

Continuous cereal cropping in a uniform area which has been

cropped in a standard manner for a significant period is

recommended for ECN monitoring. In these circumstances a

standard fertilizer ireatment will be required; herbicide will be
V Protocol required io deal with grass weed problems in autumn-sown
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cereal sequences. Spring herbicide treatrent should be delayed
until after the spring recerding of species presence (see
Sampling below). Fungicides and inseciicides will be used as
required. All treatments should be recorded.

Species presence will be recorded annually (weeds and crop
plants) in at least two 10 m x 10 m plots before the crop elongates
and after the spring flush of weeds. The plot locations are chosen
to coincide with original grid and infill locations where possible,
but otherwise should be selected using randomly selected pairs
of co-ordinates.

Estimates of yield will be made within the crop area in close
proximity to that used for vegetation monitoring.

Sampling

Apart from its being annual and not triennial, recording of species
presence will follow the principles laid down for fine-grain
monitoring in semi-natural vegetation (see VF above), le it will use
ten permanent 40 cm x 40 ¢ quadrats randomly located in each
10 m x 10 m plot.

Twenty plots, each 20~25 m long and the width of the plot
combine (minimum plot area 50 m?), will be harvested. The grain
produced on each plot will be weighed, as will a 10 m length of
straw swath. Grain yield will be recorded as grain at 15%
moisture content; dry matter yield of straw will also be

recorded.

As optional extra monitoring, arable crops can be compared in
terms of biomass production, for which purpose 1t will be
necessary to aim for sampling at maximum biomass. Winter
wheat will therefore be sampled at anthesis by cuiting as near as
possible to the ground. Twenty plots, each 1 m? should be
sampled from within a uniformly growing area of at least 30 m x
100 m which is as similar as possible to the area sampled for

grain yield.

The dates of standard growth stages of wheat crops at ECN sites
should be recorded annually {Tottman & Broad 1987). Assuming
that the winter wheat crop is drilled before the end of October, it
is recommended that the dates should be recorded on which the
following stages are reached:

+ S 31 (siart of stem elongation)

«  GS 39 (flag leaf emerged)

The dates should be recorded on which 50% of a sample of tillers
on a 50 m x 100 m area have reached these stages of
development.
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Time

Because the size and character of the ECN sites, and the amount of
existing remotely sensed, cartographic and survey data are so
variable, it is difficult to estimate the time needed to prepare a
basic vegetation map.

Estimated times for the collection of initial plot records for
characterisation of the vegetation types and for subsequent
menitoring are as follows, Estimates are based on an initial array of
300 plots (400 grid + 100 infill), and make some allowance for
walking time and bad weather.

[nitial recording 30 mins/plot 10 weeks in year 1

Location and marking
of menitoring plots 30 mins/plot 2 weeks in year |

Coarse-grain

monitoring 1 hour/plot 4 weeks in years 110,19, ete
Fine-grain

menitoring 1 hour/plot 4 weeks in years 1,4,7,10, etc
Woodland

monitoring Y2 day/plot & weeks in years 1,10,19, etc

Estimated times required for additional monitoring of hedgerows
and linear features, permanent grass and continuous cereal are as
follows.

[nitiat plot establishment 15 days
Hedgerows and linear features 15 days/3 years
Grassland 5 days/year
Continuous cereal 9 days/year

Authors /S Rodwell, /M Sykes and M.B. Helps
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AppendixI  Siting of vegetation plots and
the effects of artefacts

ECN vegetation plots are lecated according to systematic and then
random criteria in order to sample vegetation as chjectively as
possible. Some of these locations may be in difficult terrain, or
may include cbstructions or types of land cover which prevent
vegetation growth (eg tarmac). The following quidelines should be

used in such situations.

Plots should be laid out so as to follow the ground surface as

closely as is practicable.

This includes following the profile of

ditches, turf banks, bluffs, etc. Descriptive and quality
information should be given as indicated in the recording

forms.

If part of the plot is occupied by artefacts such as tarmac

Baseline recording

Coarse-grain recording

Fine-grain recording

Record the percentage of the plot
occupied by the artefact and therefore
unsurveyed. (This is provided for in
the Baseline Descriptive/Quality
Form)

If a cell could not be surveyed, use
‘Quality Code' 136 (provided for in
the Coarse-grain Descriptive/Quality
Form for cells)

If five cells or moreinthe 10mx 10m
plot are not able to be surveyed, then
select randormly another grid plot (if
none are available then use random
co-ordinates within the vegetation
type being sampled). If less than five
cells are affected, then re-select those
cells using random local co-ordinates

If part of the plot is obstructed by an ‘impenetrable’ barrier

such as a stone wall

Baseline recording

Cearse-grain recording
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Survey that part of the plot which falls
on the same side of the barrier as the
plot centre point. Record the
percentage of the plot unsurveyed, as
above

Survey that part of the plot which falls
on the same side of the barrier as the
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Fine-grain recording

plot centre point. Record at cell level
that a cell could not be surveyed, as
above

Select randomly an alternative grid
plot so that the whole of the plot falls
within the vegetation type being
sampled. If no grid plots are
available, select & plot using random
co-ordinates

If part of the plot includes a fence, natural boundary, or other

linear feature

Baseline and coarse

-grain recording

Fine-grain recording

Woodland monitoring

Seedlings
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Survey as a normal plot, but record
that the feature is present on the
appropriate forms

Select randormly an alternative grid
plot so that the whole of the plot

falls within the vegetation type being
sampled. If no grid plots are
available, select a plot using random
co-crdinates

If more than half a cell is takenup by a
mature tree stem, then select an
alternative cell using random local
co-ordinates
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Appendix II Tree crown classes

1.

Dominant

Trees with crowns extending above the genersi level of the
crown cover and receiving full light from above and partly from
the side; usually larger than the average trees in the stand, and
with crowns well developed but possibly somewhat crowded on
the sides

Subdominant

Trees with crowns forming the general level of the crown cover
and recewing full light from above but comparatively little from
the sides; usually with medium-sized crowns more or less
crowded on the sides

Intermediate

Trees shorter than those in the two preceding classes but with
crowns extending into the crown cover formed by dominant
and co-dominant trees; receiving a little direct light from above
but none from the sides; usually with small crowns considerably
crowded on the sides

Suppressed
Trees with crowns entirely below the general level of the crown
cover, receiving no light either from above or from the sides

Tree

A woody perennial plani with a diameter at breast height (dbh;
1.3 m above the ground) >5 cm, typically with a single, well-
defined stem carrying a more or less definite crown

Sapling
A young tree, no longer a seedling and typically growing
vigorously. It has a dbh between 0.5 cm and 5 cm

Seedling
A young tree or shrub, grown from seed, from its germination
up to the sapling stage, ie with a dbh <0.5 ¢m

Shrub

A woody perennial plant with persistent and woody stem(s). It
differs from a tree or sapling, as defined here, in its lower
stature and the general absence of a well-defined main stem, ie
the side shoats are generally well developed
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INVERTEBRATES

Tb monitor changes in populations of selected groups of
invertebrates

The invertebrates form a large group in terms of species richness
and many of them pose difficult problems for long-term
monitoring: sampling for many groups is labour intensive,
identification difficult, time-consurmning and therefore expensive.
However, some groups are ubiquitous, are more readily sampled
and identified, and are known to respond to changes in climate,
pollution and land use (eg Luff & Woiwod 1995); moreover, in some
cases there are already good biological, physiological or
ecological data, often from long-term studies, which can provide a
background to interpretation. A general policy in considering
suitable invertebrate groups for ECN sampling has been to
concentrate principally on indicator groups rather than on
individual species, and wherever possible on groups where
monitoring schemes already exist. It was desirable to include
examples of both herbiveres and predators, as well as some
populations exhibiting genetic variation, particularly where an
environmenal link is known. Practical considerations of ihe
availability of expertise and of other resources have also been
taken into account so that as wide a range of mvertebrates as
possible is being sampled witlhin the resources likely to be
available within the ECN programme.

Luff, M.L. & Woiwod, L.P. 1995. Insects as indicators of land-use change.
In: Insects in a changing environment, edited by R. Harrington & N.E. Stork,
399422, London: Academic Press.
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TIPULIDAE

To monitor changes in the populations of selected species of
Tipulidae larvae

The larvae of craneflies (Tipulidae) are widespread, numerous and
easily sampled in soil. They are rarely, if ever, found at depths
below 10 cm and sampling does not involve the degree of soil
disturbance which would be incurred, for instance, in sampling
earthworms. These larvae are mainly plant feeders; they are
important food for many other animals and play a key role in
terrestrial food webs (Coulson 1962). Because several species
might be present, estimates of changes of abundance will be
possible on a comparative basis. To ensure that sampling covers
the later, larger larval stages, for which both retrieval and
identification are easier, it is necessary to sample both in spring
and in autumn because, although most species have an annual life
cycle, they have different emergence seasons.

Cores are taken from the soil and hand-sorted to remove the
larvae. Sampling the larvae from soil cores in April covers the
development time of the most common grassland species, Tipula
paludosa, whilst samples in September will include other species
found in woodland and moorland habitats as well as the late
spring-emerging grassland species.

Equipment

A metal corer, 10 cm in diameter and with an cperating depth of a
least 10 cm, will be used.

Location

A sampling site of at least 80 m x 40 m should be selected outside,
but preferably close to, the TSS. The sampling is destructive and
its long-term effects are mitigated by using as large an area as
possible. If both woodland and grasstand sites are available, it is
desirable to sample each separately as different species will be
present. On upland sites it is desirable to select both a relatively
well-drained and a wet peat site, as well as a grassland with
mineral soil.

Sampling

The sampling area should be gridded into 20 subplots as an aid to
taking a stratified random sample which is geographically
dispersed across the area. A corer 10 cm in diameter will be used
to obtain cores 10 cm deep. Twenty cores should be taken, using
pairs of random co-ordinates, one from each of the subplots, in
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April and again in September. The cores should be placed in
separate, labelled polythene bags and should be hand-sorted
within 24 hours. The extracted larvae should be dropped into near-
boiling water and then preserved in 70% alcohol, keeping separate
those from each core. It should be borne in mind that zero counts
may be important for comparison with future counts.

Identification of Tipulidae to species level should be possible by
Site Managers, using token specimens provided. Subsequent
periodic checking of identifications will also be needed. Adult
craneflies collected from the pitfall traps (see IG Protocol) may
provide useful confirmation of the presence of some species ata
site.

Sampling and sorting 4 days/year
Identification 1 day/year

J.C. Coulson

Coulson, J.C. 1962. The biclogy of Tipula subnodicornis with comparative
observations on Tipula paludosa. journal of Animal Ecclogy, 31, 1-21.
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To collect and identify daily collections of macrolepidoptera,
using a standard light frap

The Lepidoptera (butterflies and moths) is a large order of insects
and is among the best known, both taxonomically and biclogically.
For this and other reasons, such as their phytophagous larval
habits, they are a good indicator group for environmental change
(Woiwod & Stewart 1990; Woiwod & Thomas 1993). The Protocol
involves sampling by light trap of all the macrolepidoptera (large
moths) using the methodology of the Rothamsted Insect Survey.
This provides a strong background of expertise to ensure that the
Protocol requirements are met, as well as an existing extensive
national database accumulated over the last 25 years which will
form the basis for analysing future trends in populations. The
background to the Rothamsted Insect Survey's light trap network is
given in Taylor (1986) and in Woiwod and Harrington (1994).

Equipment

A standard Rethamsted light rap (Williams 1848), which recquires a
continuous power supply, is used.

Location

The Light trap should be sited so as to be convenient for daily
emptying. Its location should be as near as possible to the TSS but
will often be near to laboratories, houses or farms, where help from
the occupants can sometimes be entlisted; this is likely to be the
orly possibility for remote sites, because of the need for a
continuous pewer supply. The trap should be sheltered by
vegetation if possible and ideally placed further than 20 m from
artificial light socurces.

Sampling

Ideally, traps are emptied daily throughout the year but if this is not
possible samples should be accurmulated, for example at
weekends. Currently samples are posted to Rothamsted for
identification, unless local expertise is available. All data are
lodged in the Rothamsted Insect Survey's existing database as well
as in the ECN database. For iarge sites it is desirable to run more
than one trap if suitable operators can be found. Detailed
instructions for trap operators are given in Appendix .

Emptying trap 40 minutes/trap/week, plus traveiling
Identification Up to 15 days/site/year for a very experienced
identifier
LP Woiwod
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AppendixI  The Rothamsted Insect Survey
light trap: description and
daily operation procedure

The Rothamsted Insect Survey (RIS) light irap (Williams 1948)
consists of a stand approximately |.2 m in height which supports
the light source and trap. The overall height is approximately 1.5 m
and the trap and stand are approximately 0.6 m in width and depth.

The light source is a 200 wait, clear, tungsten lamp powered by
mains electricity. For safety, the supply is protected by a trip switch
or Residual Current Device (RCD). The lamp is switched on at
dusk and off at dawn each day by an automatic solar dial time-
switch which self-adjusts for seasonal variation in daytength.

On entering the trap, insects are killed in a collecting jar which is
lined on its inner surface with plaster and into which is absorbed
daily approximately 5 ml of 1,1,2,2 tetrachlorcethane. The fumes
from this chemical render the insect imrmobile very quickly, thus

preventing escape and excessive damage.

The daily routine for sample collection takes approximately five
minutes. The recommended procedure, as carried out by staff of
the RIS, is outlined below.

1. Check that the RCD is in the 'on’ position. If it has tripped,
ensure that the power supply is on and try to re-set the RCD. If
it trips again, replace the fuse in the plug and try again to set
the RCD. If there is still a fault, contact an electrician.

2. Check that the clock is set at the correct time (GMT). The salar
dial clock adjusts automatically for seasonat variation in
daylength. It must not be altered to match changes in local time
(eg British Summer Time).

3. By turning the manual switch on the clock, check that the light
bulb is working. Ifit is not, replace the bulls and try again. [f it
still does not work, contact an electrician. Only 200 watt, clear,
tungsten bulbs should be used.

4. Take a collecting jar. which has been dosed with approximately
5 ml of tetrachlorosthane and capped with the appropriate jar
lid, to the trap and replace the one containing the previous
night's sample. To prevent contact with the tetrachloroethane
vapour and spillage of the sample, always use the jar lid.

3. In a well-ventilated area or a fume cupboard, tip the sample into
one or more (depending on the size of the sample) tissue-lined
pill boxes. Ensure that no insects remain in the jar and replace
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the jar lid. Gently fold the tissue over the sample, taking
care to avoid crushing the insects, and close the box. Re-
dose the jar for use the following day with approximately 5
ml of tetrachloroethane and immediately replace the lid.

8. On the box or boxes containing the sample, write the site
name and the date on which the sample was taken. Ifit was
collected on 15 June 1995, the light would have been
switched on at cusk on the 14 June and off at dawn on the
15 June. The correct date to be written on the box is
therefore 14-15 June 1995. If the sample is accumulated
over several nights, the correct date would be that on which
the trap was set and that on which the jar was emptied. For
example, if the trap ran over the weekend of Saturday 28
and Sunday 29 January, and was emptied on Monday 30
January, the correct date would be 27/30 January 1995. If
two boxes are used to accommodate the sample, write the
appropriate date and '1/2' on each box. Details of any dates
on which the trap was not operating, eg because of lamp
failure, should be reported.

Tetrachloroethane

Although alternatives are being sought, tetrachloroethane is the
onty compound which has the correct properties to enable the
rapid killing of insects entering the collecting jar whilst also
remaining effective for 24 hours or more. However, it is toxic
by inhalation, skin and eye contact and is assumed to be
poisonous if taken by mouth. Prolonged continued high
exposire may cause jaundice. The following precautions
must therefore be observed.

1. Avoid breathing the vapour and avoid contact with skin,
especially the eyes.

2. When pouring, wear safety spectacles; always work in a
well-ventilated area, preferably outside; take the collecting
jar to the tetrachloroethane, not vice versa.

3. Allow small spillages to evaporate; keep away from the
spillage site.

4, Large spillages should be absorbed on to sand and
removed outside io evaporate. When doing so, wear safety
spectacles, gloves and a respirator,

5. in the case of skin contact, remove contaminated cloihing
and wash the skin with running water followed by soap and
water.
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Electricity

The trap operates by mains electricity The supply should always
be disconnected before a bulb is replaced. No part of the
electrical circuit should be exposed without prior consultation with
an electrician. The RCD should be tested reqularly, according to
the manufacturer's recommendations.

IM Protocol
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BUTTERFLIES

To monitor the abundance of buiterflies using the transect
methods of the Butterfly Monitoring Scheme

Butterflies are cne of the easier insect groups to identify and
monitor and are known 1o respond rapidly to changes in vegetation
abundance and quality (Thomas 18§1). The Protocol adopted by
ECN is that already in use for the national Butterfly Monitoring
Scheme, operated jointly by the Institute of Terrestrial Ecology and
the Joint Nature Conservation Committee and organised from the
Biological Records Centre at ITE Monks Wood (Hall 1981, Pollard,
Hall & Bibby 1986). This existing scheme will provide a strong
background of information from appreximately 15 years of
sampling for comparison with ECN data. Analysis of the existing
data has already shown interesting changes in the distribution and
phenology of individual species (Pollard 1891) and sigmificant
relationships between butterfly population size and climate (Pollard
1988).

Location

A fixed transect route is set up at each site following the
instructions in Hall (1981), and is strictly followed on each sampling
occasion. The route is selected 50 as to be reasonably
representative of the ECN site and will often follow existing paths or
boundaries and include areas under different management
regimes. If necessary, the route should be marked out to ensure
that the same route is followed on each occasion. The length of the
transect will depend on local conditions but should be capable of
being walked at a comfortable, even pace in 30-90 minutes and
will therefore usually be 1-2 km. The fransect should be divided
into a maximum of 15 sections, which may be of different
vegetation, structure, or management and which are used as
sampling strata. The length of each section is recorded on a mag,
together with information on habitat types and abundant plants,
especially butterfly food plants. Management operations in the
vicinity of the transect are also recorded. Changes in these
characteristics are noted, so as to assist in interpretation of results.

Method

Recording of the transect takes place weekly between i April and
29 September, between 10,45 and 15.45 BST. The temperature
should be 12-17°C if sunshine is at least 60%, but if the
temperature is above 17°C recording can be carried out in any
conditions, providing that it is not raining. At northern, upland sites
the appropriate upper temperature is 15°C. The use of more than
one recorder would make recording easier at the peak of the
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season when high numbers of different species oceur, or to provide
cover for an abser recorder. Transects should be walked by
someone with a good knowledge of the British butterfly fauna.

The transect is walked at an even pace and the number of
butterflies which are seen flying within or passing through an
imaginary box, 5 m wide, 5 m high, and 5 m in front of the
observer, are recorded by species for each section of the transect,
using the forms provided. Start time is recorded, as are the
temperature, percentage sun and wind speed at the completion of
the transect. Percentage sunshine is also recorded section by
section as the transect progresses.

0.5-1.5 hitransect (depending on transect length) for 26 weeks
each year

LB Woiwod

Hall, M.L. 1681, Butterfly Monitoring Scheme, Instructions for independent
recorders. Cambridge: Institute of Terrestrial Ecology.
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SPITTLE BUGS

Tp estimate an index of nymph density of two species of spittle
bug (Neophilaenus lineatus and Philaenus spumarius) and to
estimate the proportions of colour morphs of the adults of P.
spumarius

Two species of spittle bug, Philaenus spumarius and Neophilaenus
lineatus, are both widespread and cormnmon throughout the United
Kingdom. Their nymphs, which are xylem feeders, are surrounded
by a mass of froth or spittle which the nymphs produce by forcing
air into a fluid exuded from the anus, As well as providing some
prosection from predators, the presence of the spittle makes the
nymphs visible and therefore relatively easy to sample. Thereis a
solid background of published ecological work on these species
both at lowland and at upland sites {eg Whittaker 1965, 1969, 1970,
1971). In addition to estimating an index of nymph density, the
Protocel involves the sampling of colour morphs of P spumarius
acuits. The colour polymerphism is mainly determined by a
series of closely linked genes; it is likely that the proportions of
morphs are environmentally determined (Whittaker 1968) and will
therefore be good indicators of environmental change.

Populations of P spumarius, which occurs on dicotyledons, and N
lineatus, which occurs on monocotyledons, should be monitored
annually Counis of the spitile produced by nymphs of these
species are used as an index of nymph density. In addition, the
proportions of the different colour morphs of adult 2 spumarius
should be estimated at each sampling location once each year.
Monitoring of spitiles should preferably be on the TS5 but
otherwise on an arez at the site where they are known to cccur.

Equipment

For supplier of sweep nets, please see Appendix II. Quadrats are
easily made from wood or metal.

Nymphs
Location

In mid-June 20 quadrats, each 0.25 m?, are placed randomly in
permanent grassland or in natural vegetation in the vicinity of the
TSS. They are marked, their positions recorded, and they are re-
visited annually, If a permanent grid is available this can be used
in conjunction with random numbers to place the quadrats.
Otherwise quadrats can be thrown ‘randomly’, making sure that nno
visual reference is made to the vegetation. If monocotyledons and
dicotyledons have distinctly different spatial distributions at the
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site, 20 samples should be taken in each vegetation type,
recording P spumarius from the quadrats containing dicotyledons
and N. Jineatus from those containing monocotytedons,

Sampling

The number of spittles occurring in each quadrat is counted
separately for dicotyledons (P spumarius} and monoccotyledons (N,
lineatus).

In addition, a random sample of 50 spittles of each species is taken
to correct quadrat samples for the mean number of nymphs per
spitle. This is done by throwing the 0.25 m quadrat without visual
reference teo the vegetation or spittle presence and then remeving
all spittles within the quadrat, keeping separate those spittles
collected from monocotyledons (N, lineatus) and dicotyledons (£
spumarius). This is repeated until enough spittles are found. If
spittle density is low, ie most of the quadrats have no spittles, then
the first 50 spittles of each species encountered can be used,
making sure that there is no bias towards large, conspicuous
spittles. These samples are preserved for counting and
determination in the laboratory. Nymphs are preserved using a
mixture of 70% alcohol, 5% glycerol and 25% water. - An absolute
minimum sample of 30 spittles of each species is required.

Adults
Location

In late August, sweep net samples of adults are taken in the vicinity
of, but not direcily on, the TSS. Sampling must be in the same area
each year and must be done when the vegetation is dry.

Sampling

A minimum of 50 individual adults of £ spumarius is required.
Samples should be stored dry, for later determination, in smaii pill
boxes which are then stacked inside a larger container 1o which
naphthalene is added. Each adult is allocated to one of the colour
morphs using the methods explained in Appendix II; the numbers
of males and females allocated to each morph type are recorded
separately and the identified specimens should be stored for future
reference and confirmation.

Spitile counis 2 hisitefyear
Sweep netting 1 h/sitefyear

J.B. Whittaker
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AppendixI  Identification of colour
morphs of Philaenus
spumarius

Specimens of the common morphs of Philaenus are provided for
each ECN site as a guide to identification of the collections.

The spectmens are labelled as follows.

I POP populi 7 PRA  praeusta

2 TRl trilineata 8 LAT  laleralis

3 MAR marginella 9 QUA  guadrimaculata
4 FLA  flavicollis 10 ALB  albomaculata
5 GIB gibba 11 LOP leucopthalma

8 LCE leucocephala 12 TYP fypica

Some points regarding morph identification need to be stressed.

* You will not be able to assign every specimen to one of the
lustrated morphs.

*+ Freshly emerged specimens are referred to as teneral, and may
be soft and of a greenish straw colour; the integqument hardens
quite quickly but it takes some time for the darker pigments 1o
develop fully.

« Thigure 13 lustrates the dark parts as black but this will not
always be so. You may find many specimens where the colour
has not reached its full development of intensity and others
which are brown or dark brown rather than black. It is not the
intensity/density of the colour which is important but the
distribution patiern of that colour.

* Surprisingly one of the most difficult morphs to distinquish
accurately is typica. In most parts of England {ypica is the most
abundant morph (between 50% and 90% of the population) so
you should soon become familiar with it. Note that in Figure 13
the dark areas are indicated by stippling. This is deliberate.
Look for a zig-zag pattern consisting of stippling, concentrated
into narrow, variegated bands, giving the appearance of cross-
gartering. Pale specimens of the two four-spotted morphs
flavicollis and quadrimaculata are very easy to confuse with
typica; look for the contrast between the areas of solid dark and
pale colour in these two morphs and the pale diamond half way
along the centre line of the elytra in typica.

« Specimens of praeusta are difficult to come by because this is
the scarcest of all the morphs, but it is so distinctive that you
should have no difficulty in recognising it if you find it,
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Figure 13. Colour morphs of Philaenus spumarius
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All the illustrations show the eyes as white, indicating that they
are pale. Many of the reference specimens collected to provide
you with reference material have dark eyes and you may find
dark-eyed specimens yourself. We have disregarded eye colour
in selecting reference specimens and even some of the
leucopthalma have dark eyes. If you come across dark-eyed
specimens, assign them to the morph which they would
otherwise fit.

Some practical tips

You will need good illumination such as an anglepoise or sirnilar
desk lamp.

Specimens can be quite easily handled with a small (size 1)
paint brush with which they can either be pushed around or
picked up by entanglement of the legs.

Females are much easier to identify than males. Start by sorting
your collection into separate groups of males and females. To
assist with this the reference specimen of typica is a female and
the trilineata is a male (the other morphs are a mixture of sexes).
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By eye
Divide your group of females into four sections

Pale specimens Dark specimens with pale fronts
trilineata Dark specimens with dark fronts

Having sorted into the four groups start with the pale-headed dark
group and split it into marginella, leucocephala and spotted forms.

Then split the entirely dark group inte lateralis, leucopthalma and
spotted forms.

There will be some specimens in both groups that you will not be
able to ‘rough sort’ by eye.

Using a lens {a x-10 hand lens is quite sufficient)

Check ALL the specimens, group by group, starting with the dark
ones which you have just sorted into morphs. You will probably
find that one or two have been sorted into the wrong morphs and
you can now correct this and also sort the ones which were not
separable by eye.

Using the lens, return to the group of pale specimens which you
sorted first. Some of these will now turn out to be immature
specimens of the darker morphs but under the lens you should be
able to see the beginnings of the patiern.

Having dealt with the females, now sort the males in the same way.
This will not be quiie so easy but having 'got your eye in' with the
females will help considerably. Keep the results for fernales and
males separate for entry on the recording form.

In recording your results the most important distinctions to make
are into the groups:
Pale {typica, populi)
Striped (trilineata, marginella, lateralis together with praeusta)
Melanics (the rest)
but be as accurate as you can.

IS Protocol
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Appendix II Equipment details

Supplier Sweep nets (Catalogue no. E679) are obtainable for approximately
£50 fromt:

! Watkins & Doncaster
The Naturalists

. Four Throws

! Hawkhurst
Kent TN18 5ED, UK

\_“I.? Protocql
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Aim

Rationale

Method

GROUND PREDATORS

To monitor the abundance of ground beetles (Carabidae} and to
record features of Pterostichus madidus and Mitopus morio
which may respond to environmental changes

In addition to monitoring phytophagous invertebrates such as
moths, butterilies and spittle bugs, it has been thought desirable to
include a group of predatory species which might amplify changes
in their prey or respond in some other, different way to
environmental change. The ground beetles (Carabidae) are the
obvious choice, being a group which is taxonomically tractable and
for which an appreciable body of reliable biological information
already exists {eg Thiele 1977). Pitfall trapping has been used
extensively and successfully for this group, and a well-developed
protocol already exists (M.L. Luff, pers. comm.). Even though it is

_known thai problems exist in interpreting data from such traps,

active programmes of standardisation are in progress. Analyses of
existing data have already shown that carabids can be sensitive
indicators of changes in management (eg Eyre et al. 1989). Many
beetle species are known to be sensitive to temperature changes
(Thiele 1977) and one species, Pterostichus madidus, has leg-
colour morphs which may be sensitive to climate change (Terrell-
Nield 1992); morphs of this species will be recorded separately.
The ubiquitous harvestrnan, Mitopus morio, which has features
which may respond to environmental change, will also be collected
from the pitfall traps.

The method will, in general, conform with that developed by Dr
M.L. Luff of the University of Newcastle upon Tyne. At each site, in
or adjacent to the TSS, a pitfall trapping system should be instituted
to sample Carabidae (ground beetles) and the ubiquitous opilionid
{Harvestmen) Mjiopus morio. Adult crane-flies caught in the traps
should also be retained in order to check their identification
against the larvae extracted in soil cores (see separate Protocol for
Tipulidae). It will be necessary 1o measure the length of the
second femur of M. morio; this changes with altitude and latitude
and may react to environmental change. All carabid beetles (not
just Carabus spp.) are of interest.

Equipment

The pitfall traps are polypropylene cups, 7.5 cm diameter x 10 cm
deep (see Appendix I for supplier). A wire netting cage, made
from chicken wire with a mesh size approximately 15 mm x 20 mm
and approximately 70 mum high, is clipped to the rim of each trap
50 as to reduce the number of small marmmals inadvertenily caught
in the: traps. Each trap should have a cover which can be made
cheaply from 5" diamneter plant pot saucers and galvanised wire,
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This helps o prevent heavy rain from flooding the traps, keeps
birds from interfering, and helps in their re-location.

Location

Three transects shoutd be selected, preferably within different

| vegetation types and including the TS5, Transects should not be

: placed where catile have access. Ten pitfall traps should be

E established in each transect, with 10 m spacing between the traps.
! If possible, transects should be approached from different
directions when attending to traps so as to avoid trampling damage
to the vegetation. If rampling is having an obviously deleterious
long-term effect on the vegetation, a trapline can be moved each
year but returned to the original positon every three years. Any
movement of traplines should be recorded and information sent to
the Central Co-ordination Unit.

Sampling

The traps are set out on the first Wednesday in May and are then
emptied and replaced fortnightly for 13 sampling perlods until the
end of Qctober. Blue antifreeze is used as preservative, this can be
bought from wholesalers in 25 litre drums at a cost of about £30; it
is decanted intc 1 or 2 litre bottles for use, The undiluted
preservative is poured into each trap to a depth of about 3 crm; if
diluted by rain, the catch remams in the heavier, undiluted
preservative at the bottom of the trap.

Pre-filled replacement traps with marked lids are taken to the
sample site. Each irap to be replaced is removed from the hole and
the new trap with its lid is placed in the hole, its seating is checked,
and its lid removed and placed on the trap containing the catch.
Traps may be stored at 4°C prior to emptying.

The catch should be stored at 4°C prior to sorting, but if sorting
cannot be undertaken in less than three days after collection the
catch should be transferred to 75% alcchol to avoid deterioration of
1 the sample material. To sort, the contents of the trap are poured
through a 1 mm mesh, 10 cm diameter test sieve (see Appendix |
for supplier). The antifreeze is collected in a beaker placed
beneath the sieve and is then poured back into a 5 litre aspirator
for future use. The traps are rinsed with water to ensure that any
adhering dirt which may contain beetles is washed through the
sieve. The steve is then inverted over a 10 cm diameter
crystallising dish and the contents are washed into the dish with
water. The taxa of interest are extracted carefully on a large white
plastic tray under good light and adequate ventiiation into
individually labelled vials containing a mixture of 70% aicohol, 5%
glycerol and 25% water, Particular care must be taken not to
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damage or remove legs of Mitopus morio specimens which are
needed for measurement. The catch is labelled by writing the
ECN site identification Code, trap number and collection date on a
piece of paper which is then placed in. an empty, plastic-stoppered
Scm x 1.2 cm specimen tube which is dropped into the storage
bottle. The catch can now be stored for subsequent identification.
Records of the catch from each trap should be kept separate until
after identification, when the catch from ten traps can be bulked
and stored.

Emptying traps 1 h/month
[dentification (for an experienced identifier) 10 h/month

LE Woiwod and J.C. Coulson

Eyre, M.D., Luff, M.L. Rushton, S.P. & Topping, C.]. 1999 Ground beetles
and weevils (Carabidae and Circulionidag) as indicators of grassland
management practice. journal of Applied Entormology, 107, 508-517.

Terrell-Nield, C.E. 1992, Distribution of leg-colour morphs of Prerostichus
madidus (F) in relation to climate, In:The role of ground beetles in ecological
and environmental studies, edited by N. Stork, 39-51. Andover,
Hampshire: Intercept Lid.

Thiele, H-U. 1977. Carabid beetles in their environments. Berlin: Springer-
Verlag.
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AppendixI Equipment details

Pitfall traps can be obtained from:

AW QCregory & Co Lid

Glynde House

Glynde Street Tel: 0181 690 3437
London SE4 iRY, UK Fax: (0181 680 0155

Test sieves are obtainable from:
Endecotts Ltd

9 Lombard Road
London SW19 3TZ, UK
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Reference

VERTEBRATES

To monitor changes in populations of selected groups of
vertebrates

It is recognised that different organisms are likely to ‘filter’ the
environment in different ways and that, to provide relevant data, an
environmental monitoring programme should, ideally, focus on a
range of organisms, eg endotherms as well as ectotherms, and
organisms with different generation times (Whittaker 1990).

There are many wild, breeding vertebrates in the UK which could
be included in this range of organisms and whose populations are
likely to be affected by changes in climate, land use and pollution.
However, there are considerable difficulties asscciated with
attempting to assess their numbers and this aceounts for the
general dearth of information on population trends in most
vertebrates. Birds are an exception in that they are relatively easy
to observe, most are diurnal, and they are ideniifiable both by
sight and by sound. Mammals are more problematical, often
being most active at dawn, dusk, and during the night, when
observation is most difficult, but an index of their local populations
can in some cases be obtained by counting droppings, eq in
rabbits and deer, both of which are widespread herbivores. Bats,
though crepuscular, can be counted by electrenic interception and
recogmnition of their echo-sounding. Frogs are ubicuitous
predatory amphibians and, although adult populations are difficult
to monitor, it is possible to assess significant changes in
populations by counting egg masses.

Whittaker, ].B. 1990. Technical aspects of detecting change: animals. In:
Environmental Change Network (ECN). Repor!t of a Workshop on the
Terrestrial Network, edited by O'W Heal, ] M. Sykes & G. Howson, 32-36.
Grange-over-Sands: Institute of Terresirial Ecclogy.
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Aim

Rationale

Method

BIRDS

To record the annual distribution and abundance of breeding
birds within selected areas of ECN sites

Observations of the devastating effects of agricultural pesticides
on bird populations during the late 1950s and 1960s strengthened
the view that only objective, regular and scientific monitoring of
birds can give an insight into the changing situation of different
species. It was also realised that such monitoring can also reflect
perturbaiions affecting the wider envircnment which ultimately
threaten man. Birds are relatively easy to observe and are thus
good subjects for a monitoring programme. Moreover, the large
number of bird species, over 200, which breed in the United
Kingdom have different feeding patterns and occupy many
different habitats, making it likely that at least some species will
react {0 particular environmental changes of whatever type. Itis
well recognised that bird populations are affected by many man-
induced factors in addition te pesticides and other agro-chemicals.
Land use changes such as drainage and afforestation affect both
nesting sites and food availability. Birds are also affecied by
variations in climate and in particular by periods of severe
weather, either in the UK, for species over-wintering here, or in
other countries for migratory species.

Whilst it is unrealistic to expect monitoring schemes to be able to
identify the causes of population changes, they can be expected to
provide an indication of the factors most likely to be responsible
and allow unlikely hypotheses to be rejected quickly (Baillie 1890).

The British Trust for Crnithology (BTQ) is responsible for
organising surveys and providing annual indices of population -
changes for British breeding bird species. Until recently there
have been two major schemes, the Common Birds Census (CBC)
and the Waterways Bird Survey (WBS), both of which use a
territory mapping method and involve fieldworkets in making
about ten visiis to their usually subjectively chosen survey plot
throughout the breeding season. The CBC (Marchant 1983) has
been used for farmland plots, usually areas of at least 40 ha, and
semi-natural woodland areas of at least 25 ha, since 1962 and is
appropriate for many ECN sites, data from which can be placed in
the wider regicnal and national context. Some ECN sites already
had CBC surveys in operation when the ECN programme was
initiated in 1993.

The CBC method, described below in more detail (see BC
Protocol), is inappropriate for some bird species, particularly the
waders, which breed on meoerland. Some ECN sites have large
areas of moorland and at these it has been necessary.to adopt an
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alternative survey method devised for monitoring waders in the
British uplands, supplemented by CBC methods for passerine
species. This method is described below (see BM Protocal).

As a result of field trials carried cut over the last several years, the
BTO is in the process of replacing the CBC with a new census
method based on counting breeding birds cbserved in randomly
selected 1 km squares of the National Grid (BTO 1985). This new
method, the Breeding Bird Survey (BBS), is therefore more
representative of the countryside as a whole and is less labour-
intensive than CBC, both in the field and at the analytical stage.

The BTO intends to run the CBC and BBS in parallel for several
years so as 10 maintain continuity and to provide a smooth transition
from one system to the other.

ECN wishes to retain the advantages of linking to the national
scheme for censusing breeding birds and therefore plans to
convert to the BBS scheme, which will be appropriate for all ECN
sites. In 1996, ECN will start a five-year period of overlap, using
both CBC and BBS methods at the ECN lowland sites, and both the
ECN moorland breeding bird method (see BM Protocol below) and
BBS at upland sites. The BBS method, described below (see BB
Protocol), is thus expected to completely supersede existing
methods at ECN sites in the year 2001.

All observers using any of the methods described below must be
competent to identify readity by sight and by sound all species
likely to occur at an ECN site.

Ruthor M Sykes

References  Baillie, S.R. 199¢. Integrated population monitoring of breeding birds in
Britain and [reland. Ibis, 132, 151-166.

British Trust for Ornithology. 1995. Breeding Bird Survey instructions.
Thetiord: BTC.

Marchant, ]. 1883. BTO Common Birds Census instructions. Tring: British
Trust for Ornithology.

BI Protocol
124



‘BC Protocol

Aim

Method

Common breeding birds

Tb record the annual distribution and abundance of breeding
birds within selected areas of ECN sites

The Common Birds Census, operated by BTO, was started in 1962
following trials in. 1961, with the aim of menitoring bird population
numbers, chiefly-on farmland where the growing use of agricultural
chemicals and the accelerating rate of hedgerow destruction was
causing particulaf concern. Later other habitats, notably
woodland, were included in the scheme. CBC uses a mapping
method in which a series of visits are made to all parts of a defined
plot during the breeding season, and contacts with birds by sight
or sound are recorded on large-scale maps. [nformation from the
series of visits is combined to estimate the number of territories
found. Maps of the same plot from different years can be used to
assess changes'in species densities and to relate these to changes
in habitats. CBC results also provide indices of population change
for those species which aré sufficiently numerous to provide large
samples when'considered across the sites participating n the
scheme. At ECN sites the method will provide information on year-
to-year changes in species abundance and allow the sites to be
linked to equivalent regional and national patterns.

The method described below sumrnarises the procedures set out
in the instructions io BTO observers (Marchant 1983), from which
publication further details may be obtained.

Location

The census is carried out in a plot which, for CBC purposes,
should be a minimum of 40 ha in farmland {arable, horticultural or
grazing land except unenclosed sheepwalk) and 10 ha in
woodland (semi-natural broadleaved and mixed woodland,
excluding parkland, scrubby heathland and even-aged coniferous

| plantations). These areas should also be targets for ECN sites,

though it is recognised that it will sometimes be impossible to
achieve the minimum size. Edge effects, which give rise to inflated
estimates of territory density, should be minimised by reducing the
edge/area ratio as far as practicable.

Plot boundaries must be clearly discernible features, such as
permanent landscape features or an artificially marked grid.

The boundaries of the plot are marked on a 1:2500. map, together
with internal detail such as tracks, buildings, hedges; isclated trees,
and other easily distinguishable features. If there are insufficient
natural features to enable the observer's position to.be judged
accurately, the area should be gridded at 50 m intervals and the
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grid positions marked 50 as to be easily visible and semi-
permanent.

Sampling
Habitat recording

Habitat recording enables bird populations to be related to habitat
features and to changes in those features, Habitat features of the
plot, and extending for 50~100 m beyond the plot boundaries, are
recorded on a map before the start of the first year's recording.
Important changes in habitat which occur either during the
recording year or from year to year are mapped separately.
Instructions for habitat description are provided (see page 174).

Frequency and timing

Ten visits should be made between mid-March and late June at
southern sites, though these times will need io be adjusied further
north. Visits should be spaced evenly through the season and
weekly visits are ideal. A complete visit will take approximaiely 3—
4 hours. Itis suggesied that eight morning visits, starting before
0500 BST, should be combined with two early season evening
visits, starting after 1700. Cold, windy and wet days are 10 be
avoided and on particularly fine days an early start is advisable.

Bird recording

The objective of the observer is to mark on the map the location
and movements of every bird present or flying over during a visit,
but to record each individual only once, A standard list of
conventions for species and activities is provided (see pages 177-
178} to allow clear and unambiguous recording by observers,
Some species are treated differently, as follows.

1. Grey heron (Ardea cinerea;, rook (Corvus frugilequs), sand
martin (Riparia riparia), feral pigeon {Columba livia), and all
gulls and terns: if nesting, active nests are counted or estimated
and recorded on the map; if present but not nesting, their
presence is noted on the margin of the relevant visit map.

2. Wood pigeon (Columba palumbus), swift (Apus apus), swallow
(Hirundo rustica), house martin {Delichon urbica), magpie (Pica
pica), jackdaw (Corvus monedula), carrion crow {Corvus
corone corone), house sparrow (Passer domesticus) and starling
(Sturnus vulgaris): these species are censused by a nest count
on the plot, or by a combination of nest counts and normal
regisirations.
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3. Fieldfare (Turdus pilaris), redwing (Turdus iliacus), brambling
{Fringilla montifringilia) and other comrmon winter visitors will
be ignored.

Coverage of the plot should be as even as possible, but more time
should be allowed for areas where bird density is higher. The
direction and starting point of the route should be varied between
visits, A code identifying the visit, the date, starting time, and
weather are recorded at the start of each visit; finishing time and
the extent of plot coverage are recorded subsequently.

In farmland, progress can be quite fast because the number of
birds detectable from any one point is usually rather limiied, but
the route should take the observer at least once along every major
internal hedgerow, as well as completely around the perimeter of
the plot. In woodland, a route should be followed which takes the
observer within 50 m of every part of the ploi at least once during
each visit, and a compass may. be necessary to enable the
observer 1o follow a marked grid line. The majority of contacts in
woodland will be-by sound.

Separate species maps are compiled at the end of the season,
combining the information from each visit to show the location of
birds of the same species on different visits. These are
subsequently analysed to show the number of territories occupied
by different species.

Buthor [ M Sykes (from Marchant 1983)

q

f

Reference 1 Marchant, J. 1983. BTO Comumon Birds Census instructions. Tring: British
| Trust for Ornithology:
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Aim

Method

Moorland breeding birds

To record the annual distribution and abundance of breeding
birds within selected areas of ECN sites

Research on moorland kird populations indicates that the
number of breeding pairs can be assessed with confidence for
the waders, but that, among the passerines, twite (Acanthis
flavirostris), skylark (Alauda arvensis) and meadow pipit (Anthus
pratensis) present some difficulties. Most of the changes in
breeding numbers of moorland birds seem 1o stem from
differences in habitat conditions, weather conditions and food
availability, though much debate persists about the additional or
compounding effects of predation, parasitism and disease. The
methodology described below provides a well-tested means of
assessing numbers of breeding birds on mocrland.

Licences to disturb breeding birds listed under Schedule 1 of the
Wildlife and Countryside Act (1981) should be obtained from
English Nature, Scottish Natural Heritage, Countryside Council
for Wales or the Departmeni of Agriculture for Northern Ireland.

Location

The survey is based on a representative group of | km? units of
the Naticrial Grid. The area to be surveyed will depend on the
size of the ECN site and on the consistent availability of staff to
carry out this activity on the same area each year. A survey area
of 4 km? (2 km x 2 ki) may be expected to require at least one
man-day's work per visit. On enclosed land this is approximately
equivalent to a search intensity of cne minute per hectare. Each
of the 1 km?units to be monitered is divided into four sub-
squares, each 0.5 km x 0.5 kam, which are marked so as to be re-
locaiable in future surveys. This eases navigation and ensures
that all parts of the kilometre square(s) receive equivalent
amounts of search effort.

Sampling
Frequency and timing’

Each subsquare is surveyed twice during spring/summer by a
single observer. The first visit should taeke place between early-
April and mid-May. The second visit should take place between
mid-May and end-June. These times may need to be changed,
being earlier if there is an early spring and later if spring is late.
The survey should be carried out only between 0830 and 1800
BST, thus avoiding periods when the detection of birds is
unreliable. The survey should be carried out when wind strength

128



e ————

is 1ess than Beaufort Scale Force 5; there should be good visibility,
and no persistent precipitation.

Mapping method

Within each subsquare 20-25 minutes should be spent surveying
the entire subsquare thoroughly by walking about it in such a way
that all parts of the square are approached to within 100 m. On the
second visit, subsquares should be visited in the reverse order to
that used on the first visit. The observer should stop at regular
intervals, scan and listen. Atiention is focused on obtaining proof of
breeding (see below) and on distinguishing individual pairs of
birds.

Apart from red grouse (Lagopus lagopus scoticus), skylark,
meadow pipit, twite and carrion crow, the locations and activities of
all species should be recorded separately (see Chapter 3, page
173) for each of the two visits ont a 1:25 000 or 1:10 000 map using
the notations of Marchant (1983): the date and siarting time for
each subscuare should be recorded on the back of the map. Birds
are considered to be breeding if any of the following activities are
observed:

= song or display;

+ birds carrying nesting material;

« nests or young birds found or chicks heard,

« adults repetitively alarmed, indicating nearby nests or young,

« adults giving distraction displays; '

= birds carrying food;

» birds in territorial dispute.

All data are transferred from field survey maps to summary visit
maps. Where several individuals are present in an area, and it is
impossible to determine the number of pairs they represent in the
field, individuals are judged to be representative of different pairs
only if the distance between them is greater than 500 m (or greater
than 200 m for dunlin (Calidris alpina) and passerines). In these
instances, where twg individuals are considered to constitute a
‘pair’ of birds, the pair’s location is placed centrally between the
two individuals.

Individual red grouse, skylarks, meadow pipits, twite and carrion
crows are counted within each 1 km square only on the first visit.

Population estimates

Maps produced on both visits are considered together in
assessing the records for population estimates and in producing
distribution maps. For all species other than dunlin and
passerines, breeding pairs are considered to be separate from one
another onlty if more than 1 km apart on different visit maps. For
dunlin, this distance is reduced to 500 m, and for passerines it is
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recduced to 200 m. Where pairs are judged to be the same (ie less
than these distances apart), their locations are mapped as being
half-way between the mapped observations of pairs on the two
individual visit maps.

The distribution maps can be related to habitat and topographical
information collected for the site.

A full description of the method is provided by Brown and
Shepherd (1993).

D.B.A. Thompson and A.F Brown

Brown, AF. 199]1. An annotated bibliography of mooriand breeding bird
and breeding wader surveys, 1970-1990. (Report no. 8.) Peterborough:
Joint Nature Censervation Committee,

Brown, A.F. & Shepherd, K.B. 1653. A method for censusing upland
breeding waders. Bird Study, 40, 189-195.

Brown, A.F. & Stillman, R.A. 1993, Bird habitat associations in the eastern
Highlands of Scotland. Journa! of Applied Ecology, 30, 31-42.

Marchant, J. 1983. BTO Cormmon Birds Census instructions. Tring: British
Trust for Ornithology.

Thompson, P.5. & Thompson, D.B.A. 1681, Greenshanks (Tringa

nebuarid) and long-term siudies of breeding waders. Ibis, 133 (Suppl.1),
99-122.
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Method

Breeding birds

To record the annual distribution and abundance of breeding
birds within selected areas of ECN sites

The Breeding Bird Survey is a key component of the Integrated
Population Monitoring Programume operated by BTO. It aims, inter
alia, to provide information on year-to-year and longerterm
changes in population levels for a wide range of breeding birds
across a variety of habitats throughout the United Kingdom. The
scheme was designed to overcome the limitations of its forerunners
(CBC and WBS) by:

i. selecting sample sites randomly,

ii. increasing the number of sample sites,
iii. using counts instead of mapping territories, thus

iv. reducing the sampling effort at each site, whilst

v. Improving representativeness.

The method described below summarises the procedures set out
in the instructions to BBS observers (BTC 1985), from Wthh
publication further details may be obtained.

Location

At sites where the CBC methed (BC Protocol) has been used
praviously or is still in use during the overlap period, at least one: 1
km scuare, but preferably more, should be selected at random
from those squares containing part of the former survey area. At
moorland sites, where the BM Protocol has been used previously or
is still in use during the overlap period, the same squares should
be used as were used previously. At sites where neither BC
Protocol nor BM Protocel has been used previously, at least one 1
kmn square, but preferably more, should be selected at random
fromn all available squares.

Sampling
Transect establishment

Birds are counted on transect lines. In each 1 km square there
should be, ideally, two parallel ransect lines, oriented north/south
or east/west, each | km long. Transect lines should be 50C m apart
and 250 m from the edge of the square. Each transect ling is
divided into five equal sections of 200 m, to provide a total of ten
consecutively numbered sections. The start of each section should
be marked, using either permanent landmarks or easily visible
temporary markers. [n practice, the transect line may need to
deviate from the ideal because of the need to aveid barriers and
this is acceptable if the diversion does not result in the two lines
being closer together than 200 m. Minor intrusions into adjacent

131



BB Protocol

squares are also acceptable where they provide the only practical
way to carry out the survey. The exact route taken by the transect
lines is marked on a map. The same route is followed every year.

Habitat recording

Habitat recording enables bird populations to be related 1o habitat
features and to changes in those features. Habitat features are
recorded separately at the beginning of each recording year for
each 200 m section of the transects, taking into account habitats
occurring within 25 m of each side of the line. A form is available
for the recording of habitat features, identified by code numbers
(see page 180). Important changes in habitat which occur during
the recording year are also noted on the recording form.

Habitat codes allow the description, for each section, of both the
predeminant habitat, termed the first habitat, and a second habitat
if this exists. For each habitat one habitat code is chosen from each
oflevels | and 2, and up to two from levels 3 and 4 of the habitat
classification.

Where the actual transect route differs from the ideal of two parallel
transects, the average distance from the ideal is estimated and an
additional, separate, list of habitat codes for the ideal transect is
also recorded.

Frequency and timing

In the lowlands of southern Britain, the main part of the breeding
season, roughly between 1 April and 30 June, should be divided
into two counting periods, early-Aprit to mid-May and mid-May to
late June, and one visit should be made in each period. Visits
should be at least four waeks apart. The first should coincide with
the main activity period of the resident breeding birds in the area,
whilst the second should take place after the arrival of the latest
migrant breeding birds. Visits should be made later at sites which
are further north or at higher altitudes.

Counts should be made in the morning, starting ideally between
0600 and 0700 BST, and no later than 0800. The starting time
should be consistent both within a breeding season and between
years.

Counting should not be attempted in conditions of heavy rin, poor
visibility or strong wind, and prevailing weather conditions should
be recorded on the forms provided.

Bird recording

All birds encountered whilst the observer walks along the two
transects are recorded. The first transect line (sections 1-5) is
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walked at a slow and methodical pace, stariing from the chosen
starting place, and noting the starting time of the ransect. After
completing the first ransect line, bird recording stops, the time is
recorded and the observer moves io the start of the second
transeci line (sections 610}, where the time is recorded and bird
recording re-starts. An average visit should take approximately 90
minutes,

The observer should pause briefly and listen for bird songs and

scan for birds flying overhead whilst walking along the two linear

transects. All birds seen or heard are recorded on the field

recording forms in the appropriate transect sections, 1-10, and in

one of the following four categories:

1 within 25 m either side of the line;

2 between 25 m and 100 m either side of the line;

3 3 more than 100 m either side of the line, including birds outside
sthe 1 ki square boundary; or

F birds in flight only (at any distance).

The distances are estimated at right-angles to the line and
observers should familiarise themselves with estimating the 25 m
and 100 m distances before beginning fieldwork. A bird seen 200
m ahead of the observer but close to the transect line should be
recorded in Category }. Category F relates to birds flying over. If
a bird is seen to take off or land, it should be recorded in the
appropriate distance category (1-3) at that position. The same
individual bird should not be recorded twice.

Standard BTO species codes should be used (see page 177) and
this requires the observer to be familiar with the codes of the
species most likely to be encountered. Juvenile birds should be
distinguished ffom adults in species where this is possible.

Birds nesting in dense colonies within the square (rook, sand
martin and gulls) will not be adequately censused by the standard
method and observers should count or estimate the number of
nests in the whole 1 km square. Colony counts should be
conducted separately from the transects and only for the species
listed above.

Following each field visit, observers should produce summaries of
the number of adult birds of each species seen in each distance
band of ihe ten sections of each transect (see page 181).

JM. Sykes (from BTO 1995)

British Trust for Ornithology. 1995, Breeding Bird Survey mstructions.
Thetford: BTC.
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BATS

To assess bat activity and usage of habitat types, and to monitor
changes in bat numbers at ECN sites

There are 15 species of bat, the only flying mammal, which are
considered native to Britain where they are ubiquitous predators of
insects. Bats are known to be sensitive to changes in the
environment, their numbers having declined significanily during
the present century through a combination of loss of habitats, roost
sites and food supply, and by increased frequency of disturbance.
Bats are therefore believed to be useful indicators of environmental
change. Considerable national and international interest in and
concern for the future of bat populations has led to a number of
survey and menitoring schemes, including a recent survey in
Britain (Walsh, Harris & Hutson 1993). Current methodology is
somewhat limited in the amourt of information which it can provide
on the precise relationships between population levels and
environmental change; nevertheless, by linking ECN results to
those from more widespread menitoring programmes these
limitations can be minimised.

The method is based on that used in a Bats and Habitats Survey
organised by Prof § Harris and colleagues at the University of
Bristol for the Joint Nature Conservation Committee. It uses a
tunable bat detector to record bats in 1 kmn squares, notig the
positions along a pre-determined transect of all hats seen or
heard. Habitat features along the transect, and changes in those
features, are also recorded using a standard list.

Location

One or more kilometre squares are selected at the site. The
selection need not be at random, and a square which is reasonably
typical of the ECN site should be used. Selection should be
based on the practicality of safely walking aleng a transect which
crosses the square in darkness.

Using a map at 1:25 000 or 1:10 000, the square is divided into two
halve:s with either a north/south or an east/west line, depending on
which direction is easier to walk. For each half of the square, the
transect should go from the middle of one edge to the middle of
the opposite edge by a reasonably direct but practical route.
Where linear features such as field boundaries, hedges, streams
or fences can be used these should be followed, but where these
do not exist a straight line transect should be used. The chosen
route should be marked on the map, the starting and ending
positions of the two halves (A-B and C-D) being labelled, and the
observer should become familiar with the route during daylight as
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it will not be as obvious in darkness. In areas where hazards such
as ditches, cattle, etc, may pose a problem in the dark, it may be
desirable for the cbserver to have a companion. In any case
suitable safety precautions should be taken. in planning the
transect, the time taken wilt need to be checked, bearing in mind
that both halves of the transect must be walked on the same night,
and that the whole transect should be completed within 45-80
minutes. It should also be remembered that the walk will take
longer in darkness and that extra time will be needed when
stopping to record any bats seen or heard.

Sampling
Habitat recording

The transect is likely to follow linear features and boundaries
between habitat types. Although the chserver will not walk
through the middle of crops, it will be possible to walk straight
across a pasture, rough grazing, moorland, ete, and in such
circumstances there is no need to follow any linear features,
Having selected the transect, any linear habitat features from the
list provided {see page 183) are marked on the map, as are other
habitats occurring within about 20 m on either side of the transect/
linear feature being followed. If walking through a uniform habitat,
simply record the same habitat feature on both sides of the
transect. The habitat features are recorded on a separate 1:10 000
map using coloured crayons, and identified with the habitat code
numbers given on page 183. They should be updated annually.

Frequency and timing

The transect should be walked four times in each year, cnce In
each of the following three-week periods:

15 June — 6 July

T July — 27 July

28 July — 17 August

18 August — 7 September
Starting 30-45 minutes after sunset, the transect should be walked
steadily at the observer's chosen pace and extra time should not
be spent in areas which might be thought especially good for bats.
The starting point of the walk should be rotated, if this is
practicable, so that it is different on successive occasions. The
observer should aim to complete the whole of the transect in 45-90
minutes, including the time taken to get from one half of the
transect to the other, during which bats are not recorded

Surveys should not be carried out when rain is heavier than a light
drizzle or when there are strong winds, because bats may not be
flying in these conditions.
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Bat recording

The Batbox [Il tunable bat detector is recommended for use during
the survey, it is capable of recording significantly higher activity
than other available models. If the observer is inexperienced, the
output from the detector should be connected to a tape recorder so
that identification can be improved and confirmed by comparison
with a tape of bat calls which is available commercially The
detector should be tuned to 45 kHz and left on this frequency, as
this will pick up the largest range of bats. The frequency should
not be changed during the walk.

A separate copy of the map should be used for each evening walk,
even if no bats have been recorded on previcus occasions. At the
start and end of the survey, air temperature should be measured,
together with cloud cover on an eighths scale (clear sky= 0/8, total
cloud cover=8/8). The time at which the walk is started and ended,
and the start and end positicn of each transect are recorded. When
a bat is seen or heard, the appropriate symbol (see Chapter 3,
page 182) is recorded on the map and the walk continues
immediately, with no pause to listen for bats. A circle is drawn on
the map where each bat is detected. If the species can be
identified with certainty to one of the groups listed, the appropriate
letter code is added to the left. If a feeding buzz is heard, add a
letter ‘f' on the right of the circle, and if it is heard echo-locating but
a feeding buzz was not recorded, add a letter ‘h’; there may be
instances in which both suffixes are attached. Bats which are seen,
but not heard on the bat detector, should be recorded with a circle
and a letter ‘s’ to the right.

These categories are not mutually exclusive and more than one
may be recorded, eg;

Of bat of unknown species - feeding buzz heard
POs long-eared bat seen, not heard
Oh bat of unknown species heard echo-locating

NnOsh  noctule seen and heard echo-locating

Each bat pass consists of an unbroken stream of ultrasonic calls, or
for as long as a bat is continuously in sight. When the symbol is
marked on the map, the cbserver should be sure that it is clear in
exactly which habitat the bat was recorded. If there is a possibility
of confusion, a note should be added at the side of the map for
clanfication, If any bat roosts are known or suspected in the area,
these should be recorded on the map.

AL Walsh, S. Harris and A.H. Hutson
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RABBITS AND DEER

To monitor broad changes in the populations of rabbits and deer

Rabbits (Oryctolagus cuniculus) and deer (red (Cervus elaphus)
and roe {Capreolus capreolus)) are the mosi common wild
herbivores in the United Kingdom where they have a considerable
effect on vegetation structure and on plant diversity over very large
areas of both grassland and woodland. There are several
examples of ecosysterms in which these animals are the principal
determinanis of plant composition and structure, and therefore of
habitat for other organisms. Whilst it is important to know whether
numbers of either or both of these herbivores have changed
appreciably, there are no practicable methods of making direct
measures of their population size, and an index method based on
dropping counts is therefore used to estimate relative abundance.
The proposed recording method is expected {o detect changes
similar to those which have occurred in the past, such as the
dramatic fall and slow recovery of rabbit numbers following the
introduction of myxomatosis.

Location

It is recommended that the same transect used for ECN butterfly
monitoring (IB} should be used, extending it where necessary 1o a
length of 2 km. A second transect should be established which
covers major habitat types present at the site but which are not
encountered on the butterfly transect. This transect should be of a
length appropriate to the conditions; at agricuttural sites it should
be sited so as to include a field centre.

Sampling

In late March, and again in late September, droppings are counted
along the pre-determined {ransects to record the relative
abundance of rabbits {and deer if commeoen); it should be borne in
mind that zero counts may be important for comparison with future
counis. The existing butterfly transect will already have been
divided into not more than 15 sections based on discrete habitat
types or on subdivisions of the same habitat which are baing
managed differently and any extension should be divided in the
same way. The length of each section of the transect should be
recorded and the habitat type in each section should also be
described. The second transect should be subdivided and
recorded similarly All droppings within 1 m of the transects on
poth sides are cleared two weeks before recording is to take place.
At the time of recording the transects are walked again and
droppings within the cleared zone are counted and recorded.
Separate records are kept for each section of each transect.
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Recorders should ensure that they are able confidently to
distinguish between the droppings of sheep, where these are
present in the areas through which the transects pass, and those of
rabbits and deer.

Information about rabbit and/or deer control at the site, or on parts
of the site, by fencing, shooting, etc, should accompany the data,
together with information on the prevalence of disease.

J.C. Coulson
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FROG SPAWN

Tb record the phenology of the spawning of the common frog in
selected ponds and ditches by assessing the number of egg
masses, as an indicator of the ‘health’ of frog populations.

To identify any significant changes in those populations and to
measure some physical characteristics of the ponds which may
affect breeding success

The common frog (Rana temporaria) has been selected for
inclusion in the ECN programme as an example of a ubiquitous
predatory amphibian. Adult frogs feed mainly on insects, slugs
and snails but also eat woodlice and the larvae of moths and
butterfties. During the breeding season, frogs live in shallow
ponds and ditches, but spend much time on land during the rest
of the year. The frog population is therefore affected by conditions
on land as well as in the shallow water bodies in which they breed.
The changing status of frogs and other amphibians in Britain has
been studied and reported (Cooke & Arnold 1982); populations
have decreased, particularly during the 1980s (Cocke 1972), as a
result of agricultural drainage, modification of breeding sites, and
pollution by fertilizers and from other sources. In the last two
decades there has been an increased awareness of several effects
of the acidification of fresh waters by airborne pollutants and this
has generated a parallel interest in the effects of increased acidity
and concentrations of aluminium on larval amphibians (Cummins
1986; Beattie, Tyler-Jones & Baxter 1992). Numerous laboratory
studies have demonstrated sublethal and lethal effects of acid
conditions on embryonic and larval amphibians, and evidence of
acid-related stress and mortality has also been found under field
conditions (Curnrnins 1890).

It is difficult to monitor populations of adult frogs, but a rough
approximation of frog calony size in a pond can be cbtained by
counting the number of egg clumps and multiplying by two, this
assumes that each female produces one clump and that there is
an even sex ratio (Cooke 1875). Frogs usually spawn in shallow
water, up to about 15 ¢m depth, and the spawn masses and the
water in which they rest are therefore usually reasonably
accessible for monitoring purposes.

Equipment
A pH meter suitable for use in the field, and a maximum/minimum
thermometer are available from laboratory suppliers. Other

equipment, such as a water depth measurement pole, is easily
made.
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Location

One or more shallow ponds or wet ditches will be selected,
preferably those in which frogs are known to have bred in recent
years and which are situated conveniently for frecquent visits to
record stages in development.

Sampling
Biclegical

The time at which frog breeding starts in the UK varies greatly; in
sorne years it may begin during December in Cornwall whilst not
starting until April at high altitudes in the Pennines and in
Scotland. In a particular pond, however, annual variation in the
date of spawning tends to be rather small. Recorders will check
the pond(s) weekly from about | January, or from an earlier or
later date where local knowledge is available, to ascertain and
record the date on which male frogs congregate in the spawning
areas and begin calling. Thereafter the pond(s) will, if possible,
be visited daily until the first eggs have hatched. At sites where
daily visits are impossible, because of time and distance
constraints, visits should be made as cften as possible, with a
minimum of weekly visits, until the first eggs have hatched

A record is made of the date on which spawn is first seen, and on
subsequent daily or weekly visits the number of new spawn
masses which have appeared since the last visit are recorded.
Each new spawn mass is marked by carefully attaching a
coloured thread to its edge, using a large bodkin needle. This
will ensure that a mass is not counted twice. Newly deposited
egg masses can be recognised because the eggs are packed
tightly and the jelly capsules surrounding the embryos will not
have expanded. Threads can be removed from egg masses
which have been in the water for several days. The total surface
area of water occupied by the spawn masses will be estimated in
square metres. A percentage estimate of dead or obviously
diseased eggs will be made. Where visits are made less
frequently than daily, and in any case when the total number of
spawn masses exceeds 100, it will be impossible to count new
masses and ondy the total surface area of water occupied by the
spawn masses will be estimated in square metres, The date on
which embryos are first seen to have hatched from the eggs is
recorded. Once embryos have started to hatch, weekly visits
and recording (see next paragraph) are sufficient and will
continue untll newly metamorphosed frogs are seen leaving the
pond, or for a period of 16 weeks from the time when spawn was

first observed, whichever is the shorter.
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Physico-chemical

At the time when spawn is first seen on the pond a 250 ml water
sample is taken from the spawning area, using a botille which has
been rinsed in pond water before filling. Analysis of this sample
provides a means of characterising ponds across the network and
an arnual baseline against which any subsequent changes
chermnical composition of individual ponds can be assessed,
Conductivity and pH are measured on unfiltered water according
to methods in the ECN Initial Water Handling (WH) Protocol, which
also describes the method for filtering the sample. After filtering,
the water is analysed for dissolved Na*, K, Ca®*, Mg?, Fe?*, AP,
NH,”-N, CI, NO; -N, 80> -5, PO,* -, alkalinity and dissolved
organic carbon. If there 1s subsequently a high and unexplained
mortality of spawn or tadpoles, a further water sample is to be
taken for the chemical analyses specified above, as an aid to
explaining the cause of such mortality.

pH, temperature and water depth are important factors affecting
the breeding success of frogs and these will be measured and
recorded at weekly intervals between the date of first spawning
and the date when newly metamorphosed frogs are first seen
leaving the pond.

pH will be measured weekly at each of three re-locatable, random
positions immediately cutside the spawning area and close to the
edge of the pond at a water depth of 50 mm. Ideally, a field pH
meter should be used, its electrode being placed in the water with
its tip at a depth of 50 mm.

" A maximum/minimurn thermometer will be set up in an area of

open water immediately outside the spawning area by attaching

. the thermometer to a float so that it is held horizontally in the water

at a depth of 50 mm. A suitable float can be made from a sturdy
plastic bottle, its buoyancy being adjusted by adding water to
ensure that the thermometer is held at the correct depth.
Alternatively the thermometer can be attached to the lower surface
of an appropriately sized block of wood which {loats with the

thermometer in the shade. The float is attached to the bank with

cne or more lines so that is held in position. The water temperature
at the time of first spawning is recorded and the thermometer is
subsecuently read and re-set each week.

Water depth is measured weekly by placing a pole, graduated in
centimetres, in the water as near as practicable to the centre of the
area occupied by spawn.

R.C. Beattie, ] K. Adamson and J.M. Sykes
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INITIAL WATER HANDLING (WH)

To measure the conductivity and pH of samples of precipitation,
soil solution and river water and (o filter these samples prior to
chemical analysis

From the moment water samples are gathered they begin to
deteriorate as a result of chemical and microbiolegical processes.
Three methods of slowing this detericration are to be used in ECN
— filtration, cold storage, and (for Al and Fe determinations only)
acidification. Some of the activities detailed inl this Protocol require
laboratory training, experience, specialised equipment, and
compliance with health and safety requirements (eg diluting
concentrated acids); guidance or help from the chemists who will
perform the water analyses may also be required. Further
background and quality control procedures are given in the
documents referred to below.

Initial storage

Samples must be placed in cold storage, at a temperature between
1°C and 4°C, if the interval between collection and the
measurement of conductivity and pH is more than seven hours.
They should be returned to cold storage if filtering is not
completed on the same day as these measurements. If samples
are to be sent to another site for initial handling, they should be
sent on the day of collection by the speediest possible method.
Samples in transit must be placed in a cocl box with pre-frozen
cool blocks.

Conductivity measurement

Conductivity must be measured within 36 hours of collection on an
unfiltered subsample at & lemperature of 25°C according to the
method given by HMSO (1978). Results should be expressed to
one decimal place (0.1 p5 cm™).

pH measurement

pH must be measured within 38 hours of collection on an unfitered
subsample. The same subsample can be used both for
conductivity and for pH measurement, but conductivity should be
measured first and the subsample should not be returned to the
main sample after measurement. The method to be used is given
in HMSO (1888) which implies the use of separate glass and
reference electrodes. Results should be expressed to two decimal
places (0.01 pH unit).
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Filtering

TFiltering must take place within 80 hours of collection. The method
to be used is given in Appendix II. Filtering details should be
recorded, using the unique sample codes described in the
Protocols (also described in Appendix I of this Protocol). After
filtration the samples are to be analysed for dissolved Na*, K*, Ca?*,
Mg®, Fe*, AP, NH,*-N, Cl, NO; -N, SO,%*-8, PO,* -P, alkalinity and
dissolved organic carbon (DOC). DOC is not mandatory for
precipitation water and can be omitted. Separate documentation
is provided for chemical analysis {see AG Protocol) in which the
determinands are placed in an order of priority for those occasions
on which sample volume is insufficient to allow the measurement of
all determinands.

Storage prior to chemical analysis

Storage temperature should be between 1°C and 4°C. Analysis
should be completed preferably within 16 days of collection but
definitely within 28 days. If samples have to be sent to another
location for analysis, the pericd when samples are out of cold
storage should be minimised, for example by specifying next day
delivery and not despatching on a Friday:

Washing bottles
The methcd for washing bottles is given in Appendix I

J K. Adamson

HMSO. 1978. The measurement of electrical conductivity and the laboratory
determination of the pH value of natural, treated and waste waters. London:
HMSO.

HMSO. 1988. The determination of pH in Iow ionic strength waters, London:
HMSO.
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AppendixI  Filtering

* Filter funnel assembly — most modern fitter assemblies are
suitable, eg the Millipore Sterifil which holds 47 mm diameter
filters (Millipore catalogue no. XX11 047 GO)

»  Membrane filters (only) — Whatman, type WCN, pore size 0.45
mm, obtainable, for example, from BDH, catalogue no. (to fit the
above filtering system) 402/0723/04

+  (Class fibre filters - Whatman, type GF/C, obtainable, for
example, from BDH, catalogue no. (to fit the above filtering
system) 234/0856/11

+  Vacuum pump - a pump capable of maintaining a vacuum of
approximately 0.5 bar

All parts of the filter funnel assembly must be thoroughly rinsed
with deionised or distilled water before the first sample and
between subsequent samples. The filters and the surfaces of the
filter assembly which come mnto contact with the water sample must
not be touched by hand. Filters should be moved with forceps and
each filter should be used for only one sample. Waters originating
from soil solution (SS) and rivers (WQ) may need pre-filtering
through a glass fibre filter but these filters require washing with 250
ml of distilled water before use. The filtered water should be
poured from the filter assembly into a clean, dry polypropylene
bottle and not returned to the bottle used for the unfiltered water.

A baottle of 250 ml volume is likely 1o be appropriate, but the
laboratory performing the analyses should be consulted. If the
volume of a sample exceeds 100 ml, a subsample of 20 ml should
be transferred from each sample to a vial for determination of Al
and Fe, and acidified with 20 ml HC1.

All containers should be labelled with the full ECN sample code
(the ECN measurement code, the ECN site number and the local
sample code) and the date of collection, which together gives each
sample a unique reference, ey 55-04-B1S 06-Jan-1993. This unique
reference should appear with the final data submitted for inclusion
inthe ECN database.

BDH (Head Cffice)

Merck House

Pocle Tel: 01202 664778
Dorset BH15 1TD, UK Fax: 01202 666541

Millipore (UK) Ltd

The Boulevard

Blackmeoor Lane

Watford Tel: 01923 816375
Hertfordshire WD1 8YW, UK Fax: 01923 818297
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Appendix II Bottle and vial washing

Containers must be washed in a laboratory cleaning agent before
being used for the first time, and subsequently at approximately
six-monthly intervals, or if subjected to high levels of soiling (eg
contamination of rainfall by bird droppings). The cleaning agent
should be free of phosphate and hypochlorite. If a laboratory
washing machine is available, Decomatic (not Dri-Decon) is
suitable, and, if no machine is available, overnight soaking in
Decon-20 is suitable. Subsequently, containers will be rinsed four
times in tap water and three times in deionised or distilled water,
At other times, afier use, containers will be rinsed three times in
distilled water and retained for use with the same sampler on
subsequent occasions.

After washing, containers must be shaken fo remove drops of
distilled water, dried in warm air in a dust-free environment, and

re-capped immediately.

Decon products can be obtained from a number of suppliers,
including BDH (see Appendix [),

148



"~ AG Protocol -

Aim

|

Rationale

Method

ENALYTICAL GUIDELINES FORWATER
SAMPLES

To provide guidelines for the analysis of water samples from ECN
terrestrial sites

Whilst each laboratory has full responsibility for managing its own
analytical resources, participating laboratories have an obligation
to conduct analyses under controlled conditions, and to provide
documentation of methodology, information about significant
changes in methodology, and information about validation
procedures.

Procedures will be subject to annual review by an Analytical
Working Group with representatives from each laboratory.
Appropriate methods are oullined below. Detection limits indicate
targets for laboratories for their chosen method.

Approved techniques

Elternative approved techniques for each determinand are given in
the following Table (superscripts refer 1o Notes section below).

pH YHMSO (1888) ('Blue book’)
Conductivity ~ ZHMSO (1978) (‘Blue book’)
Na* FES/AAS ICP/OES IC
K* FES/ARS ICP/QES IC
Ca® AAS ICP/OES IC
Mg** ARS ICP/QES
Fe? ARS ICP/OES
AP AARS [CP/OES ‘Col-PCV
NH,*N ‘Col-indophenol blue
Cr IC ‘Col-Hg/thiocyanate
NO/N IC (*Col-Greiss/lilosvay )
SO2xS IC (ICP/OES)
HCO; Alkalinity THMSO (1881}

{'Blue book")
PO*P ‘Col-molybdenum blue
DOC Combustion Colorimetry
Total N Kjeldahlindophenol blue  Persulphate/NO,

Note: Techmiques shown in brackets do not quantify directly the species of
interest, but may be suitable following comparative tests. For pH and
conductivity measurements, please see'also the [nitial Water Handling
(WH) Protocol

IHMSO. 1988. The determination of pH in low ionic strength wafers.
London: HMSO.

sHMSO. 1978, The measurement of electrical conductivity and the laboraiory
determination of the pH value of natural, treated and waste waters. London;
HMSO.

SHMSO. 1981, The determination of alkalinity and acidity in water. London:
HMSO. (Method B)

1Col - colorimetry using centinuous flow or flow injection analysis
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Reference techniques

Changes and developments in analytical technology will inevitably
occur during the lifetime of the ECN programme, and it is
important to have a series of reference methods with which to
compare and to assess aliernative or innovative analytical
methodelogies. The methods listed below are the most suitable for
use as primary references.

Ultimate
Results Species Reference detection
expressed as of interest technicque limit
pH pH HMSC (1888)
Conductivity pScm™? HMSO (1978) 1
Na* mg I ARS 0.02
K* mg I AAS 0.01
Ca? myg I AAS 0.02
Mg?* mg I AAS 0.02
Fet* mg 1" ARS 0.1
AP mgl?! AAS 0.1
NH,*N mg' N Indophenol blue 0.1
Clr mgl? IC 0.5
NO, mg N Nitrate IC 0.01
50,72 mgl's Sulphate IC 0.1
Alkalinity mg I CaCQ, HMSO (1981} 1
PO mgl' P o-phosphate Molybdenum klue  0.005
DOC mgltC Combustion 0.1
Total N mgli N Kjeldahi 0.1

Notes: HMSO references are given on previous page

For conductivity and pH measurement, please refer also to the
Initial Water Handling (WH) Protocol. For pPH measurement, a
procedure should be used which is capable of quantifying low
lonic strength solutions, with a separate glass and a recommended
reference electrode.

Laboratories should report data on the fraction specified (eg SO,
by ien chromatography). If there is a strong preference by the
laboratory to use a technique which quantifies a slightly different
fraction (eq § by ICP/OES), then there is an obligation on the
laboratory to monitor the two alternative techniques for the EGN
samples in order to provide data to confirm the absence of bias,

The analytical ranges in cperation will differ between laboratories,
producing different working detection limits. However, when the
solution concentration is in the region of the working detection limit
of the parficular anaiytical system, there is a need to consider
whether the quoted values at this detection limit provide data
suitable for the purpese of the study, or alternatively whether the
samples should be re-analysed using a lower analytical range, The
defined limits provide a uniform guideline to be followed by each
laboratory.
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Priority listing of determinands

Sample volumes for soil solution and precipitation waters will be
limited in periods of low rainfall. The following priority listing
(where | indicates the highest priority) provides a working
quideline o assist site operators and analysts in making decisions
on handling and analytical options when sample volume is limiting.

Cations requiring separate acidified portion - Fe®*, A
Total-N, alkalinity

1. pH, conductivity

2. Anions -NO,, SOZ then PO, CI
3. Cations — Ca®", Mg?*, then K*, Na*
4. NH,'N

5. DOC

6.

1.

Please refer to the Initial Water Handling (WH) Protocol for
information on sclution handling, filtration, pH and acidification of
samples.

Providing details of methodology

Details of analytical methods used by a laboratory should be kept
at the laboratory for its operators, and summary information
provided for the ECN database. This information will reside, one
data record for each determinand for each ECN site, in the meta
database, linked to the data by site, core measuremei,
determinand and date, to- indicate the methodology in operation
and its precision. The format is {llustrated below, using nitrate as an
exampile.

Performance characteristics of the method

Laboratory / Site Merlewood / Moer House

Substance determined  Nitrate

Basis of the method Chemically suppressed ion chromatography
Types of sample Rainwater (PC), stream water (WC),

soil solution (S8)
Typical concentrations ~ FC: 0, WC; 0.50, 83:3.2
Volume for analysis 10 ml
Calibration range 0.01 to 10 mg 1! - slight deviation from linearity
corrected for by using 3rd-order regression
Method of measurement Pezk area using integration / data system

Results reported 3 significant figures as N (mg 1)
Detection limit 0.010 mg I'

Within batch standard

deviation (mid-range) * 2% rsd

[nterferences None

Internal CC measure CUSUM quality control chart

Accuracy measure AQUACHECK

Notes: The detection limit is defined as 4.65 within-batch standard
deviation* of the blank or a sclution with a concentration close ic the blank
when no signal is detectable from the blank (n=10)

*A within-batch standard deviation in excess of 5% is unlikely to be
acceptable
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When any details change, a new record will be added to the
database with a date 'stamp’. Aspecis of the analysis such as
instrument maintenance, calibration, drift, and training of staff will
be controlled by the laboratory. The above information provides a
record of changes in methodology and an assessment of
‘suitability for the purpose' of the data.

Validation

Analytical data validation will be maintained through the
application of approved techniques, adoption of uniform detection
limits, and internal quality control, with an obligation to participate
in regular interlaboraiory analysis, eg AQUACHECK. The two
main measures of quality are accuracy and precision.

Accuracy

Accuracy describes closeness to the true value, but in practical
terms it reflects the agreement of values amongst the wider
analytical community. Agreement can be established through
participation in a contrel sample scheme, such as AQUACHECK.
However, the operaticnal frequency of such schemes is
necessarily less than that of the sampling events and it will
therefore be necessary to record all accuracy check results to
confirm conformity, as well as recording any correction
procedures which may be applied.

Example of an accuracy record

Element 502

Fraction measured Dissolved
Results reported as {eg SO, as 5) S

Date of analysis 23-Jan-1993
Method [on chromatography
Laboratory ITE Merlewood
Scheme AQUACHECK
Within error threshold Y

Result 1.23

Mean 1.34
Percentage relative error +B.9%
Corrective measures None

Individual laboratories should send all accuracy results relevant to
ECN samples, in the categories shown above, to the ECN
Database Manager in machine-readable form.

Precision

Precision conirol will be ensured by the use of synthetic solutions
as quality control (QC) samples for assessment of possible batch
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bias. QC data should be reported to Site Managers with each set
of sample results. Laboratories should not submit data if the QC
values indicate that the procedures are functioning unacceptably.

Buthor AP Rowland

[ AG Protocol ]
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Chapter 3 ECN DATA REPORTING

Introduction

Section 1 of this Chapter lists the measurement variables and results
generated by each ECN Protocol. An overview of procedures for data
handling and formats for transfer of data to the ECN Central Co-ordination
Unit (CCU) in machine-readable form is given in Section 2. Documentation
giving detailed specifications for data transfer for each individual Protocot
are not provided here but may be obtained from the ECN CCU on reqruest.

Each sample or sampling occasion and associated measurements are

uniquely identified by:
Core Measurement Code, (see Appendix I for a list of codes)
eg PC ’
Site Identification Code, {see Appendix I for a list of current
eg 04 site IDs)
»+ Internal Location Code, Each site allocates its own code to
eg 01 replicate sample locations (g
different surface water collection
sites)
Sampling Date(/time}, Date on which sample was collected
eg 10-Mar-1996 or data were recorded. This will

include a time element as part of the
unique identifier where sampling is
more frequent than daily (eg core
measurements MA WD)

Standard recording forms for use in the field and/or laboratory can be
obtained from the CCU; some example forms have been provided in
Appendix II. The use of computerised forms and mapping in the field is
encouraged where sites have access 1o field computers, provided that
output can be translated into ECN standard formats; the development of
these systems will be monitored for future ECN standards in
computerised data capture.

Any number of pre-defined quality codes (see Section 2.4 and Appendix
1) may be associated with each sample or recording occasion. The forms
list the quality codes most appropriate to their respective ECN core
measurement. In addition, data may be accompanied by free-format text
descriptions of problems which might affect the quality of the data.

All data recorded should be accompanied by the name of the person
responsible for sampling/recording and alse sample identification where
appropriate. Information provided during the first year of monitoring
should include grid references of the locations of peint-based surveys and
maps showing the locations of transects or area-based surveys. These will
be incorporated into the ECN geographical information system (GIS).
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The measurement variables listed in Section | are those required for an
individual instrument or sampling location at a single site. Note that the
Core Measurement Code, Site ID, and Internat Location Code explained
above are required to identify every set of data, but are not repeated in the
listings below to save space. Superscripts in the following Tables refer to
the Netes section assoclated with each core measurement.

1. Specification of results and recording conventions

1.1 Core measurement: meteorology — automatic weather station (MA
Protocol)

The following variables are recorded hourly for each automatic weather
station and automatically logged.

Precision of

Variable Units recording
Year

Day number Julian within year

Hour GMT 24-hcleck 1h
Solar radiation (average) Wm? 1

Net radiation (average) Wm= 1

Wet bulb temperature (average) °C 0.1
Dry bulk: temperature {average) °C 0.1
Wind speed (average) m s 0.1
‘Wind direction {average) degrees 1
Rainfall (total) mimm 0.1
Alledo — groeund (average) W2 1

Soil temperature at 10 cm (average) °C 0.1

Soil temperature at 30 cm (average) °C 0.1
Surface wetness (total time wetness <0.8) min 1

Soil water potential (average) bars 0.01

1.2 Core measurement: meteorology — manual (MM Protocol)
The following variables are recorded daily at 0500 GMT.

Precision of
Variable Units recording
Recording (Sampling) date
Rececrding (Sampling) time GMT 24-hclock 1 min
Dry bulb temperature °C 0.1
Wet bulb temperature °C 0.1
Maximumn temperature °C 0.1
Minimum temperature °C G.1
Crass minimum temperature °C 0.1
Soil temperature 30 cm °C 0.1
Seil ternperature 100 cm °C 0.1
Rainfall (total). mm 0.1
Wind run (total) . km 1
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Recording forms

The standard British Meteorological Office recording form 3208B should be
used for recording in the field, using the instruction booklet 3100A.
Recorders should also refer to the Meteorological Office Handbook (1882).

1.3 Core measurement: atmospheric chemistry (AC Protocol)

The following variables are recorded fortnightly for each of three
experimental and three blank diffusion tubes.

Precision of

Variable Units recording
Setting out date

Setting out time GMT 24-h clock 1 min

Sampling date

Sampling time GMT 24-h clock 1 min

Tube code 2 character code!

Weight NO,- Hg 3 significant figures
Recording forms

A standard field recording form is available from the CCU. An example is
provided in Appendix II.

Note

1 Experimental tubes should be coded E1, E2, E3, blank tubes B1, B2, B3.

1.4 Core measurement: precipitation chemistry (PC Protocol)

The following variables are recorded weekly

Precision of

Variable Units recording

Setting out' date

Setting out time GMT 24-h clock 1 min

Sampling date

Sampling time GMT 24-h clock 1 min

Volume ml 1

pH pH scale 0.1

Conductivity HS cm™? 0.1

Alkalinity mg I 3 significant figures

Na* mg 17 3 significant fiqures

K mg 17 3 significant figures

Ca® mg 17 3 significant figures

Mg?* mg I 3 significant fiqures

Fe? mg I 3 significani figures

APt mg I 3 significant figures

PO P myg I* 3 significant fiqures
+ NH,*-N mg I 3 significan: figures

Cl- gy 17 3 significant figures

NO, N gy 17 3 significant figures

SC,*F-5 myg 17 3 significant figures
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Recording forms
A standard field recording form is available from the CCU.

Note
1 Dateftime bottle last emptied and set out

1.5 Core measurement: surface water discharge (WD Protocol)

The following variables are recorded automatically at 15 min intervals.

Preciston of

Variable Units recording
Recording (Sampling).date

Recording (Samphng) time GMT 24-h clock I min
Stage (average) m 0.001
Discharge (average) . m®s™! (cumecs) 0.001

1.6 Core measurement: surface water chemistry (WC Protocol)

The following variables are recorded from weekly samplings.

Precision of

Variable Units recording
Sampling date
Sampling time - GMT 24-h clock 1 min
pH pH scale 0.1
Conductivity pS cmyt 0.1
Alkalinity mg I? 3 significant figures
Na* mgI* 3 significant figures
K* mg 17 3 sigmificant figures
Ca? mgl?! 3 significant figures
Mg® gy 17 3 sigrnificant figures
Fe? mg 17! 3 significam figures
AP mg I} 3 significant figures
PO >-P mg I'! 3 sigmificant fiqures
NH,"-N mg I 3 significant figures
Cl- mg I 3 significant fiqures
S0 5 ma 2 signlcantfgorec:
. g significant ficures;
Dissolved organic carbor  mg ! 3 sigrificant figures,
Recording forms
A standard field recording form is available from the'CCU. An example is
provided in Appendix IL.

1.7 Core measurement: soils (S Protocol)

Soils - baseline recording (SB)

The following information is recorded in the first year-of monitoring:

+ Soil map at 1:10 000 scale {or 1:25 000 for larger sites)

+ Soil typologies at 50 m intervals around 1TSS and 25 m intervals within
TSS from auger borings )
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Soils fine-grain recording (SF)

The following variables are recorded for the initial and five-yearly

samplings.

Precision of
Variable Units recording
Sampling date
Block code | character code’

For each horizon (by block)
Horizon code

Horizon lower average depth
Horizon average thickness

For each depth band (by biock}

Depth code

Then, for each depth and each horizon sample

Soil moisture

pH

Exchangeable
Acidity
Sedium
Potassium
Calcium
Magnesium
Manganese

Aluminium (assume all Al is Al,*)

Total
Nitrogen
Phosphorus
Sulphur
Organic carbon
[norganic carbon

character code?
cm
cm

numeric code?

% 0.1
pH scale 0.1
mmol, kg™ 0.1
mmol, kg™ 0.01
mmol kg! 0.01
mmol, kg! 0.0l
mmol, kg™ 0.01
mmol_ kg™ 0.01
mmol _kg! 0.01
% 0.01
mg kg! 10
mg kg! 0.01
% 0.1
% 0.1

Soils coarse-grain recording (SC)

The following variables are recorded for the initial and 20-yearly

samplings for the each soil block.

Precision of
Variable Units recording
Sampling date
Block code 1 ¢haracter code!
Cell code ] character code?
Altitude m 1
Slope degrees 1
Aspect degrees 1
Land use numeric codes®

Decomposition of peats
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For each horizon

Horizon code

Horizon lower average depth
Horizon average thickness
Description

Particle size analysis

Soil mineralogy

Soil water release

Bulk density

For each depth band
Depth code

character code?

cm

cm

See note 7

% In each size class®

% in each mineral class?
% volume held

at different tensions!®
kg m™

numeric code?

Then, for each depth or horizon sample

Seil moisture % 0.1
pH pH scale 0.1
Exchangeable
Acidity mmol_ kg 0.1
Sodium mmel_kg 0.01
Potassium mmol_kg™ 0.01
Calcium mmol_ kg™ 0.01
Magnesium mmol_ kg™ 0.01
Manganese mmol_ kg™ 0.01
Aluminium (assume all Alis AL*) mmol_kg™ 0.01
Total
Nitrogen % 0.01
Phosphoerus mg kg™ 10
Sulphur myg kg™ 0.01
Organic carbon % 0.1
Inorganic carbon Yo 0.1
Lead mg kg™ 0.01
Zinc mg kg 0.01
Cadmium myg kg 0.01
Copper mg kg 0.01
Mercury myg kg 0.01
Cobalt mg kg 0.0l
Molybdenurm mg kg 0.01
Arsenic mg kg 0.01
Chromium myg kg 0.01
Nickel mqg kg 0.01
Extractable
Iron %
Aluminium %%
Phosphorus mg kg 1
Recording forms

The forms supplied in Hodgsen (1974) should be used for field survey

Notes

1. The six soil blocks are coded A-F Refer to the Protocol for a
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8.

description of the sampling layout.

. Horizons should be coded according te the notation described in

Hodgson (1674). Codes must be unique within each profile; horizons
qualifying for the same letter notation and occurring in vertical
sequernce are denoted by numerals placad after the letter designation
(eg Ahl,Ah2)

. Depth bands should be coded as follows:

0-5 cm 1 20-40 cm 5
5-10 cm 2 40-60 cm 6
10-20 cm 3 50-80 cm 7
20-30 cm 4% 80-10Ccm 8

100-120cm 9

* Bands 1-4 are used for five-yearly sampling (SF). Band 4 is
excluded from 20-year sampling {(SC), being replaced by band 5.

. Cells for 20-year sampling are coded from A to P Refer to the Protocol

for a description of sampling layout.

- Land use should be described using the numeric codes given in

Hodgson (1974); these codes are also given here under Section 1.9,
note 5, page 167.

. Decomposition of peats: Table 3 is taken from Avery (1980}. Please use

the decomposition codes H1-H19 given iii the Table.

. Horizon descripticns should follow the procedures given in Hodgson

(1974).
Particle size classes are as follows:
Clay (<2 um)
Fine silt (2-63 ym)
Coarse silt (83-106 pm)
Fine sand {106-212 ym) 4
Med sand (212-600 um)
Coarse sand (600 ym-2 mm)
Soil mineral categories are as follows:
Sand Quartz
Potassium feldspar
Plagioclase feldspar
Carbonate minerals
Ferro-magnesium minerals:
garnets, olivines, calcium and magnesium amphiboies,
sodium-rich amphibeles, pyroxenes, biotite mica,
muscevite, chlorite, epidotes

(s> dp]

Silt Quartz
Potassium feldspar
Plagicclase feldspar
Carbonate minerals
Ferro-magnesium minerals
Clay Smectite
Kaclinite
Nlite
Chlorite
Inter-stratified minerals
Iron-oxide minerals
Aluminium hydroxide minerals
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Table 3. Modified version of the Von Post scale for assessing the
degree of decomposition of peat {source: Avery 1980)

Nature of liquid ~ Proportion of Nature of
expressed on peat extruded plant
squeezing between fmgers residues Description
Hl  Clear, colourless None Plant structure unaltered; Undecomposed
fibrous, elastic
H2  Almost clear, None Fant structure distinct; Almost
yellow-brown almost unaltered undecomposed
H3  Slightly turbid, Ncne Plant structure distinct; Very weakly
brown ! most remains easily decomposed
identifiable
H4  Strongly turbid, None Plant structure distinct; Weakly
brown most remains identifiable  decomposed
HS  Sirongly turbid, Very little  Plant structure clear,but  Moderately
contains a little becoming indistinct; decomposed
peat in suspension most remains difficult
to identify .
H6 Muddy, much peat One-third Plant structure indistinct, ~ Well
in suspension but clearer in the decomposed
scueezed residue than
in the undisturbed peat;

mest remains unidentifiable

H7 Stongly muddy  One-half  Plant structure indistinet  Strongly
but recognisable; few decomposed
remains identifiable

H8  Thick mud, Two-thirds  Plant structure very Very strongly
little free water indistinct; only resistant decomposed
remains such as root fibres
and wood identifiable

H9  No free water Nearty all  Plant structure almost Almost
unrecognisable; practically completely
no identifiable remains decomposed

HI0 No free water Plant structure Completely
unrecognisable; decomposed
completely amorphous

(in this field test a sample of wet peat is squeezed in the closed hand and the colour of
the liquid that is expressed between the fingers, the proportion of the original sample
that is extruded, and the nature of the plant residues are observed)

10. Water release tension categories are as follows:

50 millibars

100 millibars P2
400 millibars 3
2 bars 4
15 bars 5
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1.8 Core measurement: soil solution chemistry (SS Protocol)

The following variables are recorded from fortnightly samplings for each of
12 soil solution samplers.

Precision of

Variable Units recording
Setting out' date

Seftting out time GMT 24-h clock 1 min

Sampling date

Sampling time GMT 24-h clock 1 min

Sampler code 3-character code

(see 85 Protocol, page 77)

Volume ml 10

Vacuum bars 0.01

pH pH scale 0.1

Conductivity _uS cm! 0.1

Alkalinity mg 17! 3 significant figures
Na* mg 1" 3 significant figures
K+ mg I 3 significant figures
Ca* mg I'! 3 significant figures
Mg? mg 1™ 3 sigmificant figures
Fe?* mg 1! 3 significant figures
Al mg 1! 3 significant figures
PO *-P mg 1! 3 significant figures
NH,* N mg 17 3 significant figures
-CIr mg I 3 significant figures
NO,—N mg 17 3 significant figures
50%-5 mg 17 3 significant figures
Dissolved organic carbon  mg I 3 significant figures

Recording forms
A standard field recording form is available from the CCU.

Note
1 Datefiime vacuurn 'drawn-down'.

1.9 Core measurement: vegetation (V Protocol)

Vegetation baseline recording (VB)
Initial survey in first year of monitoring for approximately 400 grid plots
and up to 100 ‘infill' plots over the whole ECN site

Precision of
Variable Units recording
For each plot
Sampling date
Plot position ID numeric code!
Plot position type character code: (G=Grid, [=Infill}
Grid reference UK National Grid (m) 1
Altitude m 10
Flot type character code
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S=5tandard 2 m
W=Woodland 10 m
National Vegetation Classification  NVC category code?

Species present VESPAN" numeric codes
Plot features present character codes*

eg ditch, wall, bank)
% plot unsurveyed %

(eg if obstruction)

Vegetation coarse-grain recording (VC)
Initially and again every nine years for 50 randomly selected plots from the
original grid and infill positions.

Precision of

Variable Units ‘ recording
For each plot

Sampling date

Plot position ID numeric code!

Land use Hodgson® codes

Slope degrees

Aspect degrees

Slope form Hodgson® codes

For each cell

CellID numeric code®
Species present "VESPAN' numeric codes
Cell features features present character codes*

(eg ditch, wall, bank)

Vegetation woodland recording (VW)
Initially and again every nine years (except diameter at bréast height {dbh)
every three years) for those coarse-grain plots falling in scruk or woodland.

Precision of
Variable Units recording
Sampling date
Plot position [D
Species present ‘“VESPAN" numeric codes
Dominance categories character codes’
For each of ten randomly selected trees
Species "VESPAN" numeric codes
Diameter at breast height (dbh) cm 0.1
Height m 0.5
Number of stems (eg if coppiced) coumt 1

Distance of stem from centre
of random cell -
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For each of ten randomly selecied cells

CelllD numeric code®
Cell co-ordinates local co-ordinates®
Species of seedling ‘VESPAN" numeric codes

Number of seedlings of each species

Vegetation fine-grain recording (VF)
Initially and again every three years for at least two random plots in the TSS
and two within each NVC type, from the original grid where possible.

Precision of

Variable Units recording
For each plot

Sampling date

Plot position ID numeric code!

Land use Hodgson® codes

Slope degrees

Aspect degrees

Slope form Hodgson® codes

For each celf

CellID numeric code®

Cell co-ordinates local co-ordinates®
Species present 'VESPAN" numeric codes
Plot features present character codes?

(eg ditch, wall, bank)

Vegetation boundaries recording (VH)
Initially and again every three years for selected vegetation boundary
plots.

Precision of
Variable Uniis recording
For each transect plot
Sampling date
Plot position ID numeric code!
Grid reference UK National Grid {m) 1
Altisude m 10
Sketch map of transect profile
For each transect celf
CellID numeric code®
Species present ‘VESPAN'" numeric codes
Land use Hodgson® codes
Slope degrees
Aspect degrees
Slope form Hodgsen® codes
Plot features present character codes*

(eg ditch, wall, bank)
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For each hedgerow length
Species present "VESPAN™ nurneric codes

Vegetation: permanent grass (VP)
Four times per year.

Precision of

Variable Units recording
For each exclusion cage.
Cage number numeric ¢ode
Dry matier yield kg ha! 1
Vegetation: continuous cereal (VA)
Annually

. Precisicn of
Variable Units recording
For each species recording piot (10 m x10 m)
Sampling date
Plot position 1D numeric code!
For each cell
Cell ID . numeric code®
Cell co-ordinates local co-ordinates®
Species present "VESPAN'3 numeric codes

For each cereal plot (20-25 m length)

Plot position ID numeric code!
Weight of grain kg ha!
Dry matter yield of straw kg ha

For winter wheat crop

Plot position ID . numeric code!
Date of start of stern elongation (GS 31)

Date flag leaf emerged (GS 39)

Recording forms
Fifteen field recording forms have been designed for ECN vegetation
monitoring, as listed below; these are available from the CCU. Example
recording forms for vegetation baseline monitoring (VB} are provided in
Appendix IL.
. Plot position and status nformation
Baseline (VB) species recording
Baseline (VB) descriptive information - plots
Coarse-grain (VC) species recording
Coarse-grain (VC) environmental information — plots
Coarse-grain (VC) descriplive information — cells
Fine-grain (VF) species recording
Fine-grain (VF) environmental information — plots
Fine-grain (VF) descriptive information — cells
0. Boundaries (VH) species recording
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11.
12.
13.
14.
15.

Boundaries (VH) environmental information — cells
Boundaries (VH) hedgerow species

Woodland (VW) species and dominance
Woodland (VW) tree diameter and height
Wocedland (VW) seedlings

Notes

1.

2.

Numbering plot positions: All plat positions (for plots and transects)
should be given a unique reference number within each ECN site.
Cifferent types of plots centred on and recorded at these positions will
be referenced by a status code (g VB, § for Baseline Standard plot}
National Vegetation Classification: see Rodwell, |.8. (1991).

3. Species naming and coding

4

The recording forms supply the abbreviated names of the 200 most
cenunon species in GB (from a GB sample of 11 000 plots surveyed by
the ITE Countryside Survey 1990 (Barr et al. 1993)). Species names
conform to Flora Europaea, which should be used as the standard for
ECN vegetation recording. Each species has an associated unique code
number, used by the National Vegetation Clagsification system {see
Malloch 1988 - available from: Institute of Environmental and Biclogical
Sciences, University of Lancaster, Lancaster LAl 4YQ, UK).
Note that, although the abbreviated names used on the forms are
unique within the list of the 200 most common species, they are not
necessarily unique for the complete list of all species. A list of the full
names and codes of the 200 most common species is supplied in
Appendix II with the sxample vegetation recording forms. A complete
list of full names and ccdes of all species (¢ 4500 records) can be
provided by the CCU.
if a species is found which is not included in the list given on the form, it
should be recorded in the 'Other species' section. The code number
can be looked up in the complete species list and added later in the
laboratory. For those genera whose species are considered difficult to
distinguish, the genus name only has been provided on the form. If a
surveyor is uncertain in distinquishing between species for a plant,
then the 'Other species' section should be used to put down only the
genus name,
The (c), (8), and (g) codes which follow some species on the lists refer
to canopy layer, shrub layer and ground layer respectively — different
code numbers exist for the different layers. If you find a species which
exists on the recording form iist, but which is in a different layer, then
use the 'Other species' section to record it. For example, a young Betula
pendula seedling will have to be recorded in the 'Cther species' section
as Betu pendu (g)', as only the canopy layer - 'Betu pendu (¢) - is
given in the list on the recording form. VESPAN codes are also used to
record the presence of bare soil, bare rock, litter, dead wood and open
water.
Feature codes

P=Path S=Stream

W=Wall H=Hedge
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D=Ditch N=Natural boundary
F=Fence X=No feature
B=Bank

5. Hodgson slope form and land use codes and their descriptions are
given in Hodgson (1974). They are summarised as follows.

Slope form
1 Convex
2 Straight (rectilinear)
3 Concave
Land use codes
»  Enclosed farmiand
1 Ley grassland 6 Root crops
2 Permanent or long-term grassland 7 Horticultural crops
3  Rough grazing 8 Fallow
4 Cereals 9  Other crops (specify)
5  Green crops 10 Orchard ‘
«  Semi-natural vegetation, woodland and unenclosed farmiand
11 Deciduous woodland 16 Grassland
12 Coniferous woodland 17 Saltmarsh
13 Scrub 18 Fen, moor or bog
14 Lowland heath 19 Montane vegetation
15 Heather moor
* Land in other use
20 Public park
21 Golf course
22 Other (specify)

6. Cells and points within plots
These should be given a local reference number as follows.
Coarse-grain cells (40 cm x 40 cm) within the 2 m x 2 mplots should
be labelled frem 1 to 25 as shown on the recording form, with 1 being
the NW cell, 2 being the next cell to the east, and 25 being the SE cell.
These correspond to the 25 numbered colurmns on the field form.
Fine-grain cells (40 cm x 40 cm) within 10 m x 10 m plots should be
cenired on randomly selected co-ordinate points (1-24 in X and Y,
ignoring the edges of the plot). Each cell should be given a local
reference number from 1 to 10 which will then correspond with the
numbered columns of the respective recording form. The local co-
ordinates referencing the centrepoints of each of the 10 cells within
each plot should be provided for the ECN database.
Woodland points and cells within 10 m x 10 m plots should be
randomly selected, handled and numbered in the same way as the
fine-grained cells described above. (Note that the diagrams on the
fine-grain and woodland forms are purely illustrative and in no way
indicate the location of the cells or points within the plot.)
Boundary transect cells should be labelled from -n o n,
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corresponding with the columns of the recording form (cells —10 to

+10 have been provided for, so far). Cell 1 should be the ‘origin’ cell

and have one edge as near as possible to the middle of the linear

feature or boundary. Cells can be added in future years as boundaries

change, and cells labelled using the next positive or negative integer.
7. Woodland dominance categories

C = canopy dominant U = suppressed E = seedling
S =subdorninant H = shrub layer
[ = intermediate A = sapling

1.10 Core measurement: invertebrates - tipulids (IT Protocol)
The following variables are recorded twice yearly, in April and Septermber.

Precision of
Variable Units recording
Sampling date
Core ID character code (Cn)!
Species code BRC code?
Species name genus species
Number found count 1
Recording forms
Three forms are available from the CCU for up to three tipulid sampling
sites within each ECN site.
Notes

1. Core/subplot IDs should be unicue within each ECN site, For example, if
there are three tipulid sampling locations, each taking 20 cores, the cores
should be labelled from 1 to 60 (C1-C20 for Location 01, C21-C40 for
Location 02, C41-C60 for Location 03).

2. The coding system should follow the standard currently used by the
Biological Records Centre, ITE Monks Wood, Abbots Ripton,
Huntingdon, Cambs PE17 2LS, UK.

1.11 Core measurement: invertebrates - moths (IM Protocol)

The following variables are recorded daily.

Precision of

Variable Units recording
Date trap set

Sampling date!

Species code RIS code?

Species name genus species

Number caught count 1
Recording forms

Please refer to the Rothamsted Insect Survey, Institute of Arable Crops
Research, Rothamsted Experimental Station, Harpenden, Herts, UK.
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Notes

1. The Sampling Date is the date on which the catch is collected following
overnight recording. Any nights on which the trap-was not operating, for
example because of lamp failure, should also be reported, using the
Sampling Date.

2. The coding system should follow the Heslop (1964) numbering system
used by the Rothamsted Insect Survey.

1.12 Core measurement invertebrates — butterflies (IB Protocol)

The followmg wariables.are recorded weekly from 1 April until 29

September:

Precision of
Variakle Units recording
For the transect
Recording (Sampling} date
Start time BST 24-h clock 1 min
Temperature at end of recording °C 01
Percentage sunshine % 10

Wind speed at end of recording Beaufort scale

For each transect section

Transect secticn number numeric code (1-15)
Species code BMS code!

Species name CCIMMON Nama
Number seen count

Habitat description BMS method?

Recording forms

A standard BMS récording form is available from the Butterfly Monitoring
Schéme (BMS), organised from the Biological Records Centre, ITE Monks
Weaod, Abboets Ripton, Huntingdon, Cambs PE17 2ZLS, UK.

Notes
1. The coding system should follow the standard used by the BMS.
2.~ Habitat should be described as explained in the BMS handbook, quoted
below.
'A short description of the different habitat types in each section is useful
for the transect records. It is also useful to have a short list of the plant
“$pecies which are most abundant in each section. Particular attention
should be given to butterfiy food plants, eg nettles or viclets, and popular
nectar sources, such as thistles or teasels. The aim of these records is not
to acquire cuantitive information on the abundance of plants (which
~would be ideal but which is very time-consuming) but o help, in a
General way, with the interpretation of results.’
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1.13 Core measurement: invertebrates - spittle bugs (IS Protocol)

The following variables are recorded armually — nymphs in mid-June,

adults in late August:

Precision of

Variable Units recording
For nymph recording

Sampling date

Vegetation mixed or segregated character code (M or 3)
Quadrat D character code (Qn)!

Species code
Species name
Number of spitiles

From random-throw exercise
Number of spitttes found {by species)
Total number of nymphs found (by species)

for P spumarius adult morph recording

BRC code?
genus species
count

cournt
count

Sampling date

Morph 3-character code?
Number of males count 1
Number of females count 1
Recording forms

Three types of form are available from the CCU:
1. Nymphs: quadrat sampling where the vegetation is mixed
2. Nymphs: quadrat sampling where the vegetation is segregated

3. Adults (sweep-netting).

Notes

!, Quadrats should be numbered from Q1 to G20, or from Q1 to Q40,
depending on whether the vegetation is mixed or separate. Numbering

is unique within each ECN site.

2. The coding system should follow the standard currently used by the
Biclogical Records Centre, ITE Monks Wood, Abbots Ripton,

Huntingdon, Cambs PE17 2LS, UK.

3. Adult colour merphs of P spumarius should be coded as follows:

POP  popuii

TRI trilineata

MAR marginella

FLA  flavicoilis

GIB  gibba

LCE feucocephala

UUU  Unallocated morpgh
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PRA  praeusta

LAT  lateralis

QUA quadrimaculata
ALB  albomaculata
LOP leucopihalma
TYP  typica



1.14 Core measurement: invertebrates — ground predators (IG Protocol)

The following variables are recorded fortnightly from May until the end of
October (13 trapping periods) for each transect of ien traps. Each transect
of ten traps is regarded as a single sampling location.

Precision of
Variable Units recording

Date traps set
Collection (Sampling) date

For all ground predator species

Trap [D character code (Tn)!
Species code BRC code?

Species name genus species
Number caught count

In addition, for harvestmen

Species code of individual BRC code?

Species name of individual genus species

Gender of individual MorF

Fernur length of individual I 0.1
Recording forms

Three types of form are available from the CCU:

1. Species recording form: one for each of the three iransects (an
example is provided in Appendix IT)

2. Pitfall trap dates and quality information form (an example is provided
in Appendix II)

3. Form for recording femur lengths for harvestmen.

Notes
1. Trap ID numbers should be unique within each ECN site, eg traps T1-
T10 for transect 01, T11-T20 for transect 02, and T21-T30 for transect
03. For species recording (Form 1 above), separate rows of the Table
should be used to record the different leg colour morphs and also
gender of Plerostichus madidus, using the following codes after the
species name:
FR fernale red legs MR  male red legs
FB fernale black legs MB  male black legs
2. The coding systern should follow the standard currently used by the
Biological Records Centre, ITE Monks Wood, Abbots Ripton,
Huntingden, Camis PE1T 2LS, UK.

1.15 Core measurement: vertebrates — birds (BI Protocol)

Common birds (BC)

Ten visits to map the location and behaviour of birds in a selected area are
made per year, between mid-March and late June. The British Trust for
Ornithology (BTO) Commion Birds Census (CBC) method records habitat
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and bird movements and activities on to large-scale maps using standard
notations, given overleal. The information is then analysed to show the
territories occupied by different species. A summary sheet is produced
which gives presence of birds and territories by species.

Preciston of
Variable _ Units recording
Map-based recording for each visit
Recording (Sampling) date
Start time BST 24-h clock 1 min
Finish time BST 24-h clock 1 min
Visit code BTOC character code — A-K

Habitat features
Species/mest location
Bird activity
Weather description

BTO CRC method!
BTO codes?
BTO codes?

Form-based recording derived from the interpretation of the maps

Year of recording

Visit (Samnpling) date

Visit codes

Duration of recording

Area of survey

Alutude (median and range)
Species present

Territories {(by species)

BTO character code — A-K

h,min 1 min
ha 0.1

m 1
BTO codes?

count 1

Breeding birds (BB)

Two visits are made to transects within 1 km squares each year, one in
April to mid-May (‘early”), and one in mid-May to late June ('late’). The
BTO Breeding Birds Survey (BBS) method records habitat and bird counts
by species along the transect on 1o field forms using standard notations,
given overleaf. The following variables are recorded.

Precision of
Variable Units recording
Year
County BTO code*

1 km scuare code

Transect section

Habhitats

Visit (Sampling) date

Visit code

Weather

Start time

Finish time

Species seen

Distance category (from transect)
Bird activity

Number by species & distance

Nat. Grid reference
numeric code (1-10)
BTO codes®

character code (E=earlyL=late)
BTO codes®

BST 24-h clock 1 min
BST 24-h clock 1 min
BTO code?

BTO code’

BTO code?

count 1
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Moorland birds (BM)

Moorland birds are monitored twice annually, between early April and
mid-May and between mid-May and end June, through complete survey of
selected 0.25 km squares. Locations and acivities of moorland birds by
species are marked on to maps using the standard BTO notations given
overleaf, with the exception of five species: red grouse, meadow pipit,
skylark, twite and carrion crow — which are simply counted. The following
information should be recorded.

Precision of
Variable Units recording
Map-based recording
Recording (Sampling) date
Visit code 1 (first) or 2 (second)
Habitat features BTQO CBC method!
Species/nest location BTO codes®
Bird activity B3TO codes®
Square codes (1 km} numeric code
Subsguare codes (0.25 k) 1 character code (A-D)
Form-based recording
Date of recording
Start time BST 24-h clock I min
Finish time BST 24-h clock 1 min
Visit code 1 (first) or 2 (second)
Square code (1 km) numeric code
Subsquare code (0.25 km) 1 character code (A-D)
Numbers of the five species
to be counted count 1

Recording forms
1. Standard CBC surnmary sheets and BBS field recording forms are
available from the Census Unit, British Trust for Omnitholegy, The
Nunnery, Thetford, Norfolk [P24 2PU, UK. (Note that the CBC summary
sheets are normally completed by the BTO from interpretation of the
maps sent in by recorders.) The BTO normally arrange for the
preparation of CBC outline maps of the survey area,
2. A field recording form for moorland birds is available from the CCU.

Notes

. BTO CBC habitat mapping instructions (ppl74-176}
. BTO species codes (pl77)

BTO bird activity mapping symbacls (p178)

BTQ BBS county codes (p179)

. BTO BBS habitat codes (p180)

BTCO BBS weather codes (p181)

BTO BBS distance categories (p181)

SRR S
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Note 1

British Trust for Ornithology (BTO) CBC habitat mapping
instructions
(Taken from BTO Common Birds Census instructions)

Information on the nature of the habitat is an essential complement to the
data you supply on the numbers and distribution of the territorial birds on
your plot. It enables us to assess how representative is our index (by
comparing the habitat of our plots with that of farmland or woodland as a
whole), to compare the birds on plots of different habitat and, most
importantly perhaps, 1o measure the effects on birds of specified changes
in the environment.

If the habitat of your plot is subjected to major change, subsequent census
results may form the basis of a detailed case study. We are likely to
welcome the continuation of a census following such change, even where
the changed area is substantially less attractive for birds, but please check
with us first to ensure that results will be worthwhile.

The following items are needed annually to accompany each completed

census:

(a) a habitat map. A full habitat map is essential in the first year, but in
subsequent years il is necessary only 1o show changes from the
previous year's map, and any special information which is relevant to
that year (including field use on farmland plots). Details on compiling
habitat maps are given below.

(b) a completed habitat questionnaire. Each cbserver will be sent a
questionnaire before the start of the season, to be completed as fully
as possible and returned with the maps. The content of the
questionnaire may vary from year to year but for farmland will include
held-use (cropping, management, farm chemicals used, etc),
hedgerow management and other detailed aspects of habitat change.
If there has been no change on the plot, whether farmland or
woodland, this will be your opportunity to say sc.

[n addition, photographs of the plot are very helpful to the analyst, since
they give an accuraie impression of the habitat; they must be regarded as
a complement to the habitat maps and questionnaires, not a substitute.
Colour slides are particularly welcome. Please enclose them with a map
showing ihe points from which the photographs were taken, and a note
of the date.

Farmland habitat maps

In your first season, and in any subsequent season if you wish, please
complete a full habitat map. This should be on one of the outline maps
sent to you for the census and should describe the permanent skeleton of
the plot — including any hedges, fences, ditches, tracks and lanes,
farmsteads gardens, scrub, copses, permanent pasture, streams and
standing water — together with a note of the field use in that season.
Conventions are to mark hedgerows and wooded areas in green, and any
streams or standing water in blue. Mapping should extend for 50-100
metres beyond the plot boundaries. The following details should be given:
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(a) the plot boundaries, clearly marked

(b) contours, copied from ihe 6" or 22" OS5 maps

(c} a six-figure grid reference for a point near the centre of the plot

(d) adescription of each copse or block of woodland (see woodland
section below)

(e) the structure of each hedge in terms of height, width, shape, main
species of hedgerow shrubs and species and height of standard
trees, The positicns of standard trees should be marked with a cross

() position of any nestboxes

(g) any other details you think may affect the distribution of birds on your
plot.

Estimate hedge width at the height at which the width is greatest; for
hedges not recently trimmed it may be necessary to give ranges for
height and widih rather than single values.

A full habitat map will be welcome in any subsequent year of the census,

and would be particularly useful following a period of habitat change, but

the only recuirement following the initial year is for a ‘crops and changes’

map. This should show:

(a) any changes in the habitat since the map for the preceding year, eg
hedgerow losses, streams which have been dredged

{p) the cropping or fisld-use

(¢) the hedgerows present in that year, marked with a green line

(d) the period of the season for which any standing water was present.

The ‘crops and changes' map can be used to illustrate points you mention
in your answers on the annual questionnaire. Please remembser that unless
you inform us of changes we might assume that the information on your
previcus habitat map is correct, 50 it is very important to keep up to date
with recording habitat change.

Habitat information is best collected during the course of normal visits, but
make a special visit if you wish. Notes made on the visit maps-should be
cancelled as they are copied tc the habitat map.

Woodland habitat maps

As for farmland, a full habitat map is requested to accompany your first

census. Please read the section on farmland habitat maps and mark all

the features listed there, where relevant to the habitats present on your

plot and in the surrounding 50-100 metre zone. In addition, the following

specifically woodland features should be recorded:

(a) rides, clearings and glades

() boundaries between the major stand types, together with a brief
description of each type.

Stand types can be recognised as blocks of woedland within which the
" tree and shrub species and the woodland structure are broadly uniform.
Please provide the following details for each stand:

1. Management type: stands may vary in management {eg high forest,
wood pasture, active coppice, derelict coppice). In coppiced woods,
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the beundaries of different ages of coppice should be marked and the
approximate date of cutting provided. Please inform us of any
management activity on the annual questionnaire.

2. Canopy or tree layer: list the dominant species of trees and estimate
by eye the approximate % cover for each tree species contributing
more than 10% of the total ground cover. Alsc estimate the typical
height of the dominant tree species: BTO staff can advise on methods
if necessary.

3. Shrub layer: (1-5 m above ground): list the main species, their
typical height and approxirnate % cover.

4. Field layer and ground composition: record the approximate % cover
of grass, heather, herbs, bracken, bramble, rocks, etc.

Many plots contain only three or four different stand types which can be
readily identified, and it will be rare to need more than seven or eight. A
friendly botanist may be able to assist. If in difficulty consuit the BTO.
Flease remember to keep us informed of any changes in habitat in
subsequent years. Maps showing changes only would be welcome in
addition to the completed questionnaire.
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Note 2.

BTO species codes

AC
AE
AV
BY
B0
BR
BI
BK
BH
BW
BY
8x
B.
BC
Y
BN
BJ
BU
BT
BL
BF
BZ
C.
CG
cP
cw
CH
cc
CF
CL
cT
co
cM
cs
cX
CN
CE
co
CA
CcB
cl
CR
cK
cu
ow
DI
DO
DN
0.
EG
E.
FP
FF
EC
F
GA
GX
GW
GY
GG
EA
oL
GF
GP
GN
GO
GD
al
GH
GB
GG
ND
G5
NX
aT

Arctic Skua

Asctic Tern.

Avocet

Bamacle Goose
Barn Owl

Bearded Tit

Bittern

Black Grouse
Black-headed Gull
Black-tailed Godwit
Black-threated Diver
Black Redstart
Blackbird

Blackcap

Black Guillemot
Black-necked Grebe
Black Tern
Bluethroat

BluaTit

Brambling
Bullfinch

Buzzard

Carrion Crow
Canada Goose
Capercaillie

Cetti's Warbler
Chaffinch
Chiffchaff

Chough

Cirl Bunting

Coal Tit

Collared Dove
Common Gull
Common Sandpiper
Common Scoter
Common Tern
Corncrake

Coot

Cormorant

Com Bunting
Crested Tit
Crossbhill

Cuckoo

Curlew

Dartford Warbler
Dipper

Dotterel

Duntin

Dunnock

Egyptian Goose
Eider

Feral Pigeon
Fieldfara

Firecrest

Fulmar

Gadwall

Gannet

Garden Warbter
Garganey
Goldgrest

Golden Eagle
Golden Oriole
Golden Pheasant
Golden Plaver
Goldeneye
Goldfinch
Goosander
Goshawk
Grasshopper Warbler
Great B.b. Gull
Great Crested Grebe
Great Northern Diver
Great Spotted Woodpecker
Great Skua

Great Tit

GE

GR
GK

GJ

GL
Gu
HF
HH

HY
HZ
HC
HP
HM
HS
JD

KF
Kl
LM

TL
LB
LS
Lw
LI
LG
Ly
LO
LP
AF
LE
LT
MG

MN
MX
MR
MT
Mw
MP
MU
ML

MH
MS
NJ
oP
oc
PE
PF
PW
PT
PM
PU
FS
RN
RG
RM
RQ

FV
KT
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Green Sandpiper
Green Woodpecker
Greenfinch
Greenshank

Grey Heron
Greylag Goose
Grey Partridge
Grey Waglail
Guillemot
Hawfinch

Hen Harrier
Herring Gull
Hobby

Honey Buzzard
Hooded Crow
Hoopoe

House Martin
House Sparrow
Jackdaw

Jay

Kestrel

Kingfisher
Kittiwake

Lady Amherst's Pheasant
Lapland Bunting
Lapwing

Leach's Petrel
Lesser B.b. Gull
Lesser Sp. Woedpecker
Lesser Whitethroat
Linnat

Little Grebe

Little Guil

LittleOwl

Little Ringed Plover
Little Tern
Long-eared Owl
Long-tailed Tit
Magpie

Mallard

Mandarin

Manx Shearwater
Marsh Harrier
Marsh Tit

Marsh Warbler
Meadow Pipit
Mediterranean Gull
Merlin

Mistle Thrush
Moorhen
Montagu's Harrier
Mute Swan
Nightingale
Nightjar

Nuthatch

Osprey
Qystercatcher
Peregring
Pheasant

Pied Flycatcher
Piad Wagtail
Pintail

Pachard
Ptarmigan

Puffin

Purpte Sandpiper
Quail

Raven

Razorbill

Red Grouse
Red-backed Shrike
Red-breasted Merganser
Red-crested Pochard
Red-footed Falcon
Red Kite

Red-legged Partridge
Red-necked Phatarope
Red-throated Diver
Reepoll :
Redshank
Redstart
Redwing

Reed Bunting
Reed Warbler
Ring Qusel
Ring-necked Parakeet
Ringed Plover
Robin

Rack ove

Rock Pipit

Rook

Roseate Tern
Ruddy Duck
Ruff

Sand Martin
Sandwich Tern
Sawvi's Warbler
Scarlet Rosefinch
Scaup

Scottish Crossbill
Sedge Warbler
Serin

Shag

Shelduck
Shorelark
Shert-eared Owl
Shoveler

Siskin

Skylark
Slavonian Grebe
Snipe

Snow Bunting
Song Thrush
Sparrowhawk
Spotted Crake
Spotted Flycatcher
Starling

Stock Dove
Stonechat
Stone-curlew
Storm Petrel
Swallow

Swift

Tawny Owl

Teal

Temminck's Stint
Trea Pipit

Tree Sparrow
Treacreeper
Tufted Duck
Turtle Dove
Twite

Walter Rail
Wheatear
Whimbrel
Whinchat
Whitethroat
Whooper Swan
Wigeon

Willow Tit
Willow Warbler
Woaod Warbler
Woodcock
Woodlark
Woodpigeon
Wood Sandpiper
Wren

Wryneck

Yellow Wagtail
Yellowhammer




Note 3

BRITISH TRUST FOR ORNITHOLOGY (BTO):

BTO bird activity map symbols

BIRD ACTIVITY MAP SYMBOLS

(Sheet reproduced from BTO instructions for CBC recorders)

This standard list of conventions is designed for clear and unambiguous recording. Symbols can be combined where
necessary. Additional activities of territorial significance, such as display or mating, should be noted using an

appropriaie clear abbreviation.
CH. CH O .CH o
3CHuve. CH2 77 | 0

R tam

*PW on

PW mat
PW food

Chaffinch sight records, with age, sex or number of birds if appropriate.
Use CH $Z to inelicate one pair of ChafTinches, so that: 2CH _1(22

means (wo pairs together,
Juvenile Robins with pareni(s} in attendance
A calling Robin

A Robin repeatedly giving alanm calls or other vocalisations (not song) thought
10 have strong tetritorial significance

A Robin in song

Anaggressive encoumnter between two Robins

Anoccupied nest of Robins, Do not mark unoccupied nests, which are not of
temitorial significance by themselves

Blue tits nesting in a specially provided site. Please remember to use this special
symbol for a nest in a nesthox.

Pied Wagtail nest with adull satting
Picd Wagtail carrying nest material
Pied Wagtazl carrying food

Movements of birds can be indicated by an arrow using the following conventions:

QR 7
oO———
ﬁ—#_}BOZ

WR — 5 wR

'A calling Greenfinch fyimg over (seen only in flight)
A singing Dusinock, perched then flying away (not seen o land)

A male blackbird flying in and landing (firsl secn in ftight)

A Wren moving between two perches, The solid line indicates that it was
deftnltelv the same bird,

The following conventions indicate which registrations relate 10 different, and which to the same individual birds.
Their proper wse will be essentizl for the accurate assessment of clusters.

&) -

€
—®

Cox

|

WR mat

X

1

Two Wrens in song at the same time, i.e. definitely different birds. The dotted line
indicates a simultaneous registration (or contemporary contact) and is of very great
value in separating lerritories,

Two Linnet tests occupied simultaneously, and thus helonging to different pairs.
This is another example of the value of dotted lines. Only adjacent nests need 1o be
marked in this way,

‘The solid line indicates that the registrations definately refer to the same bird.

This question-marked solid line indicaies that the registrations relate o probably
the same bird, This convention is of particular use when your census route brings
you back past an area ulready covered - it is possibk: 10 mark new positions of
{probably the same) birds recorded before, withoul risk of double-recording. IF you
record birds without using the question-marked solid ling, over-gstimation of
territories will resull.

No line joining the registrations - it will be assumed that the birds are probably
differcnt, but depending on the paitern of other registrations they may be wreated as
if only one bird was involved, (You may if you wish use a question-marked dotted
ling, indicating that the registations were alimost ceriainly of different birds.)

Where adjacent nests are marked without a line, it will ofien be assumed that they
werc in first and second broods, or a replacement nest following an earlier failure.
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Note 4

BTOQ BBS county codes

Adways fill in the county on recording and summary sheets using the four-letter
code from the list below

England

Avon

Bedford

Berkshire
Buckinghamshire
Cambridgeshire
Cheshire
Cleveland
Comnwall

Cumbria
Derbyshire
Devon

Dorset

Durham

Essex
Gloucestershire
Hampshire (excl IoW)
Hereford & Worcs
Hertfordshire
Humberside

Isle of Wight

Kent

Lancashire
Leicestershire
Lincolnshire
London {Greater)
Manchester {Greater)
Merseyside
Norfolk
Northamptonshire
Northumberand
North Yorkshire
Nattinghamshire

GBAV
GBBD
GBBK
GBBC
GBCA
GBCH
GBCV
GBCO
GBCU
GBDB
GBDV
GBDO
GBDU
GBES
GBGL
GBHA
GBHF
GBHMT
GBHU
GBiw
GBKE
GBLA
GBLE
GBLI
GBLO
GEMA
GBME
GBENK
GBNH
GBNL
GBNY
GBNT

Oxfordshire
Shropshire
Scilty Isles
South Yorkshire
Staffordshire
Somerset
Suffalk

Surrey

GBOX
GBSA
GBS}

GBSY
GBST
GBSO
GBSK
GBSR

Sussex (West & East) GBSX

Tyne & Wear
Warwickshire
West Midlands
West Yorkshire
Wiltshire

Isle of Man
Isle of Man

Scotland
Borders Region
Central Region
Dumfries &
Galloway Region
Fair Isle

Fife Region
Grampian Region
Highland Region
Lothian Region
Orkney

Shetland
Strathclyde Region
Tayside Region
Western Isles
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GBTY

GBWK
GBWM
GBwY
GBWT

GBIM

GBBR
GBCR

GBOR
GEFI
GBFR
GBGR
GBHR
GBLR
GBOR
GBSH
GBSC
GBTR
GBWI

Wales
Anglesey
Clwyd
Dyfed
Glamorgan
Gwent
Gwynedd
Powys

Northemn Ireland
Antrim

Armagh

Down
Fermanagh
Londonderry
Tyrone

Channel slands
Aldemey
Guemsey

Herm

Jersey

Sark

GBAN
GBCw
GBDY
GBGM
GBGT
GBGD
GBPO

GBUN
GBUR
GBUD
GBUF
GBUL
GBUT

CIAL
ciGu
CIHE
ClE
CISA



Note 5

BTO BBS habitat coding system

BTO HABITAT CODING SCHEME

LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4* LEVEL1 LEVEL 2 LEVEL 3 LEVEL 4
A WOODLAND 1 Brosdiesved 1 Mixad-aged or 1 Danse shrb € FARMLAND 1 improved 1 Hedgerow with % Ungrazed
2 Coniterous wami-natursl layer qgrassland s T Cattie
3 Mixed 2 Coppice with 2 Modersts 2 Unimproved 2 Hedgerow 3 SBhesp
{10% ot sach) rtenderds ahngb tyyar grassland without tress 4 Horam
4 Brosdlasved 3 Coppice 3 Bperwa shrub 3 Mixed graes’ 3 Trae-Hne & Other etock
water-logged without standards laysr tiled land whhout hedgs 6 Bars earthiplough
§ Coniferous 4  Mature plants- & Denss flald 4 Tiled land 4 Othar field 7 Autumn cereal
water-logged ton {taber r & Crchend boundery (wal, 8 Spring cerast
# Mixed than 10m, with & Modarate flsld § Othar ferming ditch, ate.) # Root crops
water-logged chased canopy| loyer Inclated group (epacity}
Young plante- # Bparse flsld of trass 10 Othas crops
tion {6~ 10m, layer & Fammysrd lwpacity)
open tanopy] 7 Qrazed [acthva) 11 Oll sead raps
#  Parkland imodetute to 12 Othet brassicas
[scattered heavy) fepechy)
treas snd 8 Lighxty grazed 13 Stwbbk (clesn
otiviy wwasl 9 Desd wood 14 Btubbls {weady}
7  High-medium prassnt 16 _UnsowivFalkow
disturbance 10 Dasd wood
trom peaphe wheent F HUMAN 1 Urhen 1 Building 1 indusyrial
8 Low disturbance SITES 2 Subwben 2 Gardens 2 Ruakdantisl
3 Rural 3 Municipsl parks! 3 Welkwoodsd
4 Not welkwooded
B Ares of immge
B SCRUBLAND Y g 1 Broadi d 1 Pradomi by gerdens
(or young natusal or 2 Coniferous tall {3-6m) 8 Ams of madium
woodtand wemi-natural 3 Mixed 1  Pradoming L] qerdens
<bm tell) woodland 110% al mach) kew [1-3m) 7 Aresof amall
2 Downland 4 Brosdieaved 3 Densa shrub [} gardans
(chalk) nwemp scrub Inyar
3 HMeathserub 6 Coniferous 4 Moderats L]
4 Young awamp scnady whnuds Leyer
coppice  Mixed & Sperse
§ Now swamp scrub ahnah Layer ?
lartation 7 Highrmedium # Extenshe ]
@ O falled disturbance bracken
woodlend, trom peopls T Dwnse Tinkd Liyer o WATER 1 Pond {leas 1 Undisturbed! 1 Eutrophic
with of with- 8§ Low & Moderste BCDES than 50m7 disused {grean water}
Qut new disturbance finkd Loyer tfreshwster) 2 Smak 2 Weter sports 2 Obigotmphic
usplings 9 Spares Bald layer Wite-body (nniing etc} {claar watsr,
T Othar 10 Qrazed {50-450m" 3 Amgling fow weeds)
Imoderate 3 Leke/undined lcomua or geme) 3 Dystrophic
to heavy) msarvolr 4 Coarss sngling {black watee)
4 U & Gamae fiwhing 4 Mard {clanr
[ T T 8 industrial water, lange
& Gravel pit, activity
< SEMK 1 Chalk 1  Hadgerow 1 Ungrazed word pit, Wt 7 Sewnge
NATURAL downland with tress 2 Carthe L]
GRASBLAND 2 Grams moor 2 Hadgerow 3 Sheap
MARSH (unencicsed) without tress 4 Horeas 7
3 Grasamoor 3 Tree-line § Rabbha
mixed with without 8 Dear 2 Smal iland
hewther 4 Other fisld 7 Other grazen weter fess
tunenciosad} boundary iwell, 8 Extensive then 2m wide)
& Machelr ditch, sto} brscken # Smedl canal
§ Other dry §  leolated group §  Hay 12-5m wide)
grassisnd af 1-10 trees 10 Lerge canal tmore
1 Water- & No tisld boundary than 5m wide)
maadow/ 7 Montsne
grazing mansh 8 High-medivm H COASTAL 1 Marne - 1 Mod or siit 1 CRif vartical/
7 Rased swamp dinturbancs opanshore 2 Sand ateaply shaping
& Other opan from pacple 2 Marine shors - 3 Shingle 2 Dure
mersh 9 Llow Intat/cave! 4 PRocky 3 Flat/pantiysloping
» Sshmeseh dimturbancs loch 6 Fully vspgetatsd &  Small istend
3 Estustine 8 Sparse/madium 6 Spit
& Brackish vegstation & Duns slack
lagoon T inter-tidel 7 Sioping ground
D HEATHLAND 1 Dry hesth 1 Montens 1 Ungrazed & Open saa & Below low- B Undistuwrbaed
AND BOOS 2 Wethaath 2 Raised bog 2 Cmrie water mark #  Disturbed
3 Mivad 3 Veley/ 3 Ehaep T Sloping
hawth basin bog 4 Horses ground
4 Bog 4  Biankst bog § Rabdirs 3 Undisturbed
& Brackisnd & Heath mined & Dowr 8 Diwturbed
& Drained bog with rough grese 7 Othes grazers
&  Hesth § Poughsd | INLAND 1 cn 1 Active 1 Bars rock
without grase  #  Bumed AOCK 2 Scrwafboulder T Disused 2 Low vegatetion
7  Hasth with 10 Planted with slope 3 Maontane presant {mansas,
axtensive bracken  aapings fesn 3 Limestone 4 Non-montens Fuprwerts, sich
B Undstermined bog  then 0.5m tall pevemnent & High 3 Oraviss present
8 lsolsted group 4 Other rock disturbance 4 Scrub prasent
af 1410 tuer outeeop from climbars/
10 High-madium & Guery walkers a1,
disturbance $ Mins/epoly & Medium
tom people alsg hasp disturbance
11 low disturbancs T Cave 7 Low disturbance

4 _MUSCELLANEDUS

® Shwud lnyer comprisss woody plante kess then Gm tell,  Feid i ywr
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Note 6

Note 1

BTO weather codes for Breeding Birds Survey

Cloud cover: 0-33% =1 Rain; None=1
33-66% =2 Drizzle = 2

-668-100% =3 Showers = 3

Wind: Calm = | Visibility Good =1
Light = 2 Moderate = 2

Breezy =3 Poor =%

BTO distance categories for Breeding Birds Survey

Distance from transect line Distance category
0-25m 1
25-100 m ) 2
>100 m (whether in km square or not) 3
Birds in flight only (at any distance} F
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1.16 Core measurement: vertebrates — bats (BA Protocol)

Bats are recorded along a pre-defined transect four times per year, and
species and behaviour codes are marked on to maps. Habitat maps are

also prepared each year.

Precision of
Variable Units recording
Map-based recording
Year of recording
Habitat habitat codes’
Visit code numeric code (1-4)
Start and end positions
of each half of transect character code (A-D)
Species character code?
Behaviour code character code®
Form-based recording for each half of the transect
Visit (Sampling) date
Start time GMT 24-clock 1 min
Finish time CGMT 24-h clock 1 min
Start position character code (A-D)
Start temperature °C 0.1
Finish temperature °C 0.1
Cloud cover at stari eighths scale
Cloud cover at finish eighths scale

Recording forms
A recording form is available from the CCU.

Notes

1. Habitat codes (pl83).

2. To record the presence of a bat, mark O on the map. If the species is
identified, add one of the following species codes to the left of the O;

Noctule Nn
Serotine Es
Myotid species M
Daubenton's Md
Natterer’s Mn
Pipistrelle Pp
Long-eared species P

3. Behaviour codes should be added 10 the right of the O on the map,
and are as follows:

Bat seen but not heard 5
Bat heard echo-locating h
Feeding buzz heard f
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Note 1 Habitat codes for bat monitoring

A. Linear features

1.

Lol

10.
11.
12.

Hedgerows: <4 m high and <5 m wide. All hedgerows are classed
as continuous if the gaps are <5 m wide. Mark all larger gaps with
a cross-line through the hedgerow and classify each gap as 5-10
m, 11-15m, 16-20 m, 21-25 m, 26-30 m, 31-35m, >335 m
Treelines: a line of single trees (minimum of 3} >4 m high and <2
crown widths apart; continuous and close-knit canopies

Treelines: as in 2. but discontinucus and spread out

Stone walls

Footpaths: small paths, usually only wide enough for one ar two
people

Tracks/bridleways: more substantial than above, with an earth or
hardcore base but not tarmac

Roads: tarmac or similar base

Ditches: usually small, perhaps temporary, watercourses; see 9-12
below

Streams: flowing water, with no evidence of canalisation, and
usually perennial flowing water. Ditches are more likely to dry up
and the water flow is more likely to be interrupted

Fast-flowing, rough rivers

Slow-flowing, smooth rivers

Canals: man-made channels

Please note that it is pessible to find cne or more linear features In
association, eqg a footpath beside a stone wall, or a tree line in a hedgerow.
In such circumstances, both features should be marked on the map.

B. Other habitat features

13.

14,

15.

186.

17.

18,

19.

20.

21.

22.

Semi-natural broadleaved woodland: predominantly of
broadleaved trees >5 m high with a semi-natural appearance
Broadleaved plantations {(including orchards): tree species not
native to the site, even-aged and >5m

Semi-natural coniferous woodland: predoeminantly conifercus trees
of any height with semi-natural appearance (confined to Scots pine,
juniper and yew)

Coniferous plantations: predominantly coniferous trees which have
been planted and are >5m

Semi-natural mixed woodland.: at least 25% broadleaved or 25%
coniferous trees, of natural appearance with trees >S5 m

Mixed plantation: at least 25% broadleaved or 25% coniferous
trees, planted and >5 m

Young plantation: trees <5 m high, either broadleaved or
coniferous, which have been planted -

Recently felled woodland: areas for which there is evidence that
woodland has been felled within the past year

Parkland: areas where tree cover is <30%, the majority of the trees
are 30-70 m apart and a minimum of ten trees

Tall scrub: 3-5 m high

183



23
24

25
26
27

28

29,
30,
3l
33.

34.

35.

36.

31.

39.

40

4}.

42

- Low scrub: <3 m high including bracken

. Beach: includes sand dunes, sand/mudflats, shingle or boulder
beaches

. Lowland heaths: lowland areas with >25% dwarf shrubs

. Heather moorland: as above but for upland sites

. Bog: areas of peat with vegetation dominated by heather and/or
cottongrass

-Wet ground: areas of wet ground found in association with other

habitats, eg wet areas in a grass field or flushes in upland areas

Ponds: upto 0.5 ha

Lakes: more than 0.5 h

Standing man-made water: artificially created reservoirs and

impoundments, including mill ponds

Upland unimproved grassland: will include some areas used for

rough grazing and poor-quality grassland such as purple moor-

grass, unimproved by {ertilizers, herbicides or drainage

Lowland unimproved grassland: may be regularly grazed or mown,

but may be totally neglected. Unimproved by fertilizers herbicides

or drainage. Includes herb-rich grasslands on limesione, chalk,

clifi-tops, etc

Semi-improved grassland: slightly modified by fertilizer or

herbicide application, or by heavy grazing pressure and/or

drainage

Improved grassland: grassland which has had reqular treatments of

fertilizer and/or herbicide but not including leys (see 40)

Arable: all classes of arable land, including grassland leys and

horticulture. A grassland ley is defined as short-term grassland,

and will usually have been re-seedéd less than five years

previously. It is characterised by evidence of ploughing, bare soil

between grass plants, a scarcity of broadleaved plants, and is

usually dominated by a single grass species, often rye-grass.

There are usually less than 5-10 species per square metre.

Category 36 consists of longer-term grassland with a higher

density of grass and broadleaved species, usually in enclosed land

. Amenity grassland: includes well-maintained non-agriculural

grass

Rock surfaces

. Quarries and open-cast mines: any excavation {gravel or chalk

pits, etc)

Bare soil on unvegetated ground not falling into 39 or 40.

. Built land: any urban areas including gardens and transport
corridors

. Others: please specify
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1.17 Core measurement: vertebrates — rabbits and deer
(BU Protocol)

Rabbiis and deer are recorded via dropping counts in sections along pre-
defined transects twice per year, in late March and late September. Each
transect is regarded as a single sampling location (code 01, 02, etc).

Precision of

Variable Units recording
Date droppings cleared
Date droppings recorded (Sampling date) .
Transect section character code {Tn)'
Number of rabbit droppings count -

. Number of deer droppings count 1
Transect section length m 0.1

Habitat description

Recording forms

Two recording forms are available from the CCU, one {or recording
droppings of rabbits and deer, and one to describe lengths and habitat
types for each section. The second of these is to be completed on the first
year of survey, and again if any habitat change occurs, or transects
sections have 1o be altered. The number of transect sections used
depends on the habitat pattern at each site.

Note
1. Transect sections should be numbered sequentially across both
transects so that they are unique within each ECN site.

1.18 Core measurement: vertebrates — frog spawn (BF Protocol)

Frog spawn menitering is conducted annually at selected ponds and
ditches, taking daily measurements of spawn and weekly measurerments of
pond environment. A single sample of pond water, taken at the time of
first spawning, is analysed annually for a set of chemical determinands
{see below). The pond is checked weekly from the 1 January for signs of
frogs congregating and calling, Daily records are made of spawn
developmemn: from the time the frogs are first seen congregating until the
first eggs have hatched. Weekly records of pond pH and temperature are
made between the date of first spawning and the date on which the
newly metamorphosed frogs are first seen leaving the pond.

Precision of
Variable . Units recording
Pond ID as location code (01,02, etc)

Date frogs first seen congregating

Date of firsi spawning

Date of first hatching

Date newly metamorphosed frogs first seen leaving
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Pond sample

Sarnpling date
pH pHscale 0.1
Condugctivity pS cm! 0.1
Alkalinity mg I 3 significant figures
Na* mg 1! 3 significant figures
K mg M 3 sigmificant fiqures
Ca* mg I 3 significant figures
Mg? mg I 3 significant figures
Fe? mg I 3 significant fiqures
AP mg I 3 sigmificant figures
PO>-P mg 1! 3 sigmificant figures
NH,*-N mg I 3 significant igures
cr mg 1! 3 significant figures
NO,—N mg I 3 significant figures
50,7-8 mg I 3 significant figures
Dissolved Organic Carben mg I 3 significant figures
Pond monitoring {weekly)

Recording (Sampling) date
Date Min/Max thermometers set

Depth at centre of spawning area cm 0.1
Minimum temperature °C 1
Maximum temperature °C 1
pH (at Position 1) pH scale 0.1
pH (at Position 2) pH scale 0.1
pH (at Position 3) pH scale 0.1

Spawn monitoring (daily)
Recording (Sampling} date
Date of last recording

Number of new spawn masses count l
Total surface area of pond covered by spawn m? 0.1
Percentage dead or diseased eggs % 1
Recording forms

A standard field recording form is available from the CCU. An example is
provided in Appendix IL.
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2. QGuidelines and formats for transfer of data to the ECN

CcCu

This Section describes the general procedures used in transferring
machine-readable data to the CCU for validation and input o the central
database. Detailed documentation describing the specific ransfer formats
for each core measurement are not provided here, but can be obtained from
the CCU.

ECN has adopied the term ‘core measurement’ to mean an aspect of the
envirenment on which a set of measurements will be made, ey vegetation,
soils, invertebrates. Each ECN site has been assigned a 'Site ldentification
Code', and each ECN core measurement (or subcategory of a core
measurement) a ‘Measurement Code’ which are referenced in the
database and in datasets transferred to the CCU. These identifiers are
listed in Appendix L

2.1 Data media

Data are sent over the Internet by electronic mail {e-mail), but may also be
sent by diskette where no Internet connection is available.

2.1.1 Transfer by electronic mail
Data should be sent to the e-mail address: ECN@ITE.AC.UK

Each e-mai! dataset (message) should normally contain data for only one
ECN core measurement and one ECN site. The dataset should begin with
header information, as described in Section 2.2.1 below and terminate
with END on a separate line. The subject field of each message is used to
describe uniquely its contents, including in particular the site and the
measurement code to which the data relate. For example: "Wytham MA
data, Jan-Mar 1994',

The first e-mail message of a set should be an infermation message
containing:
Site narne, Site [D code
Narne of person sending the e-mail
Date
A list of the data messages to follow {as described by the subject
field of each)
Any additional text information necessary to qualify each dataset
(see Section 2.4)

2.1.2 Disk transfer

Disks should be sent to ECN Database Manager, ITE Merlewood Research
Station, Grange-over-Sands, Cumbria LAl 1 6]U, UK.

IBM-format 3.5 inch diskettes should be used, labelled with:
Site name, Site ID code
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Name of the perscn sending the disk
Date sent
Core measurement codes contained on the disk

Each data file should normally contain data for only one ECN core
measurement for one ECN site, and begin with header information, as
described in Section 2.2.1 helow. Data file names should reflect the data
they contain, eg MAS6-1.DAT for automatic weather station data for the
first cuarter of 1996,

The disk should also include a file called 'inform.txt', which contains the
name of each data file and its respective ECN core measurement code
(see Appendix I) and dates, followed by any text necessary to quahfy the
data in that data file (see Section 2.4).

2.2 Data file format

The wide variety of software systems in use by ECN organisations has
made it difficult to standardise on specific software for data transfer, The
most straightforward solution has been to standardise on ASCII text files in
comma-separated format, which most software products are able to
support. Data entry forms with automatic validation checks are currently
being developed for use by those organisations without their own
databases and associated data entry software.

Each data record is uniquely referenced in time and space within the ECN
database. The logical structure of datasets is different for each ECN core
measurement, and this affects the format for data transfer. For most transfer
datasets, each individual data record will include a date reference - the
Sampling Date — as one of its key fields. A spatial reference to site and
internal lecation code must also be provided; this may either be part of the
header information or one of the fields in the data record, depending on
whether the whole dataset refers to a single location (eg hourly data from
one AWS) or more than one (eg different stream water samples). These
details are provided in the data transfer documentation for each core
measurement, available from the CCU.

2.2.1 Data file header

Each data file should normally begin with four lines of header information,

as follows:

Measurement code (eg MM)

Site name {eg North Wyke}

Site ID code (eg 05)

Internal location code(s) (eg 01) and/or additional specified

information
The 'Location Code' is a numeric code which may be required to idemify a
particular instrument, TSS or location where an ECN site has more than one.

Where only one exists (eg most sites have only one AWS), it should be
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assigned the code 01. Where the dataset itself includes information from a
number of locations (eq strearn sites}, then the location codes should be
listed on the fourth header line, separated by commas, eg 01,02,03 for
ihree soeam sites. Some core measurements may require additional
information to be supplied on this line. Data transfer documents for
individual core measurements will indicate in more detail what is expected
here.

2.2.2 Datarecord format

The data transfer document for each core measurement gives details of the
required standard format for data records. A general principle is that data
should be in 'free-format’ with comma-separated fields in the order
specified in the transfer document. Guality codes describing any problems
relating io a given sampling date may be attached to each data record.
Section 2.4 describes the proc:edures for supplying quality codes and texi
in more detail.

2.2.3 Zero values

Data values of zero are equally as imporiant as non-zere values, and should
be transmitted to the ECN database in the same way. It is also imporiant that
the distinction: between zero values and missing data (see Section 2.3) is
understood. For example, if there is no water in a precipitation collector at a
given sampling date, the volume must be recorded as zerc, not as missing.

2.2.4 Dataset continuity

A dataset sent to the CCU for a given core measurement should continue
logically from the final record of the last dataset sent, so that there are no
gaps or overlaps. For example, if the final record of an automatic weather
station dataset is for 1100 on 1 February, then the first record of the next
dataset sent should be for1200 on 1 February f for some reason there are
breaks in the data, these should be explained in the accompanying
‘inform.ixt’ file or e-mail message (see Section 2.4).

2.3 Missing data and non-standard sampling dates
2.3.1 Missing data fields

Data values should be recerded as 'missing’ where a reading or sample
was not able to be 1aken, eq if an insirument has broken-down. Missing data
values should be recorded as 'null' fields by simply including the
separating comma in the data record where otherwise the.data value would
be. It is most important that these separating commas appear in the correct
position in the data record; otherwise it will not be clear which data field
refers 1o which variable. Information about the reasons for missing data
should be given either through the.quality codes attached io the data
records or, if no code is suitable, in the 'inform.ixt’ file or first e-mail
message, accompanied by dates or date ranges (see-Section 2.4 below).
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2.3.2 Missing data records

It is important that ECN samples or recordings are made on the standard

sampling due dates and according to the sampling periods specified in the

Protocols. However, there may be occasions where sampling or recording

is not possible, and all data fields are effectively missing. As a general rule,

data records for all dates on which sampling/recording is due, even if
missing, should be included in the dataset, with null data fields, and
appropriate quality codes and/or text supplied (see Section 4 below?.

Exceptions to this rule, where records may be omitted, are:

* ifthere are runs of more than three successive missing sampling due
dates, eg through instrumentation failure. However, information on why
dates are missing should be included in the first e-mail message or
'Inform.txt’ file (see Section 2.4).

+ if another date is effectively substituted for the sampling due date - for
example, if a surveyor is prevented from making a recording because
of bad weather, but successfully attempits to make the recording the
following day. In this case, only the data record for the substitute date
should he included, omiiting that for the sampling due date. However,
the cuality code 222 non-standard sampling date’ should be attached
to the substitute data record, and reasons given in the first e-mail
message or 'Inform.txt’ file (see Section 2.4).

» laboratory analysis results. Only those data records for which a field
sample has been provided should be included. (Information about
missing samples will be provided through their associated field
sampling datasets.)

2.4 Data quality
2.4.1 Supplying information about quality

Itis important that ECN data are accompanied by information about their
quality, Standard operating procedures and target cuality criteria are
specified in the measurement protocols and specifications are stored in
the ECN database. Wherever a value has been recorded using a different
procedure or specification, or where other factors beyond direct control
affect recording or sampling, this information needs to accompany the
data.

Where appropriate, pre-defined ‘quality codes' which describe common

sampling problems can be included on the end of data records, ie they

apply to a given sampling date at a single location. A list of quality codes

has been drawn up (see Appendix III) which uses a three-figure numeric

sequence,; codes are added to the list if problems continue to recur.

Examples are:

129  Condensation in diffusion tube

135  Pitfall trap flooded

101 No samplefrecording taken — equipment out of action/unable to
visit equipment

222  Non-standard sampling date
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999  Free-text information is associated with this data record
000  No problems with sampling/recording - no quality codes or text

apply

If a problem occurs with a particular measurement for which there is no
existing code, then free text comments should be recorded on the field
form and reported in the first e-mail message or 'inform.txt’ file when
transferring data to the CCU; quality code 998 should alse be attached to
the data record to indicate that text information has been supplied. New
codes are allocated in consultation with the CCU if the reporied conditicn
recurs regularly, and a new list issued. Those quality codes particularly
appropriate to a given core measurement are listed on its associated field
form and in its accompanying data transfer docurnent. Any number of
codes can be appended to a single data record. Quality code 000 should
be used where quality issues have been considered but no quality
information applies (either as codes or text). This provides positive
differentiation from the situation where information about quality has not
been considered at all {(assumed if no code at all appears at the end of a
data record).

Where data fields relate to time periods, eg total rinfall, the length of the
time period needs to accompany the data. Most data transfer formats
relating to a sampling pericd incorporate date/time ranges within each
sampling data record. However, there may be occasions when selected
variables run over longer time periods than others, eg where a recorder
forgets to measure the contents of the raingauge and therefore the
following day’s reading relates to two days' accurnulation. [t is particularly
important in these cases that appropriate quality codes and information
are supplied indicating non-standard time periods due to omissions,
instrumentation breakdown or inoperation between sampling dates.

2.4.2 Data checking and validation

It is most important that individual sites perform basic typing and
formatting checks on the dataset before it is sent to the CCU. Examples are:
+ datareported in the specified format,

- data fields in the specified order,

+ missing fields correctly indicated, and

« correct quality codes used where necessary.

Validation for categorical codes and numeric data ranges will be made as
data are entered into the ECN database. However, values which fall
outside the ranges will only be discarded if there is a clear explanation,
such as instrumentation error, and carrections made where possible. If the
reason is unclear, the values will be stored, but qualified in the meta-
database. For these reasons, recorders are asked not to alter data unless
there is a clear explanaticn for error. Any alterations made on this basis
(apart of course from typing and formatting errors), or any suspicions about
the validity of the data should be detailed in the first e-mail message or
‘inform.txt' file,
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2.5 Frequency of data transfer to the CCU

How often data are transferred to the CCU and the time-lag between data
capture and data transfer will depend to some extent on the core
measurement Protocol. [t is necessary to strike a balance between keeping
ihe database as up-to-date as possible, validating data as quickly as
possible, and on the other hand maintaining a realistic level of workioad for
all those involved. In addition, the CCU has a responsibility to produce
summary statistics and carry out analyses to meet agreed schedules. [t is
suggested that quarterly iransfers of data with up to a one month time-lag
would be suitable for those core measurements which are monitored
throughout the year. Information about frequency and time-lag {or data
transfer is included in the respective transfer documents.

2.6 Data receipt and data backup

Data received by the CCU are acknowledged when safely transferred into
the database. Disks are returned to sites in batches. Suitable ‘arrangements
have been made for backing up the ECN database itself. However, it will be
particularly imporiant to ensure that data are secure during the time
between collection and entry into the database, For this reason, sites should
ensure that they keep copies of the data at least until safe storage is
acknowledged. Sites are asked also to keep hard copy recording forms for
as long as is practicable, as an ultimate reference for any information which
may have been missed when coding and entering data.

A.M.]. Lane
ECN Database Manager
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APPENDIX 1 ECN terrestrial site ID codes and core

measurement codes

SITE IDENTIFICATION CODES - terrestrial sites (1996)

01
02
03
04
05
06

DRAYTON 07 SOURHOPE
GLENSAUGH 08 WYTHAM
HILLSBOROUGH 09 ALICEHOLT

MOOR HOUSE/UPPER TEESDALE 10 PORTON DOWN
NORTH WYKE 11 Y WYDDFA/SNOWDON
ROTHAMSTED

CORE MEASUREMENT CODES

MA
MM

AC
PC

WD
wcC

SB
SC

SF

S5

VB
vC
VF
VW
VH
VP
VA

IT
M
IB
s
IG

BC
BB
BM
BA
BU
BF

Meteorology: AWS
Meteorology: manual

Atmospheric chemistry
Precipitation chemistry

Surface water: discharge
Surface walter: chemisiry and quality

Soil survey and classification: baseline data

Soll characterisation and change - coarse-grain menitoring (every 20
years)

Soil characierisation and change - fine-grain monitoring (every five
years)

Soil solution chemistry

Vegetaiion - baseline survey

Vegetation - coarse-grain sampling
Vegetation - fine-grain sampling
Vegetation - woodlands

Vegeiation - hedgerows and linear features
Vegetation ~ permanert pasture
Vegetation ~ cereals

Invertebrates: fipulids
Invertebrates: moths
Invertebrates: butierflies
Invertebrates: spittle bugs
Invertebrates: ground predators

Vertebrates, common birds

Vertebrates, breeding birds
Vertebrates, moorland birds
Vertebrates, mammals; bats
Vertebrates, mammals: rabbits and deer
Vertebrates, amphibians: frog spawn
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ARPPENDIX II Example recording forms for ECN Protocols

Some example recording forms (*) are provided in this Appendix.
The full set, listed below, can be obained from the CCU.

Water chemistry (WC) - 1 recording form (*)

Precipitation chemisiry (PC) - | recording form

Soil sohution chemistry (S5) - | recording form

Atmospheric chemistry (AC) - 1 recording form (%)

Vegetation (V) — 15 recording forms (* VB oniy)

Tipulids (ST) — 3 recording forms

Butterflies (IB) — 1 recording form (from Butterfly Monitoring Scheme)
Spittle bugs (IS) - 3 recording forms

Ground predaters {IG) - 5 recording forms {* 2)

Common Birds Census (BC) - 2 swnmary sheets (from British Trust {or
Ornithology)

Breeding Bird Survey (BB) — 3 recording forms (from British Trust for
Ornithology)

Moorland birds (BM) - | recording form

Bats (BA) - | recording form

Rabbits and deer (BU) - 2 recording forms

Frog spawn (BF} - | recording form (*)
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Field recording form sample

WC

FIELD RECORDING FORM SAMPLE;

ENVIRONMENTAL CHANGE NETWORK: SURFACE WATER CHEMISTRY (WC)
(All dates to be given in dd-mon-yyyy format. All times to be given in GMT bh:mm format)

Collected By...................

Sample Code Time River Quality Quality Comments
(hhumm) | Stage(mm) | Codes
Mmt | Site ID Location
Code Code
WC 0l
WC 02
WC 03
wW(C 04

Field Quality Codes Most Relevant to this Measurement

101
102
103
106
113
114
115
116
117
118
119
120
126
127

No sample - equipment out of action / unable to visit equipment
Sample lost or tnudveriently discarded

Partial loss of sample

Snow during samnpling period

Sample discoloured

Bonfire in vicinity during sampling period

Heather burning in vicinity during sampling period
Forest fire in vicinity during sampling period

Straw burning in viciity during sampling period
Cruop spraying in vicinity during sampling period
Consltruction work in vicinity during sampling period
Liming in vicinity during sumpling period

River frozen - po sample

River dry - no sample

ECN/FRM/W(/27.8.90
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Field recording form sample

FIELD RECORDING FORM SAMPLE

ENVIRONMENTAL CHANGE NETWORK:
(All dates to be given in dd-mon-yyyy formet. All times to be given in GMT hh:mm lormat)

AC

ATMOSPHERIC CHEMISTRY

St NITIC e mrenereneS11€ 1D Location Coder.iini
| Date Tubes originally Se oul v ...cococoviececicscsiecceniseremsenes e cvessoe TIE SE QUL e
Date Tubes Collected: ......covirniirim e ieranaas Collection Time: .o e
BT PP e SRR PP PRPORIN
TUbES COLIECIET DY . ire st e sesmt s bbb s e s st s s
Sample Code Quality Quality Comments
Codes

Mmt | Site LD | Tube

Code Code

AC El

AC E2

AC E3

AC Bl

AC B2

AC B3
Tube Codes

E Experimental Tube
B Blank Tube

Field Quality Codes Most Relevant to this Measurement

101 No sampte - equipment out of action / unable to visit equipment
102 Sample {tube) lost or inadvertently discarded

114  Bonftre in vicinity during sampling period

115  Heather burning in vicinity during sampling period

116  Forest fire in vicinity during sampling period

117 Straw burning in vicinily during sampling period

128  Faunain tube
129 Condensation in tube

Date New tUDES SEL OULcvvrieereerieeimevermsmmrssnsnissasrane s
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Vegetation baseline recording form sample

!ENVIRONMENTAL CHANGE NETWORK: BASELINE VEGETATION RECORDING (VB) - Species Data

2m
[Sta Nama: Dote (dd-man-yyyy).... A
PIOE POSIHON ID.. ..o et e e e NCIFNE OF SuUVeYOri......ce. e N am
londard basekine 2m x 2m plot (5) or Woodiand 10m x 10m plot (WY 7. (or 10m x 10m for woodiand racording)
Species Code [Pres. | Species Code h:_l!podu Code [Pres.  Fspecies Code [Pres. | Species Code [Pres
rcen prouci ¢cy | 103] 1ot mpe 2308 ra 1ooet 530 foxal aceto 932 E:e obhas 1147
Jachl e 104 [Clad pyxiat 2379 um Urhan 634) Pedi syva 247 5D. 4201
Jachl ptoarm 165 [Cioa unclo 23%1 | 837 s 2617, o{s) 1187
JAgro canin 120 Cono maiu 43l Hede helx (g) 4521 Fhie piate o0 cespl 1210
Ao capit 123 [Conv arven 433 Hera sphon &1 Pice stch ey | 3122 one jocoo 1239
0 sk 122, ICory aved () 44| ies pos 363] g vuigo 970 vulga 1243
m ‘IMI it monog (9] 445 Hior sp 415 JProg unoul 1638 ok 1254
jasop gonic 150] Ciep 3. 2692 ok onat 560] [Pion ionce 073 ? xper 1277,
Alop prote 158 Cyno et 480) bioic ok o8l Fron mavor 024 olora 1273
jagenne | 147 Dact goma 465) Moo vuigo 2854 Plou schra t872 o aueup (e | 1275
JAnth odora 171 Doact mocul A58 fHyoc nonac 516 Poa annuo 081 capk 1960
anth syve 173 Dont decum | 124¢) Hvio spion 1231 Poa prate 988, eupi 1563
At elon 197, Do caspl a7 Hype puch 702 Poa v 990 Kphopou 1971
Jrurm mocul 201 Dasc o 478 Hypo cupie 1768 lpoty vuiga 905) %gy 1972
Aty 215 Dict hater 1615{ Hypo so. 4377 Poly cvicu %] racur 1978]
Aven fari 222 D1 scopa 16281 Punc acuti 719 [Poly pers 1008 oc sylva 1293
el peven 230) 0 U 482 Punc ortic 722 Poly Commu 1891 ol qisin 1295
t © 1 23 oros rotun 494 Lunc oulbo bely Poty junip 1894 Eel oy 1267
pwes o) [ 23 Dy dllct 299 bunc congl 720/ Pole onser 104)| Froi meca 1296
242 Deyo tix 500) bunc athus 730| Pote eract 104 Fiprma 1305)
o tywo 247] it repen 118 S 73 Fote opto 1050} ona ogg 2082
o 5p. 3041 mpe nignu 515 omi obum 749] JPrim vidga 1058 | T 2003
oM molll 5571’ tplcngm 91 Lomi purpu 753 Prun spanc {8) | 1065 Fymrxmc 1333
Eomnai 202] oA s 521 Yoo commu | 754 Provvago | 1059 orl jopon 1337
iCt wigo 78] Ep_u monto 52 Lot orate 758 Pseuouum | 1912 F\‘&tﬁu 1343
Comg ratun 288) oA podus 525) 86 50, 297 lPter ool iy f prote 1249
E arso 290 Cnan 532| Lol muth 75 patra (e} H7Y le‘ repan 1350
Corg prote 295 riC Clner 541 Loli peran Fil) robui (c)| 1078 M ocast 2967
jCexe biner 308} | T 543) Loni peric (g) 798 Racolonug | 1932 uiax ewop () 1363]
Come domis a2 o angua 548 Joph s, 7871 rorw acm 1081 Jurti choic: 1308]
ICaore echin 19| G vogin 548 Ol Comi B Raru ficor 1088 [Vace myth 1375
Core nigra 333 uph sp. 568 fLuzu compa 807 fony flamm 1089} [Veno anvan 1393
ICare poric: A wrh 50 4319 Luzu rruh 00| oy rapen 109%] [vero chomo 1390
[Cevo piut 344 Fout oving 574 it matit 839 Rhyt lorgy 1535) veto omc 1401
Cant nioro I Fost nibwa 578 fMerc petan Bad Fhy? soucx 1940} [vero perd 1403
[Cara tonia 384) LA 583 nky hornu 1792 Fosa sp 122 JYero sy 1408
Chon atbum 305 Frax excel (] 5891 Mk unciul 1807 Fruby frut opg | 1139 Mici sepiu 1418
Chay oppos 408 Gal opor 05 Mok coany 878 fume a'sa 1139 [Vicd palus. 1427
o anven A1) Py 609 My gole 893 Pume oo 1100 Mol tivfrel 43741
ks ponss aig scat 510) INox stric o00) puma congl | 1 ﬂ
[Cin vugo 419 ' mole 625) [Noxt ossi 9201 ins-..p 1143
—— m—
OTHER SPECIES CODE Prasgnce QTHER SPECIES CODE Prosence

(200 most common xpecies derived from ITE Merlewood Countryside Survey 1590}
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Vegetation baseline recording form sample

EFSTLTHAWEIND
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Quality codes most relevant to vegetation recording

130 Plot/transect/cell not surveyed

136  Cell not surveyed due to obstruction

132  Plot/transect/cell not accurately relocated

131  Trampling in plotiransect/cell

137  Flooding in plot/transect/cell

115  Heather burning in plot/transect/cell

117  Straw burning in plot/transect/cell

116  Forest fire in plot/transect/cell

133 Evidence of disease in plot/transect/cell

134  Significant disturbance in plot/transect/cell

138 Mowing in plot/transect/cell

120 Liming in plot/transect/cell

139 Muck/slurry/slag application in plot/transect/cell

140 Application of chemicals (eg fertilizers/sprays) in plot/transect/cell
141  Grazing by sheep in plovitransect/cell

142  Grazing by catile in plovtransect/cell

143 Grazing/browsing by deer in plottransect/cell

144  Grazing — other in plottransect/cell

145  Woodland management: coppicing in plottransect/cell
146 Woodland management: thinning in plot/transect/cell
147 Woodland management: clearfelling in plot/transect/cell
148  Woodland management: brashing in plottransect/cell
149 Wind-throw in plot/transect/cell

150  Anima! path present in plot/transect/cell

1561  Forest ride present in plot/iransect/cell

152  Human path present in plot/ftransect/cell

163  Path preseni (unspecified) in plot/transeci/cell

200  Adverse weather conditions affected survey

201  Biting insects affected survey

202  Failing light affected survey

Note

Codes 115,117,138,120,139 and 140 should ke followed up with details
of farming practices as part of the site management information — in
particular, actual chemicals used, how and when they are applied.
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Full names and codes of the 200 species used on the vegetation

recording forms

{Taken from the ITE Countryside Survey Database as the 200 most

common species in GB)

103 Acer pseudoplatanus (c)
104 Achillea millefolium

105 Achillea ptarmica

120 Agrostis canina

123 Agrostis capillaris

122 Agrostis stolonifera

144 Alliaria petiolata

156 Alopecurus geniculaius
158 Alopecurus pratensis
167 Angelica sylvestris

171 Anthoxanthum odoratum
173 Anthriscus sylvestris
197 Arrhenatherum elatius
201 Arum maculatumn

215 Athyrium filix-femina
222 Avena fatua

230 Bellis perennis

237 Betula pendula (c)

236 Beiula pubescens (c)
242 Blechnum spicant

247 Brachypodium sylvaticum
3046 Brachythecium sp.

258 Bromus mollis (syn}

262 Bromus sterilis

278 Calluna vulgaris

288 Campanula rotundifolia
290 Capsella bursa-pasioris
295 Cardamine pratensis
308 Carex binervis

312 Carex demissa

319 Carex echinala

333 Carex nigra

339 Carex panicea

344 Carex pilulifera

371 Centaurea nigra

384 Cerastium fontanum triviale
385 Chenopodium album

408 Chrysosplenium oppositifelium

415 Cirsium arvense
418 Cirsium palustre
419 Cirsium vulgare
2366 Cladonia impexa
2379 Cladonia pyxidata
2391 Cladonia uncialis
431 Conopodium majus

201

433 Convolvulus arvensis
441 Corylus avellana (s}

445 Crataegus monogyna {s)
2692 Crepis sp.

460 Cynosurus cristatus

465 Dactylis glomerata

468 Dactylorhiza maculata maculata

1249 Danthonia decumbens

477 Deschampsia cespitosa cespiicsa

478 Deschampsia flexuosa
1615 Dicranella heteromalla
1638 Dicranum scoparium
482 Digitalis purpurea

494 Drosera rotundifolia

499 Dryopteris dilatata

500 Dryopteris filix-mas

118 Elymus repens

515 Empetrum nigrum nigrum
391 Epilobiurn angustifolium
521 Epilobium hirsutum

522 Epilobium montanum
525 Epilebium palustre

‘532 Equisetum arvense

541 Erica cinerea

542 Erica tetralix

546 Eriophorum angustifelium
548 Eriophorum vaginaturn
568 Euphrasia sp.

4319 Eurhynchium sp.

574 Festuca ovina

576 Festuca rubra

583 Filipendula ulmaria

589 Fraxinus excelsior (¢}
605 Galium aparine

609 Galium palusire

610 Galium saxaiile

625 Geranium molle

630 Geranium robertianurm
634 Geum urbanum

637 Glechoma hederacea
652 Hedera helix {g)

661 Heraclewn sphondylium
3635 Hieracium pilosella (pil)
675 Hieracium sp.

680 Holcus lanatus



681 Holcus mollis

2854 Hordeum vulgare

516 Hyacinthoides nonscripta
1761 Hylocomiurn splendens
702 Hypericum pulchrum
1766 Hypnum cupressiforme
4377 Hypochoeris sp.

719 Juncus acutiflorus

722 Juncus articulatus

126 Juncus bulbosus

729 Juncus conglomeratus
730 Juncus effusus

736 Juncus squarrosus

749 Lamium album

753 Lamium purpureum

754 Lapsana comimunis

758 Lathyrus pratensis

4297 Leontodon sp.

795 Lolium multiftorum

796 Lolium perenne

798 Lonicera periclymenum (g)
2871 Loph sp.

800 Lotus corniculatus

807 Luzula campestris

809 Luzula multiflera

839 Matricaria matricarioides (syn)
864 Mercurialis perennis
1794 Mnium hornum

1807 Mnium undulatum (syn)
876 Molinia caerulea

893 Myrica gale

900 Nardus stricta

901 Narthecium ossifragum
932 Oxalis acetosella

8947 Pedicularis sylvatica
2917 Pellia sp.

960 Phleum pratense

3122 Picea sitchensis (c)

970 Pinguicula vulgaris

1868 Plagiothecium undulatum
973 Plantago lanceclata

§74 Plantago major

1872 Pleurozium schreberi
981 Poa annua

988 Poa pratensis

990 Poa trivialis

995 Polygala vulgaris

899 Polygonum aviculare
1008 Polygomun persicaria
1891 Polytrichum commune
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1894 Polytrichum juniperinum
1043 Potentilla anserina

1046 Potentilla erecta

1050 Potentilla reptans

1058 Primula vulgaris

1058 Prunella vulgaris

1065 Prunus spinosa (s)

1914 Pseudoscleropodium purum
1066 Pteridium aquilimumn
1077 Quercus petraea (c)
1078 Quercus robur (c)

1932 Racomitrium lanuginosum
1081 Ranunculus acris

1088 Ranunculus ficaria

1089 Ranunculus Nammuta
1095 Ranunculus repens

1939 Rhytidiadelphus loreus
1940 Rhytidiadelphus squarrosus
1122 Rosa sp.

1138 Rubus fruticosus agg.
1135 Rumex acetosa

1140 Rumex acetosella

1142 Rumex conglomeratus
1143 Rumex crispus

1147 Rumex obtusifolius

4291 Sagina sp.

1187 Sambucus nigra (s)
1210 Scirpus cespitosus

1239 Senecio jacobaea

1243 Senecio vulgaris

1254 Silene dioica

1272 Sonchus asper

1273 Sonchus oleraceus

1275 Sorbus aucuparia (c)
1660 Sphagnum capillifolium
1963 Sphagnum cuspidatum
1971 Sphagnum paiustre
1872 Sphagnurn papillosum
1976 Sphagmurn recurvum
1293 Stachys sylvatica

1295 Stellaria alsine

1297 Stellaria holostea

1298 Stellaria media

1305 Succisa pratensis

2982 Taraxacurn agg.

2003 Thuidium tamariscinum
1333 Thymus praecox arcticus
1337 Torilis japonica

1343 Trifolium dubium

1349 Trifoliwn pratense



1350 Trifolium repens

2989 Triticum aestivun

1363 Ulex eurcpaeus (5)
1368 Urtica dioica

1375 Vaccinium myrtilus
1393 Veronica arvensis

1396 Veronica chamaedrys
1401 Veronica cfficinalis

1403 Veronica persica

1406 Veronica serpyllifolia serpyllifolia
1416 Vicia sepium

1427 Viola palustris

4376 Viola riviniana/reichenb
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Ground predator recording form sample

Site Nome:....

ENVIRONMENTAL CHANGE NETWORK: GROUND PREDATORS (IG} - TRANSECT 01 1G l

........... Location (Transect Code):......01..........

Date fraps set out:............ Collected by ...

Species Spec. Code [Trap | %p2 Trap 3 |Trap 4 |Trap5 [Trapé [Irop 7 [Top 8

Trap @ |Tropi0

ECN/ERM/G1/6.6.96
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Ground predator recording form sample

ENVIRONMENTAL CHANGE NETWORK: GROUND PREDATORS (IG)

Site Name:.......

Date traps emptied (dd-mor-yyyy) ..o

PITFALL TRAP QUALITY INFORMATION

Collected by:.......

1G4

Trap ID No.| 798t o qlity Codes Quality Comments
Code
] 01
2 01
3 01
4 03
5 [0}
b 01 !
-7 0]}
8 01
Q 0Ol
.10 01
11 02
12 2
13 02
14 |02
15 02
16 02
. 17 02
18 02 -
19 02
20 02
21 03
22 03
23 03
24 03
25 03
26 03’
27 03
28 03
29 03
30 03

2056
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Quality codes most relevant for ground predator recording

101 No sample - ecuipment cut of acticnunable to visit equiprment

102 Sample lost or inadvertently discarded

103 Partial loss of sample (through damage to trap or other reasons)

106  Snow during sampling period

134 Significant disturbance in vicinity of trap

135  Pitfall trap flooded

115 Heather burning affected sample area during sampling period

116  Forest fire affected sample area during sampling period

117 Straw burning affected sample area during sampling period

118 Crop spraying affected sample area during sampling period

119 Construction work affected sample area during sampling period

120 Liming affected sample area during sampling period

121 Change ofland use affected sample area during sampling period

160  Pifall trap damaged

161  Pitfall trap lost

162  No antifreeze left in pitfall trap

163 Trampling by cattle during sampling period

164  Pitfall trap contained enough debris/mud to affect catch

165  Pitfall trap raised above ground level

166 Small amount of mud/debris in pitfall trap may have obscured small
ground predators

167  Pitfall trap lid removed during sampling period

168  Trampling by sheep during sampling period

212 Small mammal(s) in trap — species unrecorded

213 Short-tailed field vole(s) in trap

214  Pygmy shrew(s) in trap

215  Frog(s) intrap

216  Common shrew(s) in trap

217 Common lizard(s) in trap
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Frog spawn recording form sample
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APPENDIX III ECN quality codes for survey
(Current at 10th June 1996)

100 No information available — data lost

101 No sample/reading taken - equipment cut of actionunable to visit
equipment

102 Sample lost or inadvertently discarded

103 Partial loss of sample

104  Sample frozen when collected

105  Snow in funnel when sample collected

108 Snow during sampling period

107 Bird droppings in funnel

108  Insects in sample

109  Leaves in sample

110 Soil in sample

111 Unidentified debris in sample

112 Debris in funnel

113 Sample discoloured

114 Bonfire in vicinity during sampling period

115 Heather bumning in vicinity during sampling period

116  Forest fire in vicinity during sampling period

117 Straw burning in vicinity during sampling period

118  Crop spraying in vicinity during sampling period

119 Construction work in vicinity during sampling period

120 Liming in vicinity during sampling period

121 Change of land use in vicinity

122 Funne! assembiy replaced with clean one

123 Clip open

124  Tubing damaged

125  Cormections loose

126  River frozen - no sample

127 River dry — no sample

128 Fauna in tube

128 Condensation in tube

130 Plotitransect section not surveyed

131  Trampling during sampling pericd

132 Plotnot accurately relocated

133 Evidence of disease in plotttransect section

134 Significant disturbance in plovtransect section

135  Pitfall trap flooded

136 Cell not surveyed due to obstruction

137  Flooding of survey area

138  Mowing of survey area

139 Mucksslurry/slag application

140 Application of chemicals (details should be supplied)

141 Crazing by sheep

142 Grazing by catile

143 Grazing/browsing by deer

144 Grazing - other
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145
146
147
148
149
150
151
152
153
154
160
161
162
163
164
165
166

167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
200
201
202
203
204
205
206
201

Woodland management: coppicing

Woodland management: thinning

Woodland managerment; clearfeliing

Woodland management: brashing

Windthrow

Animal path present

Forest ride present

Human path present

Path present (unspecified)

Rolling of survey area

Pitfall trap damaged

Pitfall trap lost

No antifreeze left in pitfall trap

Trampling by cattle during sampling pericd

Pitfall trap contained enough debris/mud to affect catch
Pitfall trap raised above ground level

Small amount of debris/mud in pitfall trap may have obscured small
ground predators

Pitfall trap lid removed during sampling period
Trampling by sheep during sampling period

High river flow following snowmelt

Pond frozen

Spawn possibly killed by frost

Number of spawn masses too large to count

Number of spawn masses approximate '

Pond dried up

No frogs seen prior o spawring

Pond covered in snow

No newly metamorphosed frogs seen leaving pond
Spawn stranded and dried out due to falling water levels
Pond drying up — only small surface puddles remain
Trace rainfall recorded (marked as X' on Met Office form)
Water in funnel, through ne rain fell (XX’ on Met Office form}
Snow or sleet during sampling period

Wet bulb reservoir/wick frozen

Wet bulb reservoir/wick dry

Anemometer cups frozen

Rainfall catch likely to include some snow

Snow cleared from raingauge

Raingauge not level

Raingauge funnel blocked

Trace of snow recorded (X' for snow depth on Met Office form)
Adverse weather conditions affected sampling/recording
Biting insects affected sampling/recording

Failing light affected sampling/recording

No flow observed in river — standing water only

Material inadequately preserved

Suprplementary samples taken

Unidentified material archived

River stage iced up
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208
210
212
213
ala
als
ale
217
222
223
501
502
503
504
505
506
507
508
509
510
511

Water sampling site cleared of weed/algae

Too few adult spittle bugs found for colour morph analysis
Small mammal(s) in trap - species unrecorded
Short-tailed field vole(s) in trap

Pygmy shrew(s) in trap

Frog({s) in trap

Common shrew(s) in trap

Common lizard(s) in trap

Non-standard sampling date

Non-standard sampling time

Laboratory: no sample

Laboratory: sample tost or inadvertently discarded
Laboratory: partial loss of sample

Laboratory: sample discarded because of contamination
Laboratory: insufficient sample for measurement
Laboratory: measurement not made because of equipment failure
Laboratory: sample pre-fitered

Laboratory: significant deposit of black material on filier
Laboratory: significant deposit of brown material on filter
Laboratory: sigmificant deposit of green material on filter
Laboratory: no separate acidified sub-sample for Al and Fe
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APPENDIX IV Key to abbreviations for measurement units

Abbreviation
m

cm
mm

BST

Units

metre

centimetre
milimetre
micrometre
ldlometre

litre

millilitre

gramme
kilogramme

hectare

hour

mimite

second

year

Greenwich Mean Time
British Summer Time
degrees Celsius

square metre

cubic metre

metres per second

cubic metres per second ('cumecs')
Watts per square metre
micro-3iemens per centimetre
milligrarnmes per litre

millimole charge per kilogramme
kilogrammes per cubic metre
kilogrammes per hectare
milligrammes per kilogramme
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Chapter4 THE ECN DATABASE

Introduction

Databases form the core information resource for long-term monitoring
programmes like ECN, and should aim to provide a complete
representation of all information gathered over their duration. This is
becoming even more important because ragid developments in new
technology for remote access mean that the use and interpretation of
information rely less on personal contact with data providers, A meta-
information system is an essential part of any such database: it is not
sufficient simply to provide the data values themselves, but necessary to
include their description, derivation, measurement parameters, and
quality criteria. Long-term environmental research databases must be
reliable and stable, secure over a long timespan, accessible but with
access controls, and flexible enough to allow for spatio-temporal analyses
of a range of variables.

Users of data on environmental change range from scientists to the general
public. The ECN database is seen primarily as a long-term information
resource for scientific research into the processes of environmental
change. However, it also has an important role in providing UK
Government departmnents and agencies with more immediate informaticn
about long-term trends and early warning of environmental extremes
which may influence policy or require immediate action,

The ECN Central Co-ordination Unit (CCU) is responsible for data

handling in ECN and for the management and development of the

database. Figure 14 gives an overview of the ECN data management

system; its main components are:

« data input: data capture at ECN sites, transfer by electronic mail (e-
matil) and validation.

*+ database, meta-database and geographical information systern (GIS)

* remote data access systems

1. Data handling and database design

1.1 Data capture

ECN data capture requires mainly manual methods, recording on to
standard field forms or alternatively on to maps where the measurement is
concerned with spatial patterns over the site. Automatic methods are
currently used to record hourly meteocrological measurements and 15-
minute river stage and discharge. Wherever possible and appropriate,
existing data capture techniques and common coding schemes have been
adopted to maintain ECN’s comparability with external networks.

The use of global positioning systems (GPS) has been investigated for
recording spatial information such as vegetation plot locations and
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Spatial data handling
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Figure 14. An overview of theé ECN dala management system

boundaries; a 'watching brief’ is being kept aver the reliability and cost-
effectiveness of these systems for ECN. Recent developments in robsust
field computers for both form-based and map-based data entry are also
being monitored for use when resources allow. Aerial photography and
remolely sensed imagery (satellite or air) are important sources of
information about changing spatial patterns over time both within ECN sites
and in a wider context. All ECN terrestrial sites were flown in 1994 to give
colour air photography at 1:10 000 scale; these will be digitised and
incorporated within the ECN GIS. Options for using existing and also
specially commissioned remotely sensed imagery are being explored,

ECN sites cover not only semi-natural environments but also intensively
managed agricultural systems. Background data about the management
of sites, particularly stocking rates, chemical applications, pest control
and game managemeni, are acquired where available as an important
adjunct to the ECN measurements.

1.2 Data transfer

Site Managers are responsible for sending data to the CCU in machine-
readable form using prescribed formats. Chapter 3 explains how sites,
measurements and sampling events are identified, and specifies the
sampling results, their units and precisions for each core measurement.
Datasets are sent quarterly for frequent measurements taken throughout
the year (15-minute to two-weekly), and six-menthly or yearly for seasonal
measurements. E-mail is the preferred medium for transfer, with [BM
format disketies as an alternative where sites have no Internet connection.
The ECN dataset format is comma-separated data values transierred as
ASCII files= a format which the vast majority of software can handle and
which is easily transferred by e-mail. Standard data entry forms with built-
in validation procedures are being developed for manually recorded data.
In addition to the measurement values, the specifications for most datasets
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include pre-defined 'quality codes’ (listed in Chapter 3, Appendix III)
which describe factors affeciing measurement on a particular sampling
occasion, or affecting a particular instrument or sample. In addition, sites
may send free-text information where existing quality codes are insufficient
or inappropriate. The generic ECN format and method for transfer,
including how to handle missing data and associated quality information, is
provided in Chapter 3, Section 2.

1.3 Data processing

Datasets are stored by the CCU in the form received and are logged by
site, core measurement code and date, prior to processing. Receipt of e-
mall datasets is acknowledged immediately; disk datasets generally await
database input/validation, unless there is more than about two weeks' delay
between receipt and further processing. Data loading, transformation and
validation programs have been written for each dataset type. The time
taker to process datasets is strongly affected by the type and number of
errors they contain, and may vary between ten minutes and two days.
Where possible, queries and problems are solved through communicating
over e-malil, although, if errors are numerous or particularly difficuli to
decipher, then a request is made for a repeat dataset to be sent. Sites are
strongly encouraged to check their data thoroughly before despatch; form-
based data entry will undoubtedly help to minimise typing and formatting
errors. Once processed and installed within the database, sites are sent an
acknowledgement form which confirms input and reports any validation
preblems. Data validation methods are discussed separately under Section
2, Quality assurance.

ECN aims to have no more than a six-month time-lag between data
collection and availability in the database, for measurements sampled
throughout the year. Seascnal measurements should be available in the
database by the end of June in the following year. The delay reflects
resource levels available for data entry and processing, but more crucially it
reflects the degree of quality assurance necessary to establish a long-term
environmental research database. However, where a rapid response is
required, instant access to recent data is provided with qualifications about
the degree of validation performed and consequent data reliability.

1.4 Database system and design

A central database with remote network access was considered the most
appropriate model for ECN to ensure a fully integrated system with the
required data quality standards. The relational database management
system (RDBMS) Oracle, with Structured Query Language (SQL)
commmands and utilities, forms the core software, with links to the GIS Arc/
Info for spatial data handling. The database and software currently run on a
Unix-based local area network {LAN) with high-speed links to the Internet
for remote access and incoming data. The system provides an integrated
storage and retrieval facility for all ECN data and associated meta-
information.
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The design of any database must focus not only on the data and their -
interrelationships but on the purpese and requirements of the activity it is
to support, Where the styles of data are diverse and the range of uses
difficult to predict, the system needs to be integrated, but as versatile as
possible to:
« allow new structures to be generated and new datasets to be
incorporated when required, and
allow users free but quided access to data.

The range of potentiat uses of ECN data makes user requirements difficult

to define and predict. Broadly, two main types of use are anticipated:

» scientific research, requiring access to high-resclution data, and the
ability and freedom to define complex queries and analytical functions
in space and time;
information browsing and retrieval, requiring guided access to ECN
information and summary data for display, extraction and
incorperation into reporis.

ECN ideally requires & fully integrated database, GIS and statistical
gystem, which is also sufficiently open to allow links to external software.
Whilst new software products exist which have begun to break down the
boundaries between database and GIS functions and which.use new and
more versatile data models, these are still not widely adopted and their
reliability and maintenance levels are uncertain. User requirements made
it important that only tried and tested software formed the basis of the
ECN database. However, new software developments will continue to be
reviewed and incorporated where appropriate to maintain an acceptable
balance between reliability and versatility.

Oracle provides the necessary access controls and allows the definition of
suitable integrity rules. Arc/Info is well established as an analytical GIS for
all types of spatial data, though GIS security and access controls tend to
be less well developed than those of mainstrearn database software. The
two systems can be linked - Oracle data can be viewed and analysed
through Arc/Info ~ but are not integrated under the same management
software. Oracle holds the majority of the ECN data, including grid
references for point-based data, for easy access. Digital definitions of
more complex spatial features, eg vegetation boundaries, field systems
and river networks, are managed within Arc/Info. Attribute data for these
features tend to be stored within Oracle and accessed via the Arc-Oracle
link. Time-series digital maps will be established within Arc/Info to enable
temporal analysis of changing spatial patterns.

Because apparent small changes in data capture method can radically
alter a data structure, the database design for ECN had to be as
straightforward and as flexible as possible. This is a continuing
requirement, as the ECN programme is itself monitored for its
effectiveness; changes in emphasis may be given to different types of
measurernent {(whilst preserving long-term continuity as far as possible)
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which will have implications for the database structure, The core database
stores raw data at the resolutions specified in the ECN Protocols. An
associated summary database consists of menthly andior annual summaries
of the raw data, generated at six-monthly intervals. The database is logically
divided into data and meta-data tables, Data for each replicate sampling
location within an ECN site for a given core measurement are regarded as a
logical ‘dataset’ which is allocated a unique identifier. A central meta-data
table stores information about each dataset. Associated meta-data tables
hold linked information on units of measurement, quality criteria, quality
codes and text relating to sampling occasions, and reference tables for
coded fields, eg species codes. The spatial and temporal dimensions of
variables are important and affect the database structure: some
measurements relate {0 an instance in time, eg surface water samples,

whilst others are summary or cumulative values over a time period, eqg
rainfall or pitfall trap samples. Spatial data may relate to points, lines or
areas, and in each case the location and spatial form need to be defined
within the GIS.

Database security is an important consideration, in terms of both system
faults and unauthorised access. Incremental back-ups of the database are
made daily, a full back-up is made weekly, and monthly back-ups are kept
for one year, off-site. Storage media are renewed requlatly. Additional fail-
safe devices, which maintain the status of the system and level of service for
users in the event of disk crashes, are being considered. Access controls
and security monitoring software are in operation to prevent unauthorised
use.

2. Quality assurance in ECN
2.1 Introduction and terminology

Data of poor or unknown quality are unreliable. It is important to set quality
standards at the outset of a data gathering exercise, but i1 is equally
impoertant to monitor how far those standards are met, and to ensure that this
information accompanies the data for future use,

A number of different terminologies are commonly used to express different
aspects of quality. For ECN purposes, the following terms seem the most
appropriate, and are related to those used in the British and International
Standards (British Standards Institution 1987,1995) for describing ‘product’

quality.

Quality assurance A term embracing all planned and systematic
activities concerned with the atainment of quality

Quality objectives  The specification of target values for quality
criteria

Quality control The practical means of ensuring that quality
objectives are met, as set out in the specification
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Quality assessment {or uality verification). Procedures for
’ assessment of the degree te which quality
objectives have been met — ideally providing
evidence that they have been met — after data
capture. This should be a system of monitoring,
which feeds back into the quality control process
to maintain cuality targets.

2.2 Quality control and assessment

The ECN Protocols are standard operating procedures (SOPs}) designed to
ensure consistency in measurement methods across sites and over time.
They incorporate target specifications for quality criteria such as accuracy
and recording resolution, where appropriate. Specifications for other
quality criteria such as completeness and logical consistency of datasets
(Association for Geographic Infermation 1998) are implicit within the
Protocols and the formats for data transfer (available from the CCU).
Quality control procedures go hand-in-hand with SOPs and have been
mcluded in the Protacels, eg correct handling of equipment and samples,
maintenance schedules and calibration specifications, and unambiguous
instructions for measurement and data handling. ECN has organised
training courses to ensure that recorders are familiar with the documented
procedures. During the first year of ECN monitoring in 1993; these
courses helped to reveal some unforeseen practical difficulties in the
Protocols which were amended accordingly.

Quality assessmeni should be regarded as a monitoring exercise 1o keep
measurements ‘on course’ by feeding information back tc the data capture
stage. Where the measured feature can be kept, eg invertebrate samples,
or re-visited, eg vegetation plots, the accuracy of identification may be
assessed at a later date through subsampling by an independentexpert’.
Currently, ECN either uses known experts to identify all mvertebrate
specimens centrally, or sends them subsamples for verification. Randomly
selected vegetation plots across the network are re-visited by an
independent botanist shortly after survey

The quality of more ephemeral measurements such as meteorological
records can only be similarly assessed by running duplicate or parallel
systerns. Duplicate systems are expensive, and In practice assessment
normally involves regular checks for instrument drift and recorder error.
ECN.runs manual daily weather stations (weekly at the less accessible
sites) concurrently with automatic stations to provide some parallel
records, and has regular maintenance schedules for equipment which
help to maintain standards across the network and over time.

2.3 Data validation

Data validation can be regarded as part of quality assessment and
involves screening data for 'unacceptable values' which may have
occurred at any stage during data captuwre and handling. Present ECN data
validation software for incoming.data performs numeric range checks,
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categorical checks, formatting and logical integrity checks, eg on dates,
number of samples, and links between datasets. Appropriate range
settings for ECN variables have been selected following discussion with
specialists in each field.

ECN adopts a cauticus approach to discarding data on the principle that
apparent errors may be valid outliers, Data values identified by validation
software as ‘unacceptable’ are treated in one of three ways.

*  Where values are clearly meaningless due to a known cause, eqg an
mstrumentation fault, and cannot be back-corrected, the data are
discarded and database fields set to nuil {(no data).

Where values are clearly in error, or out of range due to known
calibration errors, and can be back-corrected, data are stored
separately until the correction can be made.

Where there is no straightforward explanation for outliers, the daia are
stored in the database, accompanied by meta-data ‘flags’ and
associated text.

Sites are strongly encouraged to check their data before sending them to

the CCU, but not to alter it unless a reason for error is clear, and in any

case to inform the CCU of their actions.

The data validation checks described above are important first-pass'
procedures, but they are relatively coarse and may fail to identify
erroneous data within the valid range. An extreme example is a faulty
instrument which generates values within the given range, but which have
only two distinct values. More subtle problems may only be revealed
through multivariate or time-series checks, based on known processes or
expected patterns.in the data. Procedures for implementing these as a
‘second-pass’ validation stage are currently being developed.

2.4 Laboratory practice

-ECN sites send water samples to their own associated laboratories for
analysis. The cost of standardising methods of analysis across all ECN
laboratories is prohibitive; instead, analytical guidelines (see AG Protocol)
list reference and approved techniques for each determinand, with
corresponding limits of detection. Each laboratory practises its own
internal quality control, and most participate in national quality assurance
schemes. In addition, ECN has conducted inter-laboratory trials using
standard solutions, and row operates a system whereby a standard
solution sample accompanies each batch of water samples from the field,
Analysis of the spread of values across the laboratories has helped to

- highlight problem areas, early attention to these areas has improved
considerably the agreement between results.

2.5 Handling quality information in the meta-database

Target specifications for quality criteria are stored as meta-information
alongside instrument and sampling details, and units of measurement,
Any deviations ifrom these specifications or from the sampling methods
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given in the Protocols are recorded with time-siamps. Details of laboratory
methods and associated detection limits are stored similarly. Missing data
and outliers which have been revealed by the quality assessment exercise
but which cannot be corrected {see 2.3 above) are qualified, using pre-
defined quality codes (listed in Appendix [Il, page 208) or free-text
descriptions. This information may be associated either with a particular
sampling occasion, or with an individual measurement variable on a
sampling occasion. Site managers also use these codes or free text to
describe factors affecting sampling outside their control, instrurnent
damage or site management effects. Results of quality assessmernt
exercises, eqg laboratory trials or vegetation re-survey, are also
incorporated. All meta-information may be linked direcily with the data to
which it relates.

3. Database access
3.1 Methods of access

In the past, large centralised databases have had a reputation for being
relatively inaccessible and difficult to use. ECN's need to maintain close
interaction between monitoring and scientific research means that
database access is fundamental to the success of the programme.
Although the ECN system has been centralised for reasons of integration
and quality assurance, rapid developments in networking software over
the past decade mean that this model no longer has the poor access
implications of old, and the physical location &f the database 1s less
important. The challenge is to provide access modes to suit different styles
of use and which can provide sufficient guidance and information about
the system to enable little or no initial learning process for the user.

General-purpose database query and retrieval methods are provided
primarily for scientific users already familiar with SQL and with the ECN
database structures. Users may access the datalxase via 'Telnet’ and use
SQL directly, or use a PC client front-end which ceonstructs the SQL from
a windows-style interface. However, this mode of access is unsuitable for
users who require easy, guided access to the data without having to
undergoe prior training.

With the second type of user ir: mind, ECN has developed a ‘tailored’
interface to the ECN summary database using the World-Wide-Web
(WWW). The WWW is an information service on the Internet which
enables text and images, presented as Web ‘pages’, to be linked to other
information through active areas of text, called ‘hyperlinks'. The user can
browse information in a more intuitive way, rather than being constrained
to follow a pre-defined hierarchy of options. The system requirements are
relatively low-cost: the user needs only a PC, an Internet link and "browser’
software to interpret the information and view the images. The addition of
database links can generate a powerful information interface, enabling
text, images and data to be presented together and allowing the user 10
progress from browsing information to guided data retrieval in a single
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system. ECN's Web pages (http//wwwnmw.ac.uk/ecn/) incorporate a
hyperlink 1o a database query, display and retrieval system (Brocklebank
et al. 1996). This enables authorised users 1o build their own database
dquery by selecting any combination of ECN sites, core measurernent
variables and date ranges for instant generation of tables and graphs,
Data may also be downloaded vig e-mail in ‘column’ format, for input to
local software. Although the WWW software for presenting lext and images
is now very simple to operate, links to databases are less advanced so that
significant programming effort was required to buid the ECN user
interface. However, generic software tools are developing rapidly and will
greatly simplify the linking of databases and presentation of data. The ECN
Web interface will continue to be enhanced to take advantage of new
features and to provide new facilities.

ECN also provides access to 'real-time’ data via the Web from an autormnatic
weather station (AWS) at the Moor House-Upper Teesdale site in the north
Pennines. Data are transmitted hourly via a modem link to the CCU and
automatically displayed as graphs and tabulations. Direct links frem AWSs
at other ECN sites are planned, as well as from other automatic menitoring
instrumentation, eg water quality loggers. Cnce these links are considered
reliable enough, they will be used to download data automatically into the
database through the data validation and input software.

3.2 Data ownership and access agreements

ECN data are owned jointly by the ECN sponsoring organisations which
have agreed a systemn of user licensing and authorisation for'access to
high-resclution and summary data. Applications for access should be sent
to the CCU, from where they are sent to the sponsoring organisations for
consideration. If access is permitted, users are asked to sign a licence
agreement which defines the terms under which ECN data may be used.

A.M.]. Lane
ECN Database Manager
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