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This technical report describes methods and results from the headwater streams component of
Countryside Survey.

Countryside Survey (CS) consists of a field-based survey of 591 1km x 1km sample squares spread
across England, Scotland and Wales, undertaken approximately every eight years. Around 60% of these
squares contain at least one linear water feature such as a stream or ditch. Surveys of a headwater
stream or ditch/drain site have been undertaken as part of Countryside Survey in 1990, 1998 and 2007.
Since 1998, the survey has consisted of three elements: the macroinvertebrates (small aquatic animals
visible to the naked eye which live on the stream bed), the macrophytes (larger aquatic plants) and the
habitats (the structure of the channel and riparian zone). A single water chemistry sample is taken for
supporting information. In 1990, only the macroinvertebrate component of the survey was undertaken.

Compared with larger rivers, headwater streams are relatively poorly covered by the monitoring of
national agencies. The data collected in Countryside Survey allow for an integrated description of the
changes in ecological status and biodiversity of headwater streams through time, and the description of
these changes is the main aim of this report. Additionally, for macroinvertebrates, their status against a
minimally-impacted reference condition may be assessed. The vast amount of data available for the
terrestrial survey component of Countryside Survey allows many potential linkages to be examined
between human activities and stream ecological response. In this report, we detail some of these
linkages, which will be elaborated further as part of the Countryside Survey Integrated Assessment to be
published later in 2010.

Results show many areas of improvement over the period 1998 to 2007. Notable improvements have
occurred to macroinvertebrate status indicators in England, although south east England in particular is
starting from a lower baseline of headwater stream biological quality when compared to other parts of
Great Britain. Numbers of sites at good or high macroinvertebrate status in south east lowland England
are still relatively low (30%). Increases in the number of macrophyte species and habitat quality appear
to have occurred throughout Great Britain. Finally, improvements to trophic (nutrient) status, as indicated
by the macrophyte communities, have occurred in Scotland. Substantial improvements in
macroinvertebrate indicators occurred between 1990 and 1998 for all parts of Great Britain, however
part of this observed improvement may be due to drought conditions in 1990.

Declines have been observed in macroinvertebrate status for the Scottish Highlands, which had the
highest proportion of sites at good or high status in 1998, but in 2007 this proportion has dropped to a
level comparable to that of the rest of Scotland and upland England. Unfortunately it is not currently
possible to pinpoint causes of this decline. There is an indication of increased extent of resectioning
(engineering of the channel to widen, deepen and straighten), particularly in lowland Scotland, however
this may be due to this feature being better recorded in 2007 compared to 1998. The example from
Scotland is unusual in that for other indices and countries, there is no evidence for differences in trends
between Environmental Zones. Quantification of changes in Wales is limited by the smaller sample size.

A provisional integrated assessment has linked land management characteristics taken from the
Countryside Survey square containing each headwater streams site, to an indicator of stream biological
quality based on the mean stress sensitivity score of the macroinvertebrate taxa present. This has
indicated logical negative relationships between intensive land uses such as arable and improved



grassland and ecological status. Indicators of management of the river channel, such as the extent of
resectioning (for land drainage and flood defence purposes), are also negatively associated with
ecological status. Characteristics of the riparian zone, such as the amount of woody cover, are positively
associated with ecological status.

Overall, the headwater streams component of Countryside Survey is now beginning to build up a picture
of the changes occurring to the ecological status of headwater streams. The changes are broadly
positive, although some negative changes will need further investigation.

The Headwater Streams Report was produced by the Centre for Ecology and Hydrology CEH), with
contributions by Queen Mary University of London (QMUL), and Bournemouth University (BU).
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1.1 Countryside Survey

Countryside Survey (CS) is a sample-based study which assesses state and change in the rural
environment. Surveys have been undertaken in five years: 1978, 1984, 1990, 1998 and 2007. In 2007
Countryside Survey covered 591 1km x 1km sample squares spread across England, Scotland and
Wales. These 591 squares comprise a stratified random sample of all 1Lkm squares in Great Britain.
Hence the area covered by Countryside Survey is statistically representative of conditions in the wider
countryside. The survey area includes cultivated land and grassland, areas around towns and more
remote areas including moorlands, mountains and islands. Squares containing more than 75% of
developed land or more than 90% of sea are not included in the field survey. Similarly, within survey
squares, urban areas including those directly associated with buildings, are not surveyed.

The UK Results from the 2007 Report (Carey et al. 2008) provide further details of the survey
methodology and key results; while the country reports (Countryside Survey 2009; Norton et al. 2009;
Smart et al. 2009) provide further results for each country surveyed. These reports contain analysis of
headwater stream plant and habitat data which are brought together and expanded upon here. The
reports also include analysis of data from vegetation plots located next to streams and other linear water
features. Data for the Countryside Survey in 2007 and earlier years have previously been released via
the website http://www.countrysidesurvey.org.uk/data.html. Previously, results from the 1990 and 1998
surveys were presented in an Environment Agency report (Furse et al. 2002).

1.2 Headwater Streams in the Countryside Survey

For each Countryside Survey square, where possible, a single headwater stream’ site is surveyed, and
with a few exceptions, the same site is revisited over time.

The aim of the Headwater Streams component of Countryside Survey is to understand the biological
condition of British headwater streams; specifically key evidence of quality and changes to the following
attributes of the headwater streams environment:

* The biological status of headwater streams, assessed using macroinvertebrate and aquatic plant
communities, to support the European Water Framework Directive;

« Prevalence of animal and plant biodiversity in headwater streams;

e The morphological condition of headwater streams;

e Catchment and riparian land cover adjacent to headwater streams;
* Links between catchment and riparian land cover and vegetation and ecological status of

headwater streams.

! A Headwater Stream is defined in Countryside Survey as a stream of Strahler Order 3 or less (Strahler, 1957).
See Section 2 for further details.




Although elements of Countryside Survey are undertaken, with slightly different methods, in Northern
Ireland, this does not include freshwater surveys. Hence Countryside Survey as a whole reports for the
UK, however this report solely focuses on Great Britain.

One of the main reasons for focusing on headwater streams in Countryside Survey is that they are
under-represented in other national monitoring networks, particularly those of the Environment Agency
and Scottish Environment Protection Agency, who tend to focus their resources on larger streams and
rivers. Surveys of the ecological condition of headwater streams have been undertaken in Countryside
Survey in 1990, 1998 and 2007; further details of the quality elements surveyed are given below. The
majority of the river length in any catchment will be headwater streams. Some results for the plant and
habitat surveys for headwater streams have been presented previously in the UK main and country
reports; however, this is the first presentation of the results for the macroinvertebrate survey data.

1.3 The value of headwater streams

Policy drivers and biodiversity

Countryside Survey has been designed to inform and guide decision-making of Government
departments and agencies, Non-Governmental Organisations and any other bodies with a responsibility
or interest in environmental policy. The temporal and spatial scales of the data collected in these surveys
will provide a baseline against which any effects of changes in policy can be assessed. Long-term trends
and patterns can be identified to help in any future management decisions. Compliance with a number of
international and national policy drivers which exist for freshwater habitats, requires information such as
that presented in the Countryside Survey reports.

The European Habitats Directive (Council Directive 92/43/EEC) and European Birds Directive
(79/409/EEC) requires EU Member States to create a network of protected wildlife areas across the
European Union. This network consists of Special Areas of Conservation (SACs) and Special Protection
Areas (SPAs), and is part of a range of measures aimed at conserving important or threatened habitats
and species. The diversity of species and communities of macroinvertebrates and macrophytes of
headwater streams, many of which are seldom surveyed, collectively contributes significantly to the
overall biodiversity of the UK (Furse et al. 1991).

The Water Framework Directive (Council Directive 2000/60/EC) (WFD) aims to protect all elements of
the water cycle and enhance the quality of groundwaters, rivers, lakes, estuaries and coastal waters. A
key aim of the WFD is the achievement of at least good ecological status in all surface waters, defined
as a slight deviation from a minimally-impacted reference condition. Ecological status of river and stream
water bodies is assessed using a combination of biological quality elements (fish, macroinvertebrates,
higher plants and algae) and supporting elements of hydromorphology and water chemistry.

The UK Biodiversity Action Plan (1994) (UK BAP) was prepared as part of the UK s response to signing
the Convention on Biological Diversity at the Rio Earth Summit in 1992. The UK BAP outlines a
programme for the conservation of the national biological diversity with an assessment being carried out
every three years. The most recent review in 2007 includes a priority list of 1,150 species and 65
habitats. Data from these reviews and other sources will be used to show how the UK has been
progressing towards the Convention s 2010 target to achieve a significant reduction in the rate of
biodiversity loss.
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The routine monitoring of water bodies, undertaken by the environmental agencies responsible for
regulation in the UK, primarily concentrates on those areas where potential impacts from abstraction and
point source discharges might be expected to occur. With the improvements that have been recorded in
these areas, and the adoption of river basin management under the WFD, focus is shifting to diffuse
sources of pollution. Baseline data from headwater streams will be essential to enable any further
improvements to be put into context.

The UK s headwater streams, some of which are studied as part of Countryside Survey, comprise a
sizeable part of the UK river network. Furthermore, much of the precipitation that makes up the flow in
the river network downstream will have passed through these small watercourses first. However, it is
not only their influences on those habitats found further downstream that make headwaters important.
Even in the UK the habitat, species and community diversity of such streams is considerable, with the
geographic range of many being restricted to headwater streams (Furse et al. 1991). While headwaters
may be upstream of point sources of impact, new disturbances such as hydropower schemes and wind
farms may be in addition to impacts from agriculture and forestry. The data collected during Countryside
Survey may be used to detect improvements in headwater streams, resulting from changing industrial or
land use practices that lead to better air quality, reduced acidification and less agricultural run-off.

Several species found in headwaters are nationally protected under the Wildlife and Countryside Act
(1981) as amended. Examples of protected macroinvertebrates include the freshwater pearl mussel
(Margaritifera margaritifera) and white clawed crayfish (Austropotamobius pallipes). However, the
importance of headwater streams is not limited to their macroinvertebrate and macrophyte communities
alone. Several nationally and internationally important species of fish rely on the typically highly
oxygenated, cool and fast flowing waters for breeding including Atlantic salmon (Salmo salar), brown
trout (Salmo trutta), allis shad (Alosa alosa), brook lamprey (Lampetra planeri) and bullhead (Cottus
gobio). Other protected species that may depend upon such streams include otter (Lutra lutra), and
kingfisher (Alcedo atthis).

Ecosystem services

Streams and rivers provide multiple ecosystem services. Using terminology from the Millennium
Ecosystem Assessment (MA) 2006, these include provisioning services such as fish for food, supporting
services such as photosynthesis and nutrient cycling, regulating services such as flood protection and
water purification, and cultural services such as recreation. Ecosystem services may be degraded by
human activities, and this applies equally to those delivered by headwater streams. This provides a key
rationale for their inclusion in Countryside Survey.

Meteorological context for the 1990, 1998 and 2007 surveys

It is important to note that while there may be no such thing as an average year, the years 1990, 1998
and 2007 were all particularly notable in hydrometeorological terms. In England and Wales, 1990 was an
exceptionally dry year, whereas in Scotland it was exceptionally wet. 1998 was a warm and wet year,
with several exceptional floods occurring in April and October. 2007 again was a wet year, with some
extreme flood events occurring in July across England and Wales. This context is referred to in the
analyses reported below, particularly in the interpretation of changes in macroinvertebrate indices
between 1990 and 1998.
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This chapter outlines the rationale and methods used to collect data on headwater streams for
Countryside Survey in 2007 and previous surveys. The headwater streams surveys followed a standard
protocol which is detailed in Norton et al. 2006 and Murphy & Weatherby 2008.

A Headwater Stream is defined in Countryside Survey as a stream of Strahler Order 3 or less (Strahler
1957). This definition is based on the arrangement of the stream/river channel network. From a source, a
stream is first order. When two first order streams meet, the downstream stream is second order. When
two second order streams meet, the downstream stream is third order, and so on.

Only a proportion of Countryside Survey squares contain linear water features (streams, rivers,
drains/ditches). In the Countryside Survey field protocol, where possible, a headwater stream site is
sampled. Where a suitable headwater stream site does not exist in the square, but ditches or drains
do, the headwater stream site will actually be on a ditch or drain, and highlighted as such. Whether a
site is classed as stream or ditch/drain is based primarily on the opinions of the field surveyors, but
backed up by later analysis of maps and catchments: this resulted in some sites which were initially
classified as ditch/drain by the surveyors being re-classified as stream sites. The analyses presented in
this report are presented for stream sites and ditch/drain sites separately. The ditch/drain sites are far
fewer in number than the headwater stream sites.

Photo 2-1. A ditch site in the Fens (EZ 1)

A further distinction may be made between headwater streams that are on the river network as drawn on
Ordnance Survey 1:50,000 maps, and streams which are upstream of the source on these maps. Such
streams may be shown on finer scale maps (1:25,000 or 1:10,000), and represent a significant
proportion of the total river network, particularly in upland areas. They are more likely to flow
intermittently, which may cause sampling difficulties. A proportion of Countryside Survey headwater
streams sites fall into this category.

The headwater streams component of Countryside Survey in 2007 has involved the survey of three
distinct quality elements of the stream ecosystem:
« The macroinvertebrates living on the stream bed. Macroinvertebrates are small animals visible
to the naked eye, such as snails, worms, leeches, shrimps, mayflies, dragonflies, water-bugs,
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beetles, caddis flies and midges. This survey includes the collection of at-site physical data used
to run the RIVPACS/RICT model (see below);

e The macrophytes (larger aquatic plants) in the stream channel;

e The structure and diversity of in-channel and bankside habitats.

In addition, spot water samples were taken and analysed by CEH laboratories. These samples have
been used as supporting information in the analysis of the other quality elements. However since they
are a single sample taken on a single day within each survey year, they are not considered sufficiently
representative for analysis in their own right.

In 1998, the same list of quality elements was surveyed, although fewer water chemistry determinands
were collected. However, in 1990, only macroinvertebrates were surveyed.

RIVPACS (River Invertebrate Prediction and Classification System) is a computer model for calculating
an expected reference macroinvertebrate community at a stream or river site. It has been developed by
CEH, Environment Agency, SEPA, DOENI and their predecessor organisations (Wright et al. 2000). The
current version of the RIVPACS model is RIVPACS 1V, this is implemented within a software tool called
RICT (River Invertebrate Classification Tool) (Davy-Bowker et al. 2008). A notable difference between
this version of RIVPACS and previous versions is that there is a single model for England, Wales and
Scotland. Previously there were separate models for parts of Scotland.

RIVPACS is calibrated with over 700 macroinvertebrate samples from sites in Britain considered to be at
a reference condition; that is, minimally impacted by human activities. The macroinvertebrate
communities at these sites vary considerably: the community found in a rocky upland stream will differ
from that found in a chalk stream or a lowland clay-bed stream. This variation is natural, however it
means that summary indices derived from macroinvertebrate samples at sites which may or may not be
at reference condition vary naturally, as well as in response to stressors arising from human activities.
RIVPACS takes as input a suite of physical variables for the catchment and sample site, plus alkalinity,
and predicts a reference macroinvertebrate community. It thus allows biological status, as quantified by
the macroinvertebrate community at any new site of interest to be assessed by comparison with this site-
specific reference. The result of this comparison of a raw biological index to a reference or expected
value is an Observed / Expected ratio, or O/E ratio. In unimpacted sites the observed and expected
index values should be very similar and the O/E ratio is about one. As degradation, associated with
human impacts increases, the observed index value fails to meet expectations and the value of the ratio
falls.

Distance from source, as denoted on 1:50,000 maps, is one of the physical variables used by RIVPACS.
Hence RIVPACS can only be used to produce a reference macroinvertebrate community for sites on the
1:50,000 river network, and hence O/E ratios for macroinvertebrate indices cannot be derived for the
headwater stream sites above the source denoted on 1:50,000 maps. Furthermore, it is not possible or
appropriate to derive RIVPACS O/E ratios for ditch or drain sites.

For reporting purposes the O/E ratio may be used to assign a site to one of a series of status classes of
ecological condition. These have been harmonised with the systems adopted for the European Water
Framework Directive, and comprise high, good, moderate, poor and bad. RIVPACS contains statistical
tests based on prior estimates of typical sampling variation that can be used to assess whether a site
has truly changed its biological condition from one survey to the next (Clarke 2000, Clarke et al. 2002).
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The probability that there has been a real change is assessed as being either unlikely (less than 50%
chance), more likely than not (i.e. greater than 50% chance) or almost certain (at least 95% chance).

The Biological Monitoring Working Party (BMWP) Score system provides a method of converting lists of
macroinvertebrate taxa sampled from a stream or river on a particular occasion into two numerical
indices. In BMWP, 82 different families of macroinvertebrates are given pre-assigned scores from 1-10
that represent their tolerance to organic pollution. Macroinvertebrates that are intolerant are given a high
score and those that are tolerant are given a low score. When a sample of macroinvertebrates is
collected from a stream, the scores of all the different families of macroinvertebrates present are added
together to give the BMWP site score. Two main indices of condition are derived from the BMWP sites
score. One is the number of observed macroinvertebrate families which have an allocated BMWP score
(this may be known as taxon richness, number of BWMP taxa, or just TAXA). The other is the mean
score, and therefore mean tolerance of the animals present (i.e. the site score divided by the taxon
richness). This is called the ASPT, or Average Score Per Taxon. Although ASPT was primarily designed
to respond to organic pollution, it is also a robust indicator of other general degradation arising from
human activities.

Acid Waters Indicator Community (AWIC) (Davy-Bowker et al. 2005) is an index which is specifically
designed to be sensitive to acidification of streams. AWIC follows similar principles as ASPT, with
macroinvertebrate families being assigned a score according to their tolerance to acid conditions and the
final AWIC score being the mean of the scores assigned to all groups found at a site.

Sampling protocols are often referred to by acronyms or abbreviations, some of which strictly speaking
refer to a broader assessment technique which uses that protocol. Hence the macroinvertebrate
sampling protocol is often referred to as a RIVPACS sample. The macrophyte sampling protocol used in
Countryside Survey is often referred to as a Mean Trophic Rank (MTR) survey, after the name of an
index commonly calculated from the survey data. The physical habitat survey is termed River Habitat
Survey (RHS).

2.1 Data collection and sample processing

Headwater streams have been included in Countryside Survey since 1990, hence data are available for
the years 1990, 1998 and 2007.

The sites surveyed by the headwater streams component have stayed broadly the same in 1990-1998-
2007. The main exception to this is that, during preparatory work for the 2007 survey it was discovered
that the headwater stream sites in 29 of the squares, which were previously surveyed in 1990 and 1998,
were on rivers of Strahler Order four or above and cannot be considered headwaters. Hence at these
squares, for 2007 and future surveys, the original survey site was moved to a new location on a smaller
watercourse, still within the same square. The fourth order and above sites surveyed in 1990 and 1998
are excluded from all analyses presented here.

For the 2007 survey, the headwater streams data were collected by the Countryside Survey teams. This
differed from the 1998 survey, where separate freshwater teams were used. In 2007, as part of their
training, the survey teams undertook a one-week course specifically on the freshwater fieldwork
components of Countryside Survey. Also in 2007, a freshwater quality assurance exercise was
undertaken. A separate freshwater surveyor repeated surveys at 29 sites on a date sometime after the
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